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Executive Summary

As a unit in the National Park SysteDevils Tower National MonumenDETO) is responsible
for the management and conservation of its natural resources. This mandate is supported by the
National Park Service Organic Act of 1916, which directs the Pakkcgdo

conserve the scenery and natural and historic objects and the wildlife therein and to
provide for the enjoyment of the same in such a manner and by such means as will leave
them unimpaired for the enjoyment of future generations.

In 2003, the National Park Service (NPS) Water Resources Division received funding through

the Natural Resource Challenge program to systematically assess watershed resource conditions
in NPS unitsthusestablishing the Watershed Condition Assessmentr&rogdrhis program,

now titled the Natural Resource Condition Assessment (NRCA) Program, aims to provide
documentation about the current conditions of important park resources through a spatially
explicit, multidisciplinary synthesis of existing scientifiata and knowledg&indings from the

NRCA, including the report and accompanying map prodwdtshelp DETO managers to

develop neaterm management priorities
engage in watershed or landscape scale partnership and education efforts

conduct park plannmn(e.g., Resource Stewardship Strategy)

= =2 =2 =

report program performance (e.g., Depart me
goals, Government Performance and Results Act).

Specific project expectations and outcomes folXB& O NRCA are listed in Chapt 3.

For the purpose of this NRCA, NPS staff identified key resoureésred to as components in

the project framework and throughout the assessment. The components selected include natural
resources and processes that are currently of the greatestrcémpark managementRETO.

The final project framework contaii8 resource components, along with measures, stressors,

and reference conditions for each.

This study involved reviewing existing literature and data for each afoitmponentsn the
framework, and, where appropriate, analyzing the data to provide summddeseate new
spatialor statisticarepresentations. After gathering data regarding current condition of
component measures, those data were compamederence conddns (when possiblg and a
gualitative statement of condition was developdte discussions in Chapter 4 represent a
comprehensive summary of available information regarding the current condition of these
resources. These discussions represent notlmalyost current published literature, but also
unpublished park information and, most important, the perspectives of park experts.

There were dta gapgor all components analyzed in this assessmidrég.measures analyzed for
most resource components i thark indicate a condition of gd or moderate concern. In
addition, most measures indicate that components are in a statalition Only one key
resource component conditiddark Night Skiescould not be defined.
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Chapter 1 NRCA Background Information

Natural Resource Condition Assessments (NRCAS) evaluate current conditions for a subset of
natural resources amdsourcecomponentsn national park units, hereaftgérp a.o Horshese
conditionanalysesthey also report trendsvhienpossible), critical data gaps, and general level

of confidence for study finding3:heresources andomponerg emphasized in the project work
depend on a par ko6s rescusetawardskp ptamnt), and scignceo st at u s
identify high-priority componerg andavailability of data and expertise to assess current

conditions of potential study resources and

componergfor that park

NRCAs represent a relatively new approach to f _ \
assessing and reportipgrkresource conditions. NRCAs Strive 't
They are meant to complement, not replace, Credible condition reporting for
traditional issue and threbfised resource a subset of important park
assessmentés distinguishing characteristics, all natural resources and
NRCAS indicators
Useful condition summaries by
1 are multidisciplinary in scope broader resource categories or

topics, and by park areas

\ /)

1 identify or deeloplogical reference conditionandvaluesas acompaison forcurrent

1 employ hierarchicatomponent

framework$

conditiors®*
emphasize spatial evaluatioficonditionsand GIS (map) products
summarize key findings by park aréas

follow national NRCA guidelines and standards for study desigireporting products

! The breadth of natural resources and number and type of indicators evaluated will vary by park.
Frameworks help guide a multidisciplinary selection
of data for measures ] conditions for indicators ] condition reporting by broader topics and park areas.

3 NRCAs must consider ecologically based reference conditions and applicable legal and regulatory

standards, and can consider other management-specified condition objectives or targets; each study

indicator can be evaluated against one or more types of logical reference conditions.

* Reference values can be expressed in qualitative to quantitative terms, as a single value or range of

values; they represent desirable resource conditions or, alternatively, condition states to be avoided or

those that require afollow-on response (e.g., ecologitcrailggenrrsed)hol ds
® When possible and appropriate, NRCAs describe condition gradients or differences across the park for

important natural resources and study indicators through a set of GIS coverages and map products.

® In addition to reporting indicator-level conditions, investigators are asked to take a more holistic view

and summarize overall findings and provide suggestions to managers on a area-by-area basis: (1) by

park ecosystem or habitat types or watersheds, and (2) for other park areas as requested.

of
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Although current condition reporting relative to logical forms of reference conditions and values
is the primary objective, NRCAs also report trends for any stodyponerg where the

underlying datarad methods support it. Resource condition influences are also addressed. This
can include past activities or conditions that provide a helpful context for understanding current
park resource conditions. It also includes preskaytcondition influences (teats and stressors)
that are best interpreted at park, watershed, or landscape afthteaggh NRCAs do not judge or
report on condition status per se for | and
boundaries. Intensive cause and effect analyktseats and stressors or development of

detailed treatment options
is outside the project /

scope. | mportant NRCA Succescs
Credibility for study Obtaining valuable input from park and other NPS
findingsderives fronthe subjective matter experts at critical points in the project
data methodsand timeline

reference values used in

. Using study frameworks that accommodate
the project workare they

meaningful condition reporting at multiple levels

appropriate for the stated (measures / indicators / broader resource topics
purpose and adequately and park areas)

documented? For each

studycomponentvhere Building credibility by clearly documenting the data
current condition or trend and methods used, critical data gaps, and level of

is reportedlit is important confidence for indicator-level condition findings

to identify criticaldata
gapsand describe level of
confidence in at least qualitative terms.dhwement of park staff and National Park Service
(NPS subject matter experts critical points during the project timelireealso importanto (1)
assist selection of stusypymponerg; (2) recommend studyatssets methods and reference
conditions andvalues to use; an@) help provide a multidisciplinary review of draft study
findings and products.

NRCAs provide a useful complement to more rigorous NPS science support programs such as
the NPS Inventory and MonitoriRrogram. For example, NRCAs camyide current condition

ar

estimates and help establish referecmeditions or baseline valuéys o me of i@l par kds

Signs monitoringcomponers. They can also bring irelevantnon-NPS datdo help evaluate
currentconditions for thoseameVital Signs. In some cases, NPS inventory datasets are also
incorporated into NRCA analyses amgborting products.

In-depth analysis aflimate changeffectson park natural resourcesoutside the project scape
however, existingondition analyses and dataséevelopedy NRCAs will be useful for
subsequenparklevel climate change studiesd planning efforts.

NRCAs do not establish management targets for stachponerg. Decisions about
management targets must be made through sanctioned park plannmgreagément processes
NRCAs do provide sciendeased information that will help park managers with an ongoing,

|l onger term effort to describe and quantify

t



management target® the near term, NRCA findings assstrategic park resource planrfing
andhelp parks report to government accountability mea&ures

Due to their modest funding, relatively quick timeframe for completad reliance on existing

data and information, NRCAs are not intended to be exhaugtudy methods typically involve

an informal synthesis of scientific data and information from multiple and diverse sources. Level
of rigor and statistical repeatability will vary by resource@mponentreflecting differences in

our present data andiéwledge bases across these varied study components.

NRCAs can yield new insights about current park resource condikiohsn many cases their

greatest value may be the development of useful documentation regarding known or suspected
resource conditiawithin parks. Reporting products can help park mangenstize nearterm
workload, frame data and study needs for important park resources, and communicate messages
about current park resource conditions to various audiences. A successful NRCh delive
crediblesciencebased informatioandprovidespractical uses for a variety of park decision

making, planning, and partnership activities.

Over the next several years, the NPS plans to faidRCA project for each of the ~270 parks
served by the NPS Inventory and Monitoring Program. Additional NRCA Programmiation
is posted athttp://www.nature.nps.gov/water/NRCondition_Assessment_Program/Index.cfm

/ NRCA Reporting Products\

Provide a credible snapshot-in-time evaluation for a subset of
important park natural resources and indicators to help park managers:

Direct limited staff and funding resources to park areas and natural
resources that represent high need and/or high opportunity situations
(near-term operational planning and management)

Improve understanding and quantification for desired conditions for the
par kds Afundamental 06 and Aot her i mportantoo
(longer-term strategic planning)

Communicate succinct messages regarding current resource conditions to
government program managers, Congress, and the general public
(Airesource condition statuso report.

o )

" NRCAs are an especially useful lead-in to park Resource Stewardship Strategies (RSSs), but the study

scope can be tailored to also work well as a post-RSS project.

& While accountability reporting measures are subject to change, the spatial and reference-based
condition data provided by NRCAs wil|l be useful for
as may be required by the NPS, the Department of the Interior, or the Office of Management and Budget.

n
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Chapter 2 Introduction and Resource Setting

2.1 Introduction

Enabling Legislation
In 1906, Congress passed the American Antiquities Act (16, W$1C433), granting the
President the power

to declare by public proclamation historic landmarks, historic and prehistaratures,

and other objects of historic or scientific interest that are situated upon the lands owned
or controlled by the Government of the United States to be national monuments, and may
reserve as a part thereof parcels of land, the limits of whieh cases shall be confined

to the smallest area compatible with proper care and management of the objects to be
protected

On 24 September 1906, Theodore Roosevelt signed a proclamation that estabésiied
Tower National Monurent (DETO)asthenaton 6 s f i r st Nati onal Mo nu men

Whereas, the lofty and isolated rockingé at e of Wyoming, known as
T o w esituéted upon the public lands owned and controlled by the United States is

such an extraordinary example of the effect of erosioreihitfher mountains as to

be a natural wonder and an object of historic and great scientific interest and it

appears that the public good would be promoted by reserving this tower as a

NationalMonument with as much land as may be necessary for the proper

protection thereof;

Now, therefore, I, THEODORE ROOSEVELT, President of the United States of
America, by virtue of the power in me vested by section two of the aforesaid act
of congress, do hereby set aside as the Devils Tower National Monument, the
lofty and isolated rock situated in Crook County, Wyoming, more particularly
located and described as followswiib:

Section seven, and the north half of the northeast quarter, the northeast quarter of
the northwest quarter and lot number one of section eighite&wnship fifty

three north, range sixtsix, all west of the Sixth Principal Meridian, as shown

upon the map hereto attached and made a part of this proclamation.

Warning is hereby expressly given to all unauthorized persdne appropriate,

injure or destroy any feature of the natural tower hereby declared to be a National
Monument or to locate or settle upon any of the lands reserved and made a part of
said monument by this proclamation.

Geographic Setting

DETO is a 54%a(1,347ac)National Pak in Crook County, located in northeastern Wyoming,

on the northwest edge of the Black Hills (NPS 2001). Crook County has the fifth lowest human
population density of all Wyoming counties at 0.81 individuals per square kilofb&eB

2010). The Black Hi, amountain rangé& western South Dakota and northeastern Wggm



roughly 200km long by 10km wide (62 by 124 miY\Marriot et al. 1999)is namel for the dark
ponderosa pineg@inus ponderosathatcover most of the Hills (Marriot et al. 1999). The
geology of the area consists of igneous and sedimentary rod&aangsoils (Salasand
Pucherelli 1998). The Belle Fourche River flows through the eastern portiETdd and forms
part of its southerndundary.

The 264m (867foot) high Devils TowelTower)was formed by the intrusion of igneous

material into softer sedimentary rock#ich later eroded to expose the Tower. The formation
consists of numerous hexagonal columns separated by verticad tnatlattract thousands of

rock climbers each year. It is composed of a crystallized rock type called phonolite porphyry, a
light to darkgray or greenisigray rock with conspicuous crystals of white feldsP$

20108.

DETO has a continental climatativhot summers and cold winters. Snow pack is usually light
and temporary, althougievere winters with long periods of snow cover occur periodically
Multiyear droughts are also a regular occurrence (Gitzen et al..Z6@perature and

precipitation nomals(defined as the arithmetic mean computed over three consecutive decades
are available for DETO from 1972000(Tablel).

Table 1. Monthly temperature and precipitation normals for DETO, 19711 2000 (Western Region Climatic
Data Center).
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Average Temperature (°C)
Max 1.2 4.6 9.6 153 207 260 301 299 242 167 6.7 1.9 15.7
Min -15.1  -11.7 -6.8 2.1 34 84 112 101 43 -21 -87 -138 -1.8
Average Precipitation (cm)
Total 15 1.6 2.6 45 6.6 7.7 5. 4.1 35 36 1.9 19 451

Visitation Statistics

Since 1980, 358,175 peopa averagéave visited DETO each yeddost visitas come to
DETO to observe theower during day tripsand a small percentage stay overnight at theGpark
campground near the Bek®urche River (NPS 20aD Other activities thaattractvisitors

include hiking, crossountry skiing, and rock climbing. Park staff also offer interpretive talks,
guided walks, and various evening programs, as well as hosting cultural gatherings (DETO
2010Db).

2.2 Natural Resources

Ecological Units and Watersheds
DETOispartofth& nvi r onment al P ERAY Maddl¢ Rookies LAvglélin c y 6 s
Ecoregion.

The climate of the Middle Rockies lacks the strong maritime influence of the
Northern Rockies. Mouatns have DouglaBr, subalpine fir, and Engelmann
spruce forests, as well as some large alpine areas. Pacific tree species are never



dominant and forests can have open canopies. Foothills are partly wooded or
shrub and grassovered. Intermontane valleys are gras®d/or shrulcovered

and contain a mosaic of terrestrial and aquatic fauna that is distinct from the
nearby mountains. Many mouiriefed, perennial streams occur and differentiate
the intermontane valleys from the Northwestern Great Plains. Granitics and
associated management problems are less extensive than in the Idaho Batholith.
Recreation, logging, mining, and summer livestoadezgrg are common land es
(USGSEPA2010).

The EPA divides Level 1l Ecoregions into smaller LevelHeoregionsThe Black Hills
consists of three Level I¥coregionsthe Black Hills Foothills, Black Hills Plateau, and Black
Hills CoreHighlands Platel). DETOis located in the Black Hills Foothills Level IEcoregion
The US. GeologicalSociety (USGSNorthern Prairie Wildlife Research Center off¢ine
following description of this geographic area:

Two contrasting landscapebe Hogback Ridge and the Red Valley (or
Racetrack), compose tiBdack Hills Foothillsecoregion. Each forms a concentric
ring around the mountainous core of the Rl&tills é2onderosaine covethe

crest of the hogback and the interior foothills. Buffalo, antelope, deer, and elk still
graze the Red Valley grasslands in Custer State(B&t&6SEPA 2010)

DETO is located in the Belle Fourche River Watershed. This waigiishgpproximately

1,821,000 h#4,500,000a¢) in size, with about half located in Wyoming and half located in

South Dakota. The Belle Fourche River flows from central Wyoming to northwest South Dakota
to the Cheyenne River in Meade County, South Dakota. Witleipark,the river average8.1

m (20 ft) in width and is generally mor less. The Keyhole Reservoir is an impoundment on the
Belle Fourche River, roughly 28rk(17 mi) upstream of DETO, which became operational in
1952.

Resource Descriptions

Ponderosa pine forest covers approximately 62% of the aiET®. Plant species found in
ponderosa pine forests include common juniganiperus communisOregon grapeMahonia
aquifoliun), and various grasses. Six types of prairie grasslands ocauglyly®?9% ofDETO

in small patches within the more dominant ponderosa pine forests. Although deciduous forests
are raran DETO (only about 5% of the paikarea), common species in this community include
bur oak Quercus macrocarpagreen ashHraxinus gnnsylvanicy chokecherryRrunus

virginiana) andhawthorn Crataegusspp.). Large cottonwood®@pulusdeltoidesMarshal
Subspmonilifera) are located in the Belle Fourche floodplain (NEBS1).

Common terrestrial vertebrates at the park include biaigd prairie dog@ynomys

ludovicianug, white-tailed deer Qdocoileus virginianus red squirrel Tamiasciurus

hudsonicuy least chipmunkTamias minimus deer mouseReromyscus maniculatysyellow-
bellied racer Coluber constrictoy, and bullsnakeRituophiscatenife) (NPS 2001). Breeding
birds are numerous (NPS 2Q®anjabi 200b(seelist of species irChapter4.4). The Tower is
likely one of the prime nesting locations foairie falcons Falco mexicanukin the area,

because of this, tharairie falcon is the only avian species described as a management priority
for DETO (Panjabi 2005). The Wyoming Department of Environmental Quality classifies the



Belle Fourche River as a class Il river because it can support game fish. The river is a warm
water fishery with a poor aquatic food supply (NPS 19@8)ite et al. (2002) found nine
different species of fish in the Belle Fourche River: flathead cRlatygobio gracilig, sand
shiner otropis stramineys shorthead redhors#fxostoma macrolepatun), white sucker
(Catostomus commersonstonecatNoturus flavuy green sunfish (&pomis cyanellys
smallmouth basdicropterus dolomie)y black bullheadAmeiurus melgs and channel catfish
(Ictalurus punctatuys

Resource Issues Overview

Installation of the Keyhole Dam in 1952 altered the landscape at DETO (NPS g&8i)ing in
the loss of the natural flood regime required for cottonwood regener@bday, there are many
old, deador dying cottonwoods in the floodplain of the park. Youngaovoods and willows
(Salixspp.)are not replacing the older tre@flowingexotic speciea greater opportunity to
establishThe National Park Servic&lPS is attempting to restore cottonwoods and willows in
the floodplain through supplemental planting (NPS 2007).

Black-tailed prairie dogs thrived in western prairies in the early 19iishuman control and
sylvatic plagueYersnia pestjsdecimated populatns through the 20th century (Cubyd

Williams 2001). The prairie dog population at DETO is intagth no evidence of decline. The
DETO colony occupie$2to 16 ha (30 to 4@0 in the southeastern corner of the park and has
been expandindgowever, N°S manages this expansion because of concerns regarding plague
(NPS 2007).

Fire, both natural and prescribed, is one of the most important resource issues in the Northern
Great Plains anoh DETO. Historically, wild fires occurred every 15 to 30 yearsangerosa

pine forests. Following European settlement, humans suppressed many wild fires, resulting in
increased fuel loads and frequency of high severity wild fires. Today, NPS utilizes prescribed
fire as a tool to encourage biological diversiay DETO, burned trees are nligged;instead,

they are left ababitat for birds, insects, and other animals (NPS 2007).

Exotic species also affect DETO ecosystente parkhasat least 56 nonnative plant species
NPS utilizes multiple techniques to contexiotics manual, biological, and mechanical (NPS
2007). The exotic plant species in DETO affect native park species in different ways. Many of
these plants are unpalatable and provide poor nutrition for aniamalsck of grazing pressure
allows the plants teeproduce and spread quickly. Exotic plants alsecoutpete native species

by taking available sunlight and growing space (NPS 2007).

Climate change could have dramatic impacts on the ecosystems within DETO (Gitzen et al.
2010). Temperatures in the Nloern Great Plains have risen more thatfC @ °F) over the

past centuryand models predict an increase2ofto 6.7 °C (5to 12 °F during this century.

While precipitation is also expected to increase, evapotranspiration will increase with higher
temperatures and longer growing seasons, perhaps resulting in an overall drier climate (National
Assessment Synthesis Team 2000).



2.3 Resource Stewardship

Management Directives and Planning Guidance
DETO& GeneralManagemen®lan (NPS 2001) describes four mgaeaent goals, based on the
parkis mission:

Restore and maintain the health and diversit & T ©natural systems
Preserve archeological, historic, and ethnographic valu2EBD

Interpret the significant and varied theme® &TO

= =2 =2 =2

Balance educational, spiritual, and recreational usB4&ad10 and its surrounding
landscape to provide meaningful visitor experience

DETO& GeneralManagemen®lan (NPS 2001) also offers goals regarding the desired future
condition of key park resources:

1 Regarding Water Resources, Floodplains, and Wetlands
o Surface water and groundwater will be restored or enhanced.

o NPS and NP$ermitted programs and facilities will be maintained and operated
to avoid pollution of surface water and groundwater.

o Natural flooglain values will be preserved or restored.
o The natural and beneficial values of wetlands will be preserved and enhanced.

o Longterm and shofterm environmental effects associated with the occupancy
and modification of floodplains will be avoided.

1 Regardig Species of Special Concern

o Federally listedand statdisted threatened and endangered species and their
habitats will be sustained.

o0 Native species populations that have bseverely reduced in or extirpated from
DETO will be restored where feasible asdsstainable.

o The management of populations of exotic plant and animal species, up to and
including eradication, will be undertaken wherever such species thi@&E0
resources or public health and when control is prudent and feasible.

1 Regarding WildlandFire

o Fre management programs will be designed to meet resource management
objectives prescribed for the various areasETO and to ensure that the safety
of firefighters and the public are not compromised. Until a fire management plan
is approved, all vidland fires will be aggressively suppressed, taking into account
the resource to be protected and the safety of firefighters and the public.

1 Regarding Night Sky

o NPSwill cooperate withDETO neighbors and local government agencies to seek
ways to minimiz the intrusion of artificial light into the night scene in the



monument. In natural areas, artificial outdoor lighting will be limited to basic
safety requirements and will be shielded when possible.

1 Regarding Natural Sounds

o NPS will preserve the naturahmbient soundscapes to the natural ambient
condition wherever possible, and protect natural soundscapes from degradation
due to humaitaused noise. Disruption from recreational uses will be managed to
provide a high quality visitor experience in an efftrtpreserve or restore the
natural quiet and natural sounds.

Status of Supporting Science

The Northern Great Plains Inventory and Monitory NetworlGRN) identifies key resources
networkwide and for each of its parks that can be used to determine tlzdl treath of the
parks. hese key resources ar@al Signs. In 2010, the NGPN completed and releaséda
SignsMonitoringPlan (Gitzen et al. 2010 subset of which were selected monitoring in
DETO (Table 2)

Table 2. NGPN Vital Signs selected for monitoring in DETO (Gitzen et al. 2010). Those in bold are
already monitored by the park or another NPS program; those in italics will likely be monitored in the
future, but there are currently no plans to develop a program.

Category NGPN Vital Signs

Air and Climate Ozone, wet and dry deposition, weather and climate
Geology and Soils Stream and river channel characteristics

Water Groundwater dynamics, surface water dynamics,

surface water chemistry, aquatic contaminants, aquatic
microorganisms and macroinvertebrates
Biological Integrity Exotic plant early detection, forest insects and
diseases, riparian lowland plant communities, upland
plant communities, land birds, raptors, prairie dogs
Human Use Treatments of exotic infestations, visitor use

Landscapes (ecosystem pattern  Fire and fuel dynamics, land cover and use, extreme
and process) disturbances, soundscape, viewscape, night sky

Despite the smabllize of the park, #re is a relatively large body of scientific literature regarding
park natural resourceResearch topics at the park have included deer browsing, prairie dog
abundance and health, cottonwood regeneration, natural spring and river water quality, air
guality, soundscapes, and night skies.
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Chapter 3 Study Scoping and Design

This National Resource Condition Assessm@&RCA) was a collaborative effort betwedre
National Park ServiceNPS and Saint Margs Universityof MinnesotaGeoSpatial Services
(SMUMN GSS).Stakeholder# this projectincludeDevils Tower NationaMonument DETO)
parkresource stafind theNorthern Great Plains Inventory and Monitoring Netwdiks@N)
staff. Before embarking on the project, specific roles of the NPSEdMN GSSwere
identified Preliminary scoping meetings were helddbotha task agreement and a detailed
scope of work document wecellaborativelycreatedoy NPS andSMUMN GSS.

3.1 Preliminary Scoping

A preliminary scoping meeting was h&ld Octobe2009with SMUMN GSS and NPS statf
determine the purpose of tBETO NRCA, which is to evaluate and repdhte current
conditions of key park resourcés,evaluate critical data and knowledge gagslto highlight
selected existing and emerging resource condition influences of condET @managers.

The National NRCA Programf€ce provided specific guidance requirements regarding this
NRCA:

1 The NRCAwould beconducted using existing data and information

1 Identification of data needs and gapsuld bedriven by the framework categories

1 The analysis of natural resource conditiarmild include a strong geospatial component
1

Resource focus and prioritia®uld bedrivenprimarily by DETO park resource
management

This condition assesirstmenmeto pervoavliudaetsi oan fosfn arpesshoou
for a select set of parkatural resources, identified and agreed to by the project team. Project
findings will aidDETO resource managers in the following objectives:

1 Developing neaterm management priorities
1 Engaging in watershed or landscape scale partnership and educatitn effo

1 Conducting park planning (e.g., General Management Plan, Resource Stewardship
Strategy)Reporting program performance (e @epartment of Interior Strategic Plan
Al and healtho goal s) .

NPS Involvement

Expectations foDETO staff involvement were detai duringproject scoping. Park staff
participated in project development and planning, reviewed interim and final products, and
participated ircondition assessmenfBhey were also expected to participate and collaborate
with SMUMN GSSto identify source of information to define an appropriate resource
assessment structute identify appropriately scaled resources, threatsl stressorandto
identify measures for these resources.

DETO park staff helped identify other NPS staff that could proguieance, technical
assistance, and logistical coordination for site visits and discussions with the primary
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investigator, analysts, and graduate research assistants. Park staff collaboratedSnid Nt

GSS Principle Investigator during data mining atatus assessment to ensure the synthesis was
consistent with the project goals. AdditionalBETO natural resourcstaff assisted in

developing recommendations for additional analyses to fulfill information needs that would aid
in the assessment of padsource condition®ETO staffwasalso expected to review and
comment on draft reports and all publishable material submitted from this project in a timely
fashion.Involvement ofDETO staff in this project ensured that SMID GSS efforts met the

true needs of the park.

The NPS was responsible for informing the SMIN GSSPrinciplelnvestigator of the specific
activities required to comply with the ANPS |
Conduct, Peer Review, and Infoation Quality Correction foNPSCultural and Natural

Resource Disciplinesd or any subsequent gui da
interim document.

3.2 Study Design
Component Framework, Focal Study Resources and Components

Selection of Resurces and Measures

As defined bySMUMNGSS i n the NRCA process, a Aframewo]
framework is a way of organizing, in a hierarchical fashion, biogeophysical resource topics

considered important in park management effditie prmary features in the framework are key

resource components, measures, stressors, and reference conditions.

Components in this process are defined as natural resources (e.g., bison), ecological processes or
patterns (e.g., natural fire regime or land ¢aleange), or specific natural features or values

(e.g., geological formation, dark night skies, or viewshed) considered important to current park
management . Each key resour ce c bestpefindbent has o
current conditiorof a component being assessed in an NRi@dasures are defined #wse

values or characterizations that evaluate and quantify the state of ecological health or integrity of
a component. In addition to measures, current condition of components may be aulbgnc

cert ai n,0dnygagenetwtsinoppses adverse changes to a companérthus are

considered during assessment. These typically refer to anthropogenic factors that adversely affect
natural ecosystems but may also include natural processesurbances such as floods, fires,

or predation (adapted from GLEI 2010).

During theDETO NRCA scoping procesgey resource components were identified by NPS
staff and are represented as components in the NRCA framawbilk. this list of components

is not comprehensivi®r all parkresources, it includes resources and processes unique to the
parkin some wayof greatest conceyor of highestmanagement priority iDETO. Several
measures for each component, as well as known or potential stragsmralsoidentifiedin
collaboration with DETO resource staff

Selection oReference Conditions
A reference condition is a benchmagainst whiccBMUMN GSScompars current values of a
given componeid measures to determitiee presentondition of thatomponent. A reference

16



condition may be a historical condition (e.qg., flood frequency prior to dam construction on a
river), an established ecological threshold (e.g., EPA standards for air quality), or a targeted
management goak objective (e.g., a bisoherd no larger than 700 individuals) (adapted from

Stoddard et al. 2006).

Reference conditions in this project were identified during the scoping process using input from

NPS resource staff. In some cases, reference conditions represent a historerateaefewhich

human activity and disturbaneesrenot major drives of ecological populations and processes,

such asi p-exetic invasiongor fipre-1908 establishmentd | n ot h-eevieweda s e s , pee
literature and ecological thresholds helped define gp@ate reference conditions.

Finalizing the Framework

An initial framework was adapted from the organizational framework outlined by the H. John
Heinz 111 Center for Scienceb6s AState of Our
2008). Key resourcesf the park were gleaned fratme NGPN Vital Signs Monitoring Plan

(Gitzen et al. 2010) and publically available informational materials D&HO. This initial

framework was presented to park resource staff to stimulate meaningful dialogue about key
resouces that should be assess®&gnificant collaboration between SNMIN GSS analysts and

NPS staff was needed tocus the scope of the NRCA project and finalize the framework of key
resource to be assessed.

The NRCA framework was finalized in March 2010ldaving acceptance from DETO resource

staff. It contains 13 componeniBaple3) andwasused to drive analysis in this NRCAhis

framework outlinestte resources (components), most appropriate measures, known or perceived
stressors and threats to the resources, and the reference conditions for eachtoesonnuae

to current conditions.
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Table 3. Final DETO NRCA framework.

Monument

Extent and Pattern

Landcover Extent Landcover change

Fire suppression, exotics, and invasives

Pre cattle and sheep grazing, natural
and healthy environment

Plant species nchness

Bidogical Components

Change in Ponderosa Pine density

Native plant communities and distribution

Ponderosa pine, exotics

Ponderosa pine is a competitor with native plant
communities

Pre cattle and sheep grazing, natural
and healthy environment

Pre fire supression

Exotic Plant Distribution and Density

Fire regime, climate changes, moisture pattems,
potential atmosphernc nitrogen deposition, visitation

pre-exotic species

Cottonwood Regeneration

Change in nesting or population

Prairie Falcon
status

Loss of natural hydrograph via Dam operations

Land cower change, development and disturbance

Pre cattle and sheep grazing and pre
dam, natural and healthy environment

Successful nesting within monument

Species Richness, Density, and

B Abundance

Land cover change

Curmrent diversity, richness, and
distribution

Prairie Dog

Population number and distribution

‘White Hoarhound, drought, Bubonic Plague, human
interactions

Current population at reference levels

White-Tailed and Mule Deer Population and distribution

Chemical and Physical Characteristics
Water Quality Temperature

Chronic Wasting Disease

Vegetation change, Dam operations

Historic natural and healthy population

EPA Water Quality Criterion

pH

Disruption of natural hydrograph (dam operation)

EPA Water Quality Criterion

Conductivity

Disruption of natural hydrograph (dam operation)

EPA Water Quality Criterion

Dissolved Oxygen

Turbidity, nutrients

EPA Water Quality Criterion

Coliform Bactena

Livestock grazing, development

EPA Water Quality Criterion

Turbidity

Livestock grazing, bank erosion

EPA Water Quality Criterion

Air Quality Mercury

Atmospheric deposition from powemplant operations

EPA Standards

Nitrogen

Atmospheric deposition from agricultural operations

EPA Standards

Ozone

Fossil fuel combustion

EPA Standards

Annual hydrograph (changes in

Hydrolo
pRleIy natural flow)

Goods and Services

Decibel levels and distribution of non-

SOUKISCHDS natural sound character (e.g. engines

Climatic changes, dam operations,

Dewelopment, trails, roads, aircraft

Pre dam construction

Undeweloped and "natural” park
experience

Matural undeveloped viewsheds, both

Viewshed near and distant views

Development, visibility

Undeweloped and "natural” park
experience

V' Magnitude, night sky program

Dark Night Skies standard

Point source light pollution, air quality and
particulates

Undeweloped and "natural” park
experience

Climber numbers, Native American
significance, visitor appreciation,
local connectivity

Tower usage

Cultural and natural sensitivities

Current usage and practices (balanced)




Reporting Areas
Reportingareasvere not used in this assessment.

General Approach and Methods

This study involvedjathering andeviewingall existing literature and datalevant tceach of
thekey resourceomponentsncludedin the frameworkNo new data were collected for this
study however, vinere appropriateexisting data were analyzéal provide summariesf

condition for resourcedr to create new spatial representations. After all data and literature
relevant to the measures of each componenéreviewed and considered, a qualitative
statement of overall current condition was created and comfuatied reference condition when
passible.

Individual Component Assessments

Data Mining

The data mining process (acquiring as much relevant data about key resources as possible) began
at the first scoping meetingthereDETO staff provided data and literauin multiple forms,
includingNPS reports and monitoring plans, reports from various state and federal agencies,
published and unpublished research documentgjovernmental organizatigaports,

databases, tabular data, and ch&tographic information syster®[S) data were providely
NGPNandby DETOstaff. Access was also granted to various NPS online data and literature
sources, such as NatureBib and NPSpecies. Additional data and literature were also acquired
through online bibliographic literature searches and inquiries oousstate and federal

government websites.

Data and literature acquired throughout the data mining process were inventoried and analyzed
for thoroughness, relevancy, and quality regarding the resource components identified at the
scoping meeting.

Data Development and Analysis

Data development and analysis was highly specific to each component in the framework and
depended largely on the amount of information and data available on the topitadysis
recommendations from DETO sta8pecific approaclseto data development and analysis can
be found within the respective component assessment sections located in Chafiter port.

Preparation and Review of Compon&uughDraft Assessmest(Phase | Documents)

The process of developing draft docuntseforeachcomponent began with a detailed phone or
conference call with individuals considemagource componesito verify the most relevant data

and literature sourcesnd t o f or mul ate i deas about current
opinions. Information gained in these initial conversatioas wnportant forough draft
developmentwhich usd thedata gathered through the data mining proesssell aghe

insights provided by component experts. Documestethenforwarded to component experts

for initial review and comments.

The preparation of rough draft assessments for each component was a cooperative process
involving SMUMN GSS analysts and DETO aN@sPN staff. AithoughSMUMN GSS analysts
reliedheavily on peereviewedliterature and existing data in conducting the assessment, the
expertise of NPS resource staff apgayedan invaluable role in providing insights into the
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appropriate direction for analysis and assessment of each commespatiallywhendata or
literaturewere limited

Development and Review ahB&l Component Assessments (Phase || Documents)

Following review of the component rough drafts (Phase | documents), analysts used the review
feedback fronresourceexperts to compile the final compent assessments (Phase |l

documents). Consistent contact with experts was maintained throughout this process to
adequately address questions and comments pertaining to rough draft reviews and to ensure
accurate representation of DETO and NGPN staff knbgdeCompletedPhase Il documents

were sent back to expert reviewers for a second thorough revadiewoncorporations of
additionalcomments or feedback into the assessment docuAeatresulpf the feedback

process and recommendations and insight provided by DETO resource staff and other experts,
the final component assessments (Phase Il documents) represent the most relevant and current
data availabléor each componemnd the sentiments of park resourtadfsand resource experts.

All resource component assessments are presented in a standard format in the final report
(described beloyv

Format of Component Assessment Documents

Description

Eachresource componerd described for relevancepntext and mportanceo the park setting

For examplea componeninay represent a unique feature of the park, may be a key process or
resource in park ecology, or may be a resource of high management priority in thenyark.
interrelationships that occur amongiaey component and other resource components included
in the broader assessman¢ also emphasized

Measures

Resource component measures were defined in the scoping process and refined through
extensive dialogue with resource expeMeasures deemed magipropriate for assessing the
current condition of a component are listed in this section, typically as bulleted items with a brief
description of metrics used in the assessment.

Reference Conditiorend Values

Reference conditicweredetermined for edcresource component as defined in the framework
including an &planationof why specific reference conditions are appropriate or logical.
Available data and literature that explain and elaborate on the designated reference conditions
are includedand he development ofonditions or valuethatoriginated with the park experts or
SMUMN GSS analystare explained
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Data and Methods

Data sets used to evalua@chcomponent were adjusted or processed as alead analysis
(descriptions oéxtensive or highly technical processre included in an appendix for the
readerat the end of the docum@nA discussion of bw the data were evaluated and analyzed to
determine current condition (and trend when approprigtatiuded

Current Condtion and Trend

In-depth key findings regarding the current condition of the resource component and trends
(when available) is presented primaiiiythetext but is often accompanied by detailed maps or
plates that display different analyses, as wellraplys, charts, and/or tables that summarize
relevant data or show interesting relationships. All relevant data and information for a
componenarepresented and interpreted in this section.

Threats and Stressor Factors

A summary of the threats and stressitiat mayaffectresource and influenceto varying
degreesthe current condition of a resource comporagrtpresentedRelevant stressors were
described in the scoping process and are outlined in the NRCA framéoekts and stressors
are elaboratin this sectiorto create a summary based on a combination of available data and
literatureas well agliscussions with experts and park natural resources staff.

Data Needsaind Gaps

Critical data needs or gaps feachresource componeateoutlined Specifically, SMUMN
GSSdiscussshow these data needadgaps, if addressed, woutelpdetermire the current
condition of a given component in future assessments. In some cases, the dedadgegusare
significant enough to make it inapprogie or mpossible to determirtbe condition of the
resource component. In these cases, stating the dataamekedgpswill helpnatural resources
staff prioritize monitoring or data gathering efforts.

Overall Condition

A gualitative summary statement of the current condition was determineddianesource
component. Condition is determined afiethorouglreview of available literature, data, and any
insights from park staff and expertghich are presented in the Gamt Condition and Trend
section The Overall Conditiorsectionsummarizes the key findings ahahlights the key
elements used in determining and justifying the level of concern, if any, that aa#iybtgeto

the condition of the resource component.

Initial designations of current condition for a component, (inade by the authors during

component rough draft preparation) were subject to review from resource experts during the

review procesand amended when appropriatetovide a more accuratepresentation of park
staffande x pert s6 i nterpretation of condition. Wher
made with respect to the defined reference conditibren reference conditions were not

available, the opinions of park staff and expertsawelied on more heavily to determine

condition.
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Condition Graphic

Graphic representatisrof the condition of the component (and trend when appropasge)
presented tprovidereaders a visual interpretation of the assessed confiti@re notintended
to replace the written statements of condition, which provide -@ejpth discussion of and
justification for the condition attributed by analysts to the resource component.

An example of condition graphiaisedto represent the assesseadition of a component
(Figure 1)usescolored circledo indicate a componed condition expregs by level of

concern. Red circl es soicanceinfoparkeamamagemenu Yelloew of fs
circles signify aresourdso f i mo d e rrmetd park managemem. Green circles indicate
the condition of acomponersto f Ol owncer n. Gr a\yatecareaureehtlg s si gni

insufficient to make a statement about concern or condition of the component.

Arrows nested inside the circles icate the trend of the condition of a resource compohint.

arrows indicate the condition of the component is improving from reference condigbn

arrows indicate a stableend in conditionand down aowsindicate a decline in the condition

of a @mponent from reference condition. These are only used when it is appropriate to comment
on the trend of condition of a component. A tripl@nted arrow indicates the trend of the
componerids condition is currently unknown.

0000

Moderate Concern ﬁ |:> @ b

0000

Improving  Stable Declining Insufficient
Data

Significant Concern

Low Concern

CONDITION

Insufficient Data

TREND

Figure 1. Graphic representation of current condition and trend of a component.
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Sources of Expertise

A list of individuals (including their title and affiliation with offices or programs) who had a
primary role in provided expertise, insight, and interpretation to determine current condition (and
trend when appropriate) for each resource compasgmovided

Literature Cited
Formal citations for literature or datasets used in the analysis and assessment of condition for the
resource componeate provded
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Chapter 4 Natural Resource Component Summaries

The background, analysis, and condition summaries for the 13 key resonmpenentsn the
project frameworkvere compiledThe following sections discuss the key resources and their
measures, stressors, and reference conditions. The o@npbnents$ollows the project
framework Table3):

1. Land Cover Extent

2. Native Plant Communities
3. Prairie Falcon

4. Birds

5. Prairie Dog

6. White-Tailed and Mule Deer
7. Water Quality

8. Air Quality

9. Hydrology

10. Soundscape

11. Viewshed

12. Dark Night Skies

13. Tower Usage
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4.1 Land Cover

Description

Land cover is the physical surface of the earth, described using classes of vegetation and land use
classifications (e.g.agriculture, developed, transportation). Land cover is portrayed in maps
created through field surveys and/or analysis of remotely sensed imagery (Comber et al. 2005).
The Northern Great Plains Inventory and Monitoring NetwddGPN) recognizes land c@r

and land use (LCLU) as aitdl Sign because natural disturbances, stressors, and management
cause largascale changes to the general ecosystem composititime dilational Park Service

(NPS units, altering the land cover of a park. In addition, the tgpgunt, and arrangement of
vegetative structural types in park units partially determine the composition and abundance of
vertebrate and invertebrate communities in those units (Vinton and Collin. g9 protocol

for monitoring this \tal Sign will be developed over the nedi 5 years

Land cover inDevils Tower National MonumenDETO) is primarily a mix of ponderosa pine
woodlands and sherind mixedgrass upland meadowBETO also contains cottonwood and
willow riparian areas, green asind Americanelm forests (Imus americang, wolfberry
(Symphoricarpos occidenta)igorests, and bare exposed rock. Disturbed and converted areas
include vegetation influenced by nonnative plants in the prairie dog towns and some relatively

small areas classified bygh Ander son Level [ LCLU (Aander son
Acommercial serviceso (park roads and infrast
Measures

1 Land cover change
Reference Condition and Values

LandCoverChange

For this assessment, the reference condition for land cover is defined as a historical reference to a
time when the environment was natural and healthy, before disturbances caused by cattle and
sheep grazing in the area and before the introduction of ieemdants.

Historic human use and land management signifiganitange the landscape in and around the

DETO. Most of thesurroundingandhas been used for livestock grazing, timber production, and
agricultural crop production. In addition to livestogiazing and nonnative plant introductions,

humans have altered the landscape through the suppression of wildfires during the last century.
This Asignificantly changed the vegetation s
2004,p. 13). The DETOFire Management Plasuggests that lasting effects from years of fire
suppression and cattle and sheep grazing may have significantly changed the land tt@ver in

area (NPS 2004). Invasive plants have also changed plant community composition in and around
present day DETO since European settlement, although no precise date identifies the first arrival

of nonnative plants (NPS 2004).

Extensive grazing of cattle, sheep, and goats occurred in the late 1800s and early 1900s.

Daugherty (1984) noted that livesk foraged on land surrounding DET@nd often within
DETO, during the 1930s. In 1932, as many as 1,000 head of cattle were fed lnithia of
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DETO6 s b o, amddasmany as 25 head of cattle were driveB&ffO per day.In 1933, as
many as 50 head wedriven offeachday (Daugherty 1984).

Land cover is a dynamic aspect ariy ecosystem and is driven Woth natural and human
factors Natural disturbances such as fire, wihdow, and insect and disease infestations can
reset vegetation successiotrajectories. Another natural driver of vegetation and land cover is
native ungulate grazing. For example, bisBis¢n bisoy were a keystone species of the Great
Plains for approximately 10,000 yearumans eliminated them from the at®athe mid1870s
(Brown and Seig 1996). Quantitative information describing land cover before cattle and sheep
grazing in the area around DETO is unavailablee primary change in land cover (at least at a
mapable scale through most LCLU mapping efforts) described ilte¢hegture is the increase in
density and expansion of ponderosa pines into the grasslands (Covington and Mogre 1994
Brown and Sieg 199@rown et al. 2001Brown and Cook 200550me of the major factors that

have affected land cover aregional or ladscape scalare discusseith the subsequent section

Fire Regime andland Cover

Fires are important, naturally occurring events in the Black Hills and Great Plains. A generally
accepted ecological concept in western North American ponderosa pine i®nbstisfrequent
surface fires maintained open forest stands dominated by large, old trees (Coagjtéoore

1994 Brown et al. 2001, as cited in BrovamdCook 2005). The natural fire regime, specifically
the fire return interval, has changed sincedpean settlement due to fire suppression, grazing,
logging, and fragmentation from human development.

Stambaugh et al. (2008) found that the fire regime, frequency, severity, seasortgliand
temporal variability) in DETO was similar to fire regimis other fire historystudies in the

Black Hills and Mrthern Great Plains. The mean fire return interval (timing between fires)
ranged from 11 to 32 years before European settlement (from 1312 to 1850). For a relatively
short time in the late $9century (18501880), mean fire return intervals shortened to 5.7 years
Following settlemenin the area of present dBYETO, there was dire-free interval of 119 yeays

four times the long term mean from 1312 to 2001 (Stambaugh et al. 2008).

Brown and g (1996 1999) identify reasons for longer fire intervals after major European
settlementincluding fire suppression policieandreduced finduel loads because of livestock
grazing, logging, and fragmentatidrire suppression resulted in increasesvaody vegetation

density, allowing encroachment into prairie areas (NPS 2d0w).reduction in fire frequency

(or increases in mean fire return intervals) aEseedconcern forabnormallysevere fires. In the
absence of frequent fires, increases in Aseumulationand increased tree densiBtambaugh

et al (2008) suggedhat a severe firewithfh i st or i cal |y unp pe@gmag nt e d
occur near DETO.

A fire history study completed in 1984 found that three types of fires occurr@ETrO:

lightning strikes, regional fires, and areae fires (NPS 2004). Lightning strikes were the most
common cause of fire, but they were often extinguished by rain or by discontinuous fuels (NPS
2004). Regional fires were those that started oulSHEO0 s boundari es and of't
third to twothirds of DETO6 s area in a single fire event; f
these fires (NPS 2004). Finally, areade fires began ilDETO and expanded over the entire

area 15 of these fires occurretbim 1600 to 1937 (NPS 2004).
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As discussed in the native plant communities section of this doculeapter 4.2, prescribed

fires are now seto reduce fuel load§ine density and the risk of severe wildfires. Prescribed
fires, defined as any fire igeitl by management actions to maetpecific objective, began in
1982 in DETO. Most of the land surface of DETO has experienced fire at least once from 1981
to 2009 Table4, Plate2), and according to NPS fire perimeter (polygon) and point GIS data, the
vast majority (90%) of the area burned in DETO was through prescribed burns. According to
GIS perimeter (polygon)ada larger fires (14 ha[33 ag¢) in DETO did not begin until 1993.
Averaging all years from 1993 through 2009, both wildfire and prescribed fires bamed
average of 34.7 ha (85)quer year Figure2; Table4).
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Figure 2. Burn area by year, all fire types, within the boundaries of DETO, 19861 2009 (NPS GIS data).
Notes: During this period of record, more than 90% of the fire area burned in DETO was through
prescribed fires, and in several years small areas were burned (Table 1). Areas for 19811 1985 come from
fire-point GIS data, whereas all subsequent years come from polygon GIS data.
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Table 4. Annual burn area, all fire types, within the boundaries of DETO, 19817 2009 (NPS GIS data).
During this period of record, more than 90% of the fire area burned in DETO was prescribed fires.1981i1
1985 data are from GIS point data; all subsequent data are from GIS polygon data.

Year Area burned Year Area burned
ac ha ac ha
1981 0.1 0.0 1996 0.0 0.0
1982 32.3 13.1 1997 1.8 0.7
1983 0.0 0.0 1998 1.8 0.7
1984 0.1 0.0 1995 223.8 90.6
1985 0.0 0.0 1999 59.4 24.1
1986 0.0 0.0 2000 120.1 48.6
1987 0.0 0.0 2001 102.4 41.4
1988 0.3 0.1 2002 63.0 255
1989 0.0 0.0 2003 0.1 0.1
1990 0.1 0.1 2004 204.7 82.9
1991 0.0 0.0 2005 0.3 0.1
1992 0.0 0.0 2006 131.9 53.4
1993 108.9 44.1 2007 108.9 44.1
1994 0.0 0.0 2008 108.9 44.1
1995 0.0 0.0 2009 0.0 0.0

Recent fire effects monitorindata suggeshat prescribed fire is opening up thedstoryand
overstorysize classes within the ponderosa pine staigsificantly reducing fuel loading on the
ground (D Swanson, pers. cam, 201]). Most prescribed fire objectives are being met for each
implementedburn unit in the forest or prairie. Those objectiveslude increasing cover of
native grasses and forbs while decreasing cover of nonnative grasses. For most burn units and
monitoring types, native grass cover and sedges are increasing following one prescribed burn.
Most of this increase is from western edigrass(Pascopyrum smithij big bluestem
(Andropogon gerard)i and the grama grasg&sramaspp). Kentucky bluegrasgoa pratensis

is the predominant nonnative grass in the forest and prairie and generally decreases following
prescribed burning, espially spring burnsGenerally, ative and nonnative forb cover has not
significantly changed following one prescribed burn.

Grazing and_and Cover

Bison were once a keystone herbivore that grazed in the central grasslands of North America
(Meagher 1986)Along with fire, their grazing habits played a role in vegetation succession and
plant species composition, thus affecting overall land cover composition. Today, the primary
grazers in thearea around DETO are livestock, suchcastle and sheep. In addmn to fire
suppression and logging in the Black Hills, past livestock grazing affected pine density.
Livestock selectively grazed on perennial grasses, imeglcompetitive exclusionThe removal

of the herbaceous layer represented the loss of fine fureled by naturalfrequent low-
intensity fire that kiled tree seedlings (Belsksnd Blumenthal 1997 Covington et al. 1997).
Overgrazing occurred specifically within DETO during the 1930s from wandering tegttlat

times impacted vegetation and caadserosionDaugherty 1984). Cattle enter®dETO because
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of poor fencesand the Belle Fourche River bottom served as a natural routéhdon
(Daugherty 1984).

HumanDisturbance and.and Cover
TheAdl ong history of human settl ement i n the
l and owner s hi gndQbad2008)Masbof thepublic lants pave

well-established multiple use mandates (logging, mining, and livestock grazing).
Until recently, few areas have been designated for natural resource protection, and
most of these were established for recreation or to preserve unique geological or
cultural features rather than native biological diversity (FemidOblad 2000, p.

13).

Fertig and Oblad (2000) also suggest ti@road density in the Black Hillsiight prevent many
areas from being preserved at a broad landscape level.

DETO is located in Crookounty Wyoming which at 0.81 individual&m? is the fifth lowest

human populationlensity of all counties in the sta#&though hgh human population densities

are often associated with significant land cover changes ¢emrersion from vegetative cover

to impervious surfaces), land uses such as mining, logging, and livestockgdiaxtim historic

and presenfcreate lasting effects on plant communities and on overall land cover. While logging
and surface mining may have more visible effects to land cover types, ecological costs are also
associated with livestock grazing (Fleischh894).

Data and Methods

NGPN does not yet have a pyool for monitoring the LCLU Wal Signs; however, the expected
approach includes the acquisition and analysis ofdoade satellite imagegndmeasuring land

use and coarse vegetation cover within NPS units and within an undetermined buffer of the NPS
units. This protocol will be developed over the nexb Syears.

Salas and Pucherelli (1998) provide the mesent,detailed vegetation mapl¢a consideredra

LCLU map) in an area covering DETO. The map was derived from 1993 color infrared aerial
photographs and field sampling at a scale of 1:16,000. In addition to the land BERO
boundaries, Salas and Pucherelli (1998) mapped an arpprokamately 1 to 1.5 km (0.6 to 0.9

mi) surrounding the boundaries. The map categorizes vegetation associations (land cover) and
Anderson Level Il land use categories using GIS polygons. The imagery used to create this land
cover map is nownore thanl7 years old. No information is available quantifying the extent of
changes that have occurred to these LCLU classifications. While some changes have occurred
due to effects of prescribed fire sinteimagery used to create the Salas and Pucherelli (1998)
map, the datarestill considered to be moderately accurate.

The National Land Cover Database (NLCD) 1992/2001 Retrofit Land Cover Change Data
Product (Fry et al. 2009), provides a coarse representation of LCLU (Anderson et al. 1976, Level
) change froml992 and 2001 in and around DETO. These data are intended for regional scales
with a minimum mapping unit of 0.4 ha (1 ac) and a final mapping accuracy of 70 to 80%. More
recent LCLU change data (2001 to 2006) have recently become available (Fry etlyj. 201
however, MRLC states that these data are provisional to date.
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NPScape is a project created by the NPS Natural Resource Program Center, Inventory and
Monitoring Division that monitors landscape dynamics and delivers a suite of landscd@e
datasetsmaps, reports, and other products to NPS units (NPS 2011). NPScape project analyses
outputs provide information regarding land cover and landscape dynamics on a regional scale
(i.e., 30 km within and surrounding DETO).

The NPScape project created a comgalpframework that describes two major factors affecting
landscape scale dynamics: natural systems and human drivers. Together thelsdirhetpe
Aconservation cont ekdgue3) (NPS 2010d).iAs ene of thP Standaml i t
outputs, the project provides 20QCLU data in a30-m cell size within a 3&km buffer of

DETO from NLCD (NPS 2010a), a coarser resolution than the Salas and Puchoas)
vegetation map. The NPScape project also provides several other land cover related datasets,
developed using Python® scripts in GIS, including natural versus converted land cover, land
cover change, and landscape pattern. These Python® scnpi& eesed on other datasets (e.qg.
updated LULC datasets at finer scales than offered datasets such as the NLCD) to derive similar
GIS products. The project also examines human drivers including population, road density,
impervious surfaces, and categotiaas of conservation status metrics (NPS 2010b, 2010c).

Human Footprint / Drivers Natural Systems
« Human population / housing « Habitat types
* Roads + Core areas
+ ‘Modified’ land cover + Spatial pattern
Threat Status &
conservation
assessment
value

Conservation Context

» Land ownership

+ Land management

+ Key connecting patches

\

Vulnerability and opportunity

Figure 3. NPScape conceptual framework (NPS 2010d).

The GIS outputs, namely those derived from NLCD, produced by the NPScape project are not
immediately comparable to thoseSalas and Pucherelli (1998).

Current Condition and Trend

Land CoverChange

Current vegetation or land cover in DETO consists of a mosaic of ponderosa pine woodlands,
forests, and mixed grass prairie, with the majority of the land cover (62%) beingrpsagbine
woodlands and forests (Stambaugthal. 2008). Salas and Pucherelli (1998)vide the most
current high-resolution field-verified vegetation map (LCLU) Rlate 3) at this scale.The
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majority of land cover for the entire study area (witBlBTO and approximately 1.Bi outside

DETO) was considered Grassland Complex (41%), Ponderosa Pine Complex |, @0%)
Ponderosa Pine Complex Il (11%). Refer to Salas and Pucherelli (1998) for a detailed
description of these classified map units, emdable9 in the native plant communities section
(Chapter 4.2 for a breakdown of the 17 different vegetation associations identified in the
mapping projectAppendixA displaystotal area of each mapping unit in the Salas and Pucherelli
(1998) study area, including both vegetation associations and Anderson Level Il land cover/use
categories.

Since this mapping effort, prescribed burns have created some relatwallychanges in the
extent and relative composition of land cover classifications in DETO. One specific area that has
experienced change is the 94 ha (28pBelle Fourcheprescribedourn in April 1998. Some
localized high fire intensities resulted inruerosa pineverstorymortality, increased canopy
opennessand increased grass covEigure4). At a parkwide level, these changes are relatively
small. Fire effects monitoring data indicate overall decreaseasidstory and overstorysize
classes within ponderosa pine staiids Swanson pers. corm., 2011). Some subtle changes

may have also occurred due to small expansions or contractions of the prairie dog towns and
from relatively small alterations, on a paskde scale, to vegetative cover through nonnative
plant control efforts r@d native plant restoration efforts. Therefore, despite these changes, the
Salas and Pucherelli (1998) map is still largely representative of the current extent and relative
composition of land cover and land use classes across DETO.

Figure 4. Belle Fourche prescribed burn photos. The image on the left was taken 26 April 1998, 4 weeks
after the burn. The image on the left was taken 7 July 2008. (Photos from Northern Great Plains Fire
Ecology Program).

The NLCD 1992/2001 Retrofit Change Product (Fry et al. 2009) prowitieslication of land
cover changa and immediately surroundiri@eTO (Plate4). The only change (LCLU class to
class) within the boundaries of DETO w@gsen water to foregiable5). Thisrepresents a
classification error, likegl categorizingas open watea shadow in the Satellite image caused by
the Devils Tower.Usingthe NPScapeirea of Analysis (AOA)a 3Gkm buffer of DETO, the
primary changgof LCLU class to class from 1992 to 20@&re grassland/shrub to open water
(33%o0f total change areajetlands to grassland/shrub ¢270f total change area), forest to
grassland/shrub (14% of total change area), and agriculture to grassland /shrub (11% of total
change area)Table6; Plateb).
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Table 5. Land cover change, 1992 to 2001 in DETO (within boundaries) (Fry et al. 2009).

Modified Anderson Land Cover Change area %
Land Cover Class (class to class) (ha) area (ac) composition
Open Water* 0.9 2.2 0.2
Urban 15.1 37.4 2.8
Barren 2.7 6.7 0.5
Forest 239.3 591.3 44.0
Grassland/Shrub 276.3 682.7 50.9
Agriculture 11 2.7 0.2
Wetlands 7.0 17.3 1.3
Open Water to Forest* 0.9 2.2 0.2
Totals: 543.3 1342.6
*This is an erroneous classification, lirgel y
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Table 6. Land cover change, 1992 to 2001 in DETO AOA (30 km buffer of DETO) (Fry et al. 2009).

Modified Anderson Land Cover Change % % of
Land Cover Class (class to class) area(ha) area(ac) composition change
Open Water 1,667.7 4,121.0 0.54 NA
Urban 1,262.9 3,120.6 0.41 NA
Barren 261.7 646.7 0.08 NA
Forest 93,987.3 232,246.7 30.16 NA
Grassland/Shrub 206,090.7 509,259.3 66.12 NA
Agriculture 2,206.0 5,451.1 0.71 NA
Wetlands 1,906.0 4,709.9 0.61 NA
Open Water to Barren 0.6 1.6 0.00 0.01
Open Water to Forest 0.9 2.2 0.00 0.02
Open Water to 132.3 326.9 0.04 3.08
Grassland/Shrub
Open Water to 1.7 4.2 0.00 0.04
Agriculture
Open Water to 13.1 325 0.00 0.31
Wetlands
Barren to Forest 0.5 1.3 0.00 0.01
Barren to 66.4 164.1 0.02 1.55
Grassland/Shrub
Barren to Agriculture 6.0 14.9 0.00 0.14
Barren to Wetlands 5.4 13.3 0.00 0.13
Forest to Open Water 0.5 1.3 0.00 0.01
Forest to Urban 1.4 3.3 0.00 0.03
Forest to Barren 0.6 1.6 0.00 0.01
Forest to 613.7 1,516.5 0.20 14.30
Grassland/Shrub
Forest to Agriculture 44.6 110.3 0.01 1.04
Forest to Wetlands 24.5 60.5 0.01 0.57
Grassland/Shrub to 1,397.1 3,452.2 0.45 32.55
Open Water
Grassland/Shrub to 10.1 24.9 0.00 0.23
Urban
Grassland/Shrub to 19.1 47.1 0.01 0.44
Barren
Grassland/Shrub to 29.1 71.8 0.01 0.68
Forest
Grassland/Shrub to 69.7 1721 0.02 1.62
Agriculture
Grassland/Shrub to 19.7 48.7 0.01 0.46
Wetlands
Agriculture to Urban 0.5 11 0.00 0.01
Agriculture to Forest 23 5.8 0.00 0.05
Agriculture to 460.4 1,137.5 0.15 10.72
Grassland/Shrub
Agriculture to Wetlands 1.0 2.4 0.00 0.02
Wetlands to Open 22.1 54.7 0.01 0.52
Water

*Total change area in the AOA (30 km buffer of DETO) is 4,292.7 ha (10,607.5 ac).

34



Table 6. Land cover change, 1992 to 2001 in DETO AOA (30 km buffer of DETO) (Fry et al. 2009).
(continued)

Modified Anderson Land Cover Change % % of
Land Cover Class (class to class) area (ha) area(ac) composition change
Wetlands to Urban 2.8 6.9 0.00 0.06
Wetlands to Forest 15.8 38.9 0.01 0.37
Wetlands to 1,161.5 2,870.2 0.37 27.06
Grassland/Shrub
Wetlands to Agriculture 169.3 418.3 0.05 3.94

Totals: 311,675.0 770,162.7

*Total change area in the AOA (30 km buffer of DETO) is 4,292.7 ha (10,607.5 ac).

Through theNPScape projecNPS 2010aalso offers a representation of regional scale (30 km
area surrounding DETQ)CLU (Plate6), anda representation of regional land cover change
using a reclassification of the 2001 NLCDhesecoarse resolution land cover datalicate
general changes in land cover surrounding DEN®S 2010a definednaturab land cover as
areas that are predominantly vegetasewl ficonverted land coveras aeasinfluenced by
impervious surfacessuch asurban areas and road®late 7). Two further points bear
consideration(l) teinat ur al 06 categorization does not
changes that may have occurred, such as changes inspkgies diversity, plant community
composition andtructure, and plant species nativity (ir@ative vs. nonnative plant specie@)
NLCD does not identify livestock grazing as a land use and therefore does not paptureas
converted land, thus missing any associated ecological costs of ttsilpadand useLCLU
categories wereeclassified for this analys{3able 7)
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Table 7. 2001 NLCD reclassification to NPScape land cover natural vs. converted classes (NPS 2010a).

NLCD Land Cover Class NPScape Land Cover Class
11 Open Water 2 Natural

12 Perennial Ice/Snow 2 Natural
21 Developed, Open Space 1 Converted
22 Developed, Low Intensity 1 Converted
23 Developed, Medium Intensity 1 Converted
24 Developed, High Intensity 1 Converted
31 Barren Land 2 Natural
32 Unconsolidated Shore 2 Natural
41 Deciduous Forest 2 Natural
42 Evergreen Forest 2 Natural
43 Mixed Forest 2 Natural
51 Dwarf Scrub 2 Natural
52 Scrub/Shrub 2 Natural
71 Grassland/Herbaceous 2 Natural
72 Sedge Herbaceous 2 Natural
73 Lichens 2 Natural
74 Moss 2 Natural
81 Pasture/Hay 1 Converted
82 Cultivated Crops 1 Converted
90 Woody Wetlands 2 Natural

95 Emergent Herbaceous Wetland 2 Natural

Another NPScape analysis displays categories of LCLU change from 1992 to 2001 using the
NLCD change productlate8) (NPS 2010a). The map reveals some areas changed from natural
to agriculture (areas in pink on the map) and from converted to natural land cover classifications
(areas in blue on the maghe composition of this change classification within DETO argf

km? area surrounding DET@as calculated (Table 8)

Table 8. Land cover change in and around DETO (NPS 2010a).

Class Name Total Area % N
ha ac Composition
Converted 3,469 8,571.7 9.9%
Natural 30,744 75,968.9 87.9%
Natural to Agriculture 291 719.9 0.8%
Natural to Urban 142 35.1 <0.1%
Agriculture to Urban <1 11 <0.1%
Converted to Natural 464 1,145.8 1.3%

Threats and Stressor Factors

NPS identified fire suppression, past and present land use practices, and invasive plants as the
main stressors or factors that have contributed to land cover change in and aroundPRETO.

fire suppression and land use practices such as livestock,(sh@kp, and goat) grazing prior to
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the park establishment and continued grazing of wandering of cattle from dDEid@ have
negatively altere the native land cover in DETOy decreamg native grass and herbaceous
plant cover and increesy woody spe@s cover via succession (NPS 200#vasive plants
continue to establish withiDETO8 s b o u n draquire eepeata rirdatments to prevent
continued spread into native plant communities. However, nonnative plants haweacedat
such a scale as tthhange land cover classes in DETO.

The suppression of wildfires during the | ast
the vegetation succession pat tpelB)nAs afrk@4, thep eci e s
fire management plan indicatedatithe densities of overstory ponderosa pine trees in savanna

and ponderosa pine forests in DEBBould be reduce(NPS 2004). Although wildland fire
suppression continues in DETO, the NPS has been conducting prescribed burns since 1982. Each
prescribed fie has its own set of management objectives, but many of the fires are used, in part,

t o contr ol nonnati ve pl ants and stimul ate t
conditionso i dekré Manageneknt PlagNPE 2084 p.BEtAatrelte to land

cover areas follows

1 Fuel load levels consistent with low intensity fires

1 Opencanopy ponderosa pine stands with overstdignieter at breast heightidh] > 15
cm) tree density in a range of IZ®0 stems/ha (6A00 stemsd for ponderosa
pine/mixedgrass savanna, and in a range of iZH0 stems/ha (8@40 stemsc) for
ponderosa pine forest

1 Nonnative plant cover reduction with a relative increase in the native plant cover of
grasses and forbs

1 Meadow and forest area in various diverse stafjds\elopment

1 Mosaic within stands of ponderosa pines promoting habitat diversity

NPS scientistsn the NGPN Fire Ecology Progranmeasure the effects of prescribed fires on
vegetationon a plotby-plot basis. Over time, the effects of prescribed burns Ineagetectable

on a landscape scale (j.e scale often examined through land cover or vegetation mapping
efforts, such as those used by Salas and Pucherelli 1998). Current fire effects plot data
summariesthat measue the number of stemper acre or treeger acre by dbh size class
generally indicate reductions in pine densities, especially inmigstory and overstorysize
classes of ponderosa pine stands. pime reductiorhas significantly reduced growtevel fuel

loading O. Swansonpers. comm 2011).

Past land uses, especially livestogiazing caused changes to plant communities in DETO.
Daugherty (1984) noted thatgnificantlivestock foragng, especially cattle, sheep, and goats,
occurredon land surrounding DETO and often within DETO durihg 1930s. During 1932, as

many as 1,000 head of cattle were fed withimile of DETO6 s boundary, and as
head of cattle were driven odfETO per day. In 1933, as many as 50 head were driven off per

day (Daugherty 1984).

The ecological effects of cattle grazing across a landscape are particularly difficult todagsess
toa | ack of Acl ear [Eeasohheol§9%,a630)Feiechnedilé®d)étes 0 (
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that ungrazed land is extremely rare in the westenited States; herefore,predicting the
potential natural vegetation is difficufleischne(1994) summarizes the documented ecological
costs of cattle grazings (1) alteration of species composition of communities (including
decreases in density and biomassirafividual species, reduction of species richness, and
changing community organization)(2) disruption of ecosystem functioning (including
interference in nutrient cycling and ecological successianyl @) alteration of ecosystem
structure (including ftanging vegetation stratification, contributing to soil erosion, and
decreasing availability of water to biotic communities). If these effects are considered difficult to
assess then it follows that any effects of present day land use surroDdi@on te overall

land cover (vegetative communities)IMETO are also difficult to assess.

Invasive plantshatbemme prevalent andufficiently dense could warrant a different vegetation
classification. A recent example, assuming a minimum mapping ufibdfa (1.2 ac) (used in
Salas and Pucherelli 19983,leafy spurgeEuphorbia esulg whichhas occurred in large dense
patches in DETOParker Williamsand Hunt(2004) achieved 90% accuraasng hyperspectral
image analysis to detect lgagpruge in DETO in July 199% method that could be used in the
future to detecthe extent ofotherinvasive species (Jay et al. 200Becent reports from the
Northern Great Plain Exotic Plant Management Tea®@RMEEPMT) indicate that treatmentsf
leafy spurgeare beginning to have the desired effect ,(reduction in density and extent).
Although not currently found in DETO,hite horehoundNarrubium vulgarg, another example
of a species that could warrant its own vegetation classificationther park units has
established itself in large, dense patches around many of the prairie dog towngdilCave
National Park \VICA).

An NPScape examination of all roads within 30 km of DETO ug&ingironmental Systems
Research Institute, IN(ESRI) Streetma data reveals a dense network of roads (NPS 2010b). A
subsequent analysis using this road layer shows patch area between roads (>500 km from the
nearest road), illustrating that road density may prevent land$eagleland preservatioras
suggested byrertig and Oblad (2000P(ate9) (NPS 2010b)Note that this analysis treated all

roads equally when creating the roadless patch ;aneagver, roads vary widely isize and use
intensity, and therefore would likely vary in their effects related to habitat fragmentation. Despite
this diversity, roadsstill cause fragmentation of natural landscapes and are viewed here as
stressors to land cover in the area surrounBiBgO.

Possible future development of DETO infrastructurenstlaer potential threat to land cover,
more specificallyto native plants communities, at a localized scale. The current facilities at
DETO were built during the 1930s and in 1955 to accommoalatearly visitor capacity of
about 20,000. Preseday visitor totals are now nearly 400,000 annually (NPS 2007) A new
structure is proposetear the base d@evils Tower, and the parking will be moved to the lower

lot to accommodate the visitors (NPS 2R0CZonstruction of this infrastructure magquire the
conversion ohatural areas to impermeable surfaces ,(paxement or buildings}Construction
projects canalso create soil disturbances and seed beds for the establishment of early seral
nonnative ad invasive plant species.

Other current stressors or anticipated threaecosystem health (landscape scale) in DETO and
in other NGPN parks include nonnative plant control methods, @gmical plant controls),
nitrogen deposition, increased atmogphearbon dioxide concentrations, and climate change
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(Symstad et al. 2006 hese stressormay alter the composition, structure, and distribution of

plant species and communitjieghich in turn couldalter landscape scale patterns, and therefore

land cower. Stambaughet al.( 2 00 8) suggests dAclimate change,
changes wil |l significantly i mpact ecosystems
in DETO (. 184).

Data NeedsindGaps

No quantitative datavere availabldor this assessment &xamire land cover changes from a

time before fire suppression and livestock grazing in the area. Quantifiable information of
historic land cover composition before cattle and sheep grazing and the introduction of nonnative
plants inthe area woulgoromotea more detailed understanding of the land cover changes that
have occurred.

Ranching and grazing history BETO and the surrounding area is not quantified beyond reports
from a past park manager noting the number of cattle drifdDET O lands. An examination of
this grazing historymay provide more context to the current condition of land cover and native
plant communities IMETO, however andallow identification of reference sites with little or no
grazing.

A protocol for reprting and measuring LCLU as ait®l Sign is not yet developed. A fully
developed protocol wouldrovide LCLU consistency and specificity for network park units. It
could also be used formanagement within DETO and, in some cases, provialeable
informationfor coordinating conservation efforts with outside groups, especially those managing
surroundindands.

An updated land cover map comparable to the Salas and Pucherelli (1998) mapnooidel

much higher resolution land cover change infororatihan offered by datasets such as the
NLCD. In addition to remapping the area, an assessment of severe fire risk for adjacent land may
be prudent according to Stambaugh et al. (2008p were concerned with potentially severe

fire spreading intdETO. The NLCD1992/2001 change product indicates some regioGal

change butatthe parkscaledoes not indicate LCLU change outside of the erroneous open water
change classification

Information regarding levels of invasive planfestations outside DET@®oundaries may help
management understand seed sources and vectors of spread for some plant invasive species,
which can be considered a stressor to native plant communities and their associated land cover
classifications.

Overall Condition

Given past facos and current stressor s, | and cover
boundaries. Historic fire suppression, logging, mining, and livestock grazing have caused
changes in the landscape in and around DETO (NPS 2004). Fire suppression, logging,eand cattl
grazing continue on lands surrounding DETO, and NPS staff recently report livestock entering
park lands. However, not all of the changes associated with land uses are quamnididakeir
effects may not be quantifiable using common landscape scale l@dpping classification
methods.
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Little evidence suggests that current land cover composition, (head vegetation
classifications) within DETO wouldbe vastly different than it was prior to sheep and cattle
grazing in the area, although quantifiablstaric land cover data in DET@re unavailable to

confirm this. With the reintroduction of fire to the landscape through preddrilias, ongoing
nonnative and invasive plant control efforésxd intensive restoration efforts (e.geseeding

areas to nate plant species), land cover may mirror historic land cover before cattle and sheep
grazing in the area. Some obvious exceptions to this are areas of more intense human influence
such as administrative areas, areasbDEaFrO6 s r oad, andls.heavily wused

Two habitas related to land cover in DET@re of particular concerrMerrill et al. (2003)
suggest that native deciduous woodlands in the Black &tilsa concerbecausdhey seem to

be declining inthe portion of the landscapéhere they occur, about 18% of DETBoldt et al.
1978 as cited in Maiill et al. 2003). Metll et al. (2003) suggest that these woodlands are
critical habitats for wildlife and that the remaining woodlands in DETO are important for the
conservation offtese plant communitigSalasandPucherelli 1998)Another specific habitat of
concern inDETO is cottonwood and willow communities along the Belle FourBieer. The
natural hydrograph of the river has changed due to the construction and operation of the
upstream Keyhol®amin Moorcroft, Wyoming, and ottonwood regeneration along the river in
DETO has decreasedTinker 2008). More information about cottonwood communities
available in the native plant communities section of this docur@#vapter 4.2

Sources of Expertise
Dan Swanson\orthern Great Plainsire Ecologist, NPS
Mark Biel, DETO Chief of Resource Management
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4.2 Native Plant Communities

Description

The NGPNidentifies native plant communities as a high priorgaurce and ¥ital Sign. Plant
community composition is affected by many of the stressors amtitgyrrestrial and riparian
ecosystems, and therefore acts as an indicator of broad ecological health (Symstad. 2004). NGPN
has developed a protocol for monitoring plant community composition in which frequency and
percent cover of all species and selecictional groups, species richness and diversity, forest
structure, and herbaceous layer vegetation height will be measured (Symstad etal. 2011)
however, this protocolasnotimplemented until 2011. Therefore, measures examined in this
assessment are mpierosa pine density and distributiexotic plant density and distributipn
cottonwood regeneratipand plant species richness.

DETO is located in two Level lEEcoregionsNorthwestern Great Plains and Middle Rockies.
Because of this, th@45 ha (1347 ac)park contains a diverse group of plant spetyipgied by
ponderosa pine woodlands amiked-grassupland meadowdn addition, somerainages
support bur oaktands and green ash trees, and a portidmedidodpain of the Belle Fourche
River within DETO containgottonwood and willowWWoodandRew 2005) Park management
is particularly concerned about thegeneration ofottonwood as well as the persistence of the
populations of a select list of plant species of special concern identified bgl K2H08).

Salas and Pucherelli (1998) define 17 specific vegetation associations in DETO, including two
forest associations, five woodland associations, eight herbaceous associations (two of which are
disturbed)and two sparsely vegetated associatidrable9) (SalasandPucherelli 1998). The

two disturbed vegetation associations are unique because one is dominated by nonnative plants
(Kentucky bluegrass disturbed community) and the other halsa@$wm extensive prairie dog
disturbance (prairie dog town) (SakmsdPucherelli 1998). Refer tAppendixA for an area
representationf each vegetion association withiDETO and entire mapped argdus

disturbed landcover classes using an Andees@h.(1976)Levelll classification (e.g.

residential, commercial) and other nonvegetated classesb@rgrock).
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Table 9. Vegetation associations within DETO. (Salas and Pucherelli 1998)

Vegetation Associations

Skunkbush Sumac / Bluebunch Wheatgrass Shrub Herbaceous Alliance

Silver Sagebrush / Western-Wheat Grass Shrub Herbaceous Vegetation

Green Ash - American EIm / Wolfberry Forest

Eastern Cottonwood - Peach Leaf Willow / Narrow-Leaf Willow Woodland

Little Bluestem - Grama (Side-Oats, Blue) - Threadleaf Sedge Herbaceous Vegetation
Western-Wheatgrass - Blue Grama - Threadleaf Sedge Herbaceous Vegetation
Prairie Cordgrass - Three-square Bulrush Herbaceous Vegetation

Kentucky Bluegrass Disturbed Community

Ponderosa Pine / Bur Oak Woodland

Ponderosa Pine / Common Juniper Woodland

Ponderosa Pine / Little Bluestem Wooded Herbaceous Vegetation

Ponderosa Pine / Sun Sedge Woodland

Ponderosa Pine / Oregon Grape Forest

Ponderosa Pine / Bluebunch Wheatgrass Woodland

Prairie Dog Town

Phonolite Porphyry Sparse

Redbeds Sparse Vegetation

Measures
1 Ponderosa pine density and distribution
1 Exotic plant density andistribution
1 Cottonwood regeneration

1 Plant species richness
Reference Conditions and Values

Ponderos®&ine Density andDistribution
Prefire suppression is the historic reference condition for ponderosa pine density and extent for
this assessment. Fire supgsion began in the area during the late 1800s.

Measuring the change in historic fire return intervals is one way to discern the changes in
ponderosa pine density and distribution over the last century. Fire return intervals before 1770
were between 15na 27 years (Fishest al.1987). From 1770 to approximately 1900, fires set

by Native Americans reduced this to 8 to 14 years (NPS 2004). Since 1900, the fire return

interval has increased due to suppression and is now 28 to 42 years (NPS 2004)lelais unc

exactly what pine density and distribution would have been specifically in DETO with fire

intervals of 15 to 27 years verses fire intervals of 8 to 14 yBews:n and Cook (2006)

examired early settlement forest structure in the Black Hills regimhprovided a description of
ponderosa pine stand structure, stating that
diverse landscape mosaic that varied from forested patches and open stands of very few large
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trees to quite dense stands with many e p. 888). The authors also found that most of the
forest was open, but dense patches were also present, contributing to spatial heterogeneity.

The increased time between fires has allowed ponderosa pines to expand into adjacent prairie

plant commurties and increase in density. While no precise measures of pine extent and

densities are available for DETO for the time period before major fire suppression began in the

|l ate 1800s to early 1900s, a comparimaten of ph
increases in pine densities and invasion into
(Progulske 1974). In addition to fire suppression and logging, past livestock grazing affected

pine densitypecausdivestock selectively grazed on pargal grasses, allowing a reduction in

competitive exclusion; this removal of the herbaceous layer represents the loss of fine fuel

burned by natural frequent leivtensity fire that would kill tree seedlings (Belskyd

Blumenthal 1997/Covington et al. 1997).

Nonnative andnvasivePlant Density andDistribution

The reference condition for this assessment is a historic reference to a landscape prior to the
introduction of nonnative species.landscape completely free of nonnative pdanstan

unrealistic expectation for managemeaithough zero nonnative plants can act as a baseline for
comparison of current conditions and serve as a comparison for future conditions.

Monitoring and control of nonnative plant species is important becausnatives can become
invasive and replace native plant communitiesasive species witfftennegatively alter

wildlife habitat, reduce biological diversity, and alter natural processes such as fire regimes,
nutrient cycling, hydrology, and successabpatterns (NPS 2005). Symstad (2004) states that
the abundance and diversityrainnative plant specigdants, both absolute and relative to
native species, is one of the greatest management concerns in nearly all NGPN parks.

CottonwoodRegeneration

Thehistoric reference for cottonwood regeneration in DETO is a time before the construction of
the Keyhole Dam (located 25.7 Hrh7.8mi] upstream from DETO) and before cattle and sheep
grazing in the aredo data or literature sources define the naturahtian in regeneration that
occurred during this timéiowever, the current averaggefor cottonwood trees in DETO

suggest that cottonwoods are failing to produce enough seedlings to replace older trees.

PlantSpeciesRichness

For thisassessmenthe hstoric reference for plant species richness is also identified as a time
before cattle and sheep grazing in the area. Although cattle and sheep grazing contributed to
dramatic shifts in plant species composition over the last century in much of thenvirsted

States DETO represents an area where domestic animal use was limited in the past and therefore
Amany native species o0ccup F1i).nrhefirstgplant dpgciesst ands o
inventory in DETO occurred in 1982 (Marriott 1982). Sujusantly, the list of plant species

known to occur in DETO was reviewed and certified by Hollis Marriott and entered into the
NPSpecies database. Heidel (2008) found additional plant species in DETO incidental to a
survey for plant species of concenmdsuggested thabecausenly a relatively small number of
additional species were found in the survey, the original species inventory conducted by Hollis
Marriott (Marriott 1982) was quite rigorous, and that the likelihood of finding many additional
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speciesn the future was lowl'he additions and adjustments to the most recent (2004) certified
plant list are under review by NGPN staff.

Data and Methods

Fire effects monitoring data provide estimates of ponderosa pine density, while distribution
information cones from the landcover map developed by Salas and Pucherelli (1998). These
data were not manipulated during analysis.

Nonnativeplant species information from thed¥ Exotic Plant Managemeiiteam(EPMT)

provides summary information on control efforts ofereicyears in DETO. In addition, spatial

GIS data from the NPS DataStore were exported to Microsoft Excel to summarize total area by
control type (6). The following spatial file titles, obtained through the NPS DataStore, (no

metadata available) wereusedf t hi s summary: Osurvey 2002 _ 20C
mapping_2002_2006. shpdéd, O6manual 2002 _2006. shp
6det o _chemical 08. sR@®,6.ampddbi ocontrol 2002 _

A cottonwood study by Tinker (2008) provides information regarding cottonwood ragjener
and conditions iIMETO. The study examined the feasibility of proposed restoration actions and
characterized the condition of mature cottonwoods in the Belle Fourche campground in DETO.

Data collected in DETO as part of a protocol developmergdomling herbaceous plant
communities for various community characteristics (Symstad et al. 2006) provide information
about plant species richness in some plant communities. Primary data contributing to current
plant species lists come from Marriott (1982)d Heidel (2008).

DETO staff, along with seasahweed crewsnd the NGP EPM;Tconducs nonnativeand

invasive plant contra¢ffortsin DETO. Primary data available for this assessment W&BGIS
data and NGP EPMT annual reports. The Park staff coadisagnificant nonnative and invasive
plant control effortaisingintegrated pest management strate@ed their control efforts are
summarized in internal, unpublished annual resource management field season reports. This
information isnot included irthis assessmebecause¢he data are currently not summarized.

Current Condition and Trend

Ponderos#ine Density andDistribution

Historically, frequent, lowintensity fires acted as a community maintenance process, helping to
shape the |l andscape and | ocal ecosystems. Rec
restore the natural scene, bothesgoale édfi reut oe
ecosystems where possible through predgayri bed
human developments, and cultural and historic resources in and adjacent to DETO require that

the protection of life angroperty be primai (NPS 2004p. 4i 5).

Vegetation monitoring following prescribed fires examines percent change in grass cover, fuel
load, stand structure, species richness, shrub density, and native versus nonnative relative cover
on permanent plots within DETO (NPS 200%fihe DETO Fire Management Plan states that

current densities indicate a need to reduce overstory ponderosa pine. The plan also contains five
key goals regarding desired future conditions at DETO:
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fuel load levels consistent with low intensity fires

opercanopy ponderosa pine stands watrerstory(dbh > 15cm) tree density inrange
of 150to 250 stems/ha (6 100 stemsc) for ponderosa pine/mixédrasssavanna, and
in a range of 200 350 stems/ha (8® 140 stemsdc) for ponderosaine forest

1 nonnaive plant cover reduction with a relative increase in the native plant adver
grasses and forbs

1 meadow and forest areas in various diverse stages of development

mosaic within stands of ponderosa pines promoting habitat diwéR#RS 2004)

The currenextent of ponderosa pine is best illustrated in a map developed by Salas and
Pucherell]i (1998). The authorsdé map represent
(Platel0).

Salas and Pucherelli (1998) provide estimates of ponderosa pine déabigl0). Presumably,
these densities are estimated tree camgmgities, conducted thorough aerial photography
interpretation and grounrduthing during the mapping process. More precise measurements of
ponderosa pine density, measured as sparacre or treeperacre by dbh size class, come

from fire effects moitoring via permanent plots across DETO.

Table 10. Area of ponderosa associations by canopy density categories in DETO. From spatial data in
(Salas and Pucherelli 1998)

Ponderosa Pine Canopy Density Category*

Association

Area 0 1 2 3 4 Totals

Ponderosa Pine Complex 1 ha - 17.6 87.3 72.5 - 96.5
ac - 43.6 215.7 179.2 - 238.4

Ponderosa Pine Complex 2 ha 56.3 24.4 - - - 80.7
ac 139.1 60.4 - - - 199.5

Ponderosa Pine / Burr Oak Woodland ha - 28.2 - - - 28.2
ac - 69.7 - - - 69.7

Ponderosa Pine / Common Juniper Woodland ha 4.8 4.8
ac - 11.8 - - - 11.8
Totals: ha 56.3 57.4 87.3 72.5 - 384.9
ac 139.1 1419 2157 179.2 - 951.1

*Density: 0 = undefined, 1 = closed continuous (>60%), 2 = discontinuous (40-60%), 3 = dispersed (25 to 40%), 4 =
sparse (10-25%)

Fire effects monitoring plot data indicate that prescribed fire is successfully decreasing the basal
area and tree density (steag/of ponderosa pine forests in DETO, especially smaller overstory
trees, generall’ 25.4 cm (10 inches) dblrigure5 andFigure6). A 34% decrease in density

was realized for all trees at one year gmstn, with most of the mortality occurring in the 2

10.1 cm (1to 4 inch) and 10.10 15.2 cm (4to 6 inch) dbh classes. This is retugcanopy

densities to mimic historical stand structure, set by the Fire Management Plan (NPS 2004).
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Figure 5. Mean ponderosa pine densities (stems/ac) by size class for seven fire monitoring plots: pre-
burn and 1, 2, and 5 years post-burn located in DETO. Note the size classes (in) displayed represent the
mean of the size class range (e.g., 5 inches falls within the 4i 6 inch size class).
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Figure 6. Mean basal areas of ponderosa pines by size class for seven fire monitoring plots: pre-burn
and 1, 2, and 5 year post-burn located in DETO. Note the size classes (in) displayed represent the mean
of the size class range (e.g., 5 inches falls within the 4i 6 inch size class).

57



PlantSpeciesRichness

Plant species richness is a descriptive measure of plant community composition, usually
measured on a plot sample basis, whapre species present in a sample indicates higher species
richness. Existing data available for this assessment do not allow calculation of species richness
on a community basis. The NGPN recognizes plant camtgnoomposition as one of itgital

Signs ad is in the process of implementing a monitoring protastakting in 2011; plotwill be

read in summer 201As part of protocol development, Symstad et al. (2006) compared two
methods of vegetation sampling in NPS units to determine an effective sampling strategy for
assessing herbaceous plant community composition. One of the main objectives of this research
was to determine the number of subsamples necessary to adequately measure site parameters
such as native species covapnnativespecies cover, and native species richness. The
researchers examined sites in the following vegetation types in Dif@a@edog town,

ponderosa pine forest/woodland, and riparian foAggpendixB presents means anahges of

percent cover and species richness for the aéigattypes sampled in DETO (Symstad et al.

2006). For more information on other vegetation types examined in the various NGRMip&rk
refer toAppendixC.

According to the certified plant list for DETO, 376 spe@espresent in the park,64probably

present in the parland41 unconfirmed species in park (NPS 2007b). Nonnative plant species

(49 total) represent 12.5% of the total species preseneipark. However, 24 native and 22

nonnative plant specieseconsidered probably present in park. There are 30 native species, 5
nonnative species and 6 species of unknown nativity unconfirmed in the park. N&Pilsin

the process of making someg@stments and additions to the plant species. Ten additional

species found during a survey for plant species of concern (Heidel 2008) are in the process of
being certified, and other speciesd statuses
from probably present in park to present in park.

Heidel (2008)originally conducted a botanical surviylocateplant species of special concern

on the Wyomingstate species of concern listDiETO (Table11). The surveys found fouf the
targetedspecies and added one other species of concern not originally targeted, rabbit tobacco
(Filago prolifera). During the survey for the species of speca@icern, Heidel (2008) found 12
additional species. Hei del (2008) suggests th
compl ements its recogniptll)®@BETOxmtaiaed 50®HY% of tha a | mo n
1,023 species known from Crook Countyyoming, in 2001. The author also suggests that the
eight target species of concern represent fdApo
failure to relocate two specigsrairie violet Yiola pedatifidg andwhorled milkweed Asclepias
verticillata)Aii s si gni f i c &Pratievioletiday hatdecbeen @lithifa8ibm its

original DETO locationby encroachment of leafy spurge, natural succession, or management

efforts such as chemical herbicide spot treatments (Heidel 2008).
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Table 11. Plant species of special concern at DETO. (Reproduced from Heidel 2008). This includes both Heidel (2008) targeted species and

previous target species.

Scientific Heritage Fed.
Name Common Name Tracked® Relocated Rank Status County(s) Managed Area
Asclepias Whorled milkweed Yes No G5/S1 None Crook DETO
verticillata
Carex emoryi Emoryds se Yes Yes G5/S1 None Crook, Goshen, Platte? DETO Fort Laramie NM,
Rawhide Wildlife
Management Area
Dichanthelium Wil coxds p No NA G5/S2 None Crook, Weston Black Hills National Forest,
wilcoxianum DETO, Newcastle BLM
Elymus Hairy wild-rye Yes Yes G5/S51 None Crook Black Hills NF, DETO,
villosus Newcastle BLM
Filago prolifera  Rabbit tobacco Yes Yes -New G5/S1 None Crook, Natrona Platte DETO
Glandularia Dakota vervain Yes Yes G5/S1 None Crook, Fremont DETO
bipinnatifida
Helianthemum Plains frostweed Yes Yes G5/S1 None Crook Black Hills National Forest,
bicknellii DETO, Newcastle BLM
Oenothera Cut-leaved evening-  Yes Yes G5/S1 None Campbell, Crook Black Hills NF, DETO
laciniata primrose
Verbesina Cowpen crownbeard No NA G5/S2 None Albany, Campbell,
encelioides Converse, Crook Goshen,
Platte, Sweetwater
Viola Prairie violet Yes No G5/S1 None Crook Black Hills National Forest,
pedatifida DETO, Newcastle BLM?
'Pl ant species that are currently tracked as s peftracked® odolcommer n ( Hei del

Heritage Rank Codes and definitions

C - uncommon; apparently secure in state but warrants monitoring; may be localized or declining. (1986)
U - status undetermined; possible rare, declining or extirpated in state; more information needed. (1986)
(p) - peripheral: a species whose occurrence in SD represents the edge of its natural range. (1986)

S3 - vulnerable - Vulnerable in the nation or state due to a restricted range, relatively few populations (often 80 or fewer), recent and widespread declines, or

other factors making it vulnerable to extirpation.
S41 Apparently secure (2011)
SNRiT not ranked by state (2011)

2007)

G5 - Demonstrably secure, though it may be quite rare in parts of its range, especially at the periphery All species ranked S1 are known from 5 or fewer extant, well-

documented occurrences and are potentially vulnerable in the state.
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The abundance and diversity of nonnative plants (both absolute and relative to native species)
relate to plant species richness and are disc
di stributiono secti on ( rdenee abdaliveosity)ofnonfdive plantsc r e a
affect plant species richness, initially creating a biased or misreprdssetall richness athe

native plant community.

NonnativePlant Density andDistribution

The overall density of nonnative invasive planess categorized primarily as light density (85
50% cover)during NGPEPMT fieldwork in 200§ NPS 2008). However, some speciese
widely distributed acrosBETO. Wood and Rew (2005) survey4d0 ha (1,039 acy 7% of
DETO)in 2003and found that 58 67% of the surveyed area was infested with at least one,
sometimes severdhrgetechonnativespecies Table12). A list of targeted species as
categorized by Wood and Re®005) is highlighted ilA\ppendixD.

Table 12. Land area surveyed, infested, and uninfested with at least one of the eight targeted nonnative
plant species in DETO. (Wood and Rew 2005)

Estimated ha (ac) Estimated ha (ac) low* Estimated ha (ac)

high*
Survey area 529.7 (1,308.9) - --
Cumulative infested area 504.4 (1,246.3) 375.0 (962.7) 652.4 (1,612.2)
Total infested area 333.7 (824.7) 313.6 (774.9) 354.4 (875.8)
Uninfested area 196.0 (484.3) 216.1 (534.0) 175.3 (433.1)

*Low and high ranges are based on standard error calculations, accounting for potential uncertainty in area

associated with mapping. The original data were reported in acres; hectares added and rounded to the

nearest tenth ha.
According to the NGP EPMT, the highest priomiynndive species for control in 2008 in
DETO were leafy spurge, Canada this@a$ium arvensg houndstonguedynoglossum
officinale), common mullein{erbascum thapsysRussian thistleSalsola tragu) biennial
thistles [Scotch thistleqnopordumacanthium and musk thistleGarduus nutang, bull thistle
(Cirsium vulgarg, cheatgrassBromus tectorun smooth bromeBromus inermis Kentucky
bluegrass, and tumbling musta®igymbrium altissimuiin.) (NPS 2008). Wood and Rew
(2005) found extensivareas of leafy spurge and houndstongsigvell aother widespread
nonnative species including cheatgrass, Canada thistle, and smooth Daied ).
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Table 13. Nonnative plant composition of survey area in DETO. (Wood and Rew 2005)

Estimated ha Estimated ha Estimated ha

Species (scientific) Species (common) (ac) (ac) Low’ (ac) Highl
Bromus inermis smooth brome 13.3(32.8) 7.3 (18.0) 22.2 (54.8)
Errf’(;?“ijcsutsecmr”m and B. jggzagrszsmzfe 104.5 (258.2) 84.1 (207.8) 131.3 (324.5)
*Carduus nutans musk thistle 1.7 (4.2) 1.1 (2.8) 2.8 (6.9)
*Cirsium arvense Canada thistle 23.5(58.1) 15.0 (37.1) 34.9 (86.3)
Cirsium vulgare bull thistle 0.2 (0.4) 0.2 (0.4) 0.2 (0.5)
*Cynoglossum officinale houndstongue 50.0 (123.5) 29.9 (73.8) 77.1 (190.5)
Euphorbia esula leafy spurge 281.8 (696.8) 229.9 (568.5) 344.7 (852.4)
*Onopordum acanthium scotch thistle 0.3(0.7) 0.3(0.7) 0.3(0.7)
Salsola tragus Russian thistle 0.0 (0.1) 0.0 (0.2) 0.0 (0.2)
Verbascum thapsus common mullein 28.9 (71.5) 21.6 (53.4) 38.5(95.2)

Totals:  504.2 (1,243.3)  389.4(926.7)  652.1 (1,612.2)

*Currently on the State of Wyoming Designated Noxious Weeds List.

Low and high ranges are based on standard error calculations, accounting for potential uncertainty in area
associated with mapping. The original data were in acres and were converted to hectares rounding up to the
nearest tenth ha.

In 2009, theNGP EPMT inventoried 53.9 ha (133 ac) and along with park resource staff sprayed
14.2 ha (35 ac) of leafy spurge at DETO, focusing effoasgthe Belle Fourche River, the
campground, and along the road to the maintenance shop (NPS 2009). NPS (2009) noted that the
areahadsignificantly reduced densities of mature leafy spurge plants along the riparian area
compared with the past several yearhen, in 2010, thdGPEPMT anda crew from the

Conservation Corps of Minnesota treated over 43.7 ha (108 ac) of leafy spurge and cheatgrass
(NPS 2010pnthe same areas as the 2009 inventory and treatment and also along the Tower
Trail.

A total of 376 plant species have been certified as present in the park (NPS 2004). Of this total,
49 plant species are nonnative (13% of the total species). Howeveramneamgonfirmed

species and species considered probably present in the most eztibat @lant list for DETO.

There are 5 nonnative and 30 native unconfirmed plant species and 22 nonnative and 24 native
species considered probably present. Adding the number of the probably present and
unconfirmed species to the number of species pta@sark, there are 76 nonnative species

(17% of the total 456 species) and 380 native species (83% of the total 456 species). DETO
management considers 12 of the nonnative plant species found in the monument to be
management priority species; all excepinmon burdockArctium minu} are considered weedy
(i.e., invasive Table14) (NPS 2010).

DETO managers utilize multiple methods to treat nonnaitsive plants, including chemical,
biological, manual, and cultural controls (NPS 2004). Biological controls began in 1998 with the
release of flea beetlédphthonaspp.)over several years to control leafy spurge. In 2002 and
2003,more tharonemillion beetles were released each year. Chemical spray treatments began in
2000 and continue today along with manaradlmechanicatreatmentsTable14). DETO

61



resource staff and seasonal weed crews also treated areas with fire, chemical, mechanical, and
biological methods; these data are not reflecizole 14.

Table 14. Area of invasive plant survey and control treatments in DETO, 20007 2010 (years 20007 2008
GIS data from NPS data store, 2009 from NPS 2009, 2010 from NPS 2010).

Hectares (ac) by control measure % of Area
Surveyed area ha Treated vs.
Year (ac) Biological Manual Chemical Total Surveyed*
2000 unknown -- - 28 (70) 28 (70)
2001 -- -- -- -- --
2002 80 (197) 23 (57) - 32 (79) 55 (136) 69
2003 119 (295) 21 (53) 0.4 (1) 160 (395) 182 (449) 152
2004 247 (610) - - 150 (370) 150 (370) 61
2005 154 (380) - 39 (96) 78 (192) 116 (288) 76
2006 303 (748) - 4 (10) 116 (287) 120 (297) 40
2007 -- -- -- -- -- --
2008 225 (556) - - 48 (118) 48 (118) 21
2009 54 (133) - - 14 (35) 14 (35) 26
2010 89 (221) - - 44 (108) 44 (108) 49

*Some areas receive multiple control methods, therefore this number may exceed 100% in years
where multiple treatment methods were employed. No t e : Aunknowno refers
unknown acreage of control or survey activity occurred that year and a dash (--) indicates that no
activity occurred that year as indicated by data.

A majority of the48 ha (18 ag wastreated with chemicals in 20@8target leafy spurger@ble

15). In 2009, theNGPEPMT and DETO staff focused all of its efforts on leafy spurge, spraying
plants along the eastern side of the Belle Fourche River, the campground, and along the road to
the maintenance shop (NPS 2009). In 2009NG® EPMT noted a significant reduction in

mature plant densities along the riparian area. In 20bfe thart3 ha(106ac) of leafyspurge
weretreatedoy NGP EPMT. DETO resource staff and seasonal weed crews also treated a large
areaof invasive plants in 201802 ha [748 ag] These efforts we primarily treatments of leafy
spurge using chemicals baisoincluded mechanical removal, biologigatroductionsand the
introduction of fire fo other invasive plants speciesDETO. In addition, DETO staff focused

on Canada thistle, hounds tonggemmonmullein, bull thistle, and musk thistle along roads,

trails, riparian areas, and heavily used areas.
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Table 15. Area of chemically treated nonnative plants by species and density. (NPS 2008).

Density
Nonnative species Trace Light Moderate Heavy Total
(0-25%)  (25-50%) (50-75%) (75-100%)
ha - -
bull thistle 0.002 0.004 0.004
ac 0.006 0.011 - - 0.011
ha - -
Canada thistle 0.019 0.015 0.033
ac -- -- 0.047 0.037 0.084
. ha 0.006 - 0.005 - 0.038
common mullein
ac 0.006 -- 0.012 -- 0.094
ha 0.010 0.002 0.072 0.075 0.148
houndstongue
ac 0.024 0.004 0.178 0.183 0.365
ha 1.444 45.030 1.224 0.027 46.281
leafy spurge
ac 3.569 111.272 3.024 0.067 114.363
_ ha 0.005 - -- -- 0.005
Scotch thistle ac 0.012 - - - 0.012
Totals: ha 1.464 45.036 1.320 0.116 46.510
ac 3.617 111.287 3.261 0.286 207.948

Leafy spurge was first documented in Massachusetts in 1827 and then made its way to Wyoming
circathe 1970s (Anderson et al. 2000). One of the mash@dmnt invasive species in the

Northern Great Plains, it creates dense stands that displace native plants (Anderson et al. 2000).
Anderson et al. (2000) state tUhaSt. of Laenadf yi tshpeu rb
can hope to do is reduce its iIimpact bel ow eco
10). However, the authors suggest that a broad set of measures, including biological, ecological,
scientific, economic, political, and cal, can define control success, and the most success will

be obtained by using biologicalbasedintegrated pest management (IPM) strategies.

In July 1999researchers examined hyperspectral images to detect areas of leafy spurge in
DETO (ParkerWilliams andHunt2004). Jay et al. (2009) suggest that low cost hyperspectral
image analysis techniques are promising in the detection (remote sensing) of invasive species.

CottonwoodRegeneration

Tinker (2008) conducted a study to assess the curoewlition of riparian areas in DETO,
specifically focusing on the regeneration of the native plains cottonwood. The author examined
152 cottonwoods in the campground area of DETO. Core samples were taken from 59 mature
trees, but only 21 cores were fre@egh from rot to measure trage. Tinker (2008) found the
average tree age was 112 yearsl 14treeswereolderthan 100 (range 51 to 209). Tinker
(2008)concluded that, with this high average age and the amount of core rot, many of the trees
inthecappgr ound Amay die i n tm8&. Theauthor alsacategorieced ( Ti n
the condition of the trees using claseas(bes) to three(wors) (Table16). The majority of

trees 74%,were determined to be in class two, 15% were categorized as class one, and 11%
categorized as class three.
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Table 16. Tree condition ranking criteria for each mature cottonwood tree measured in the Belle Fourche
Campground. Trees ranked as condition class 1 were considered to be in the best condition, those
ranked as class 3 were considered to be in the worst condition. (Tinker 2008)

Tree condition Branching pattern Crown depth Crown width

1 Complex >50% of tree height >75% of tree height

2 Moderate 251 50% of tree height 501 75% of tree height
3 Minimal <25% of tree height <50% of tree height

Planting efforts to increase cottonwood abundance along the Belle Fourche River have been
mostly unsuccessful. Tinker (2008) noted that plantings of seedling and sapling sized trees
outside the floodplain may not have enough subsurface water to develaghantrees planted

in the floodplain were not sufficiently enclosed to prevent browsingeapdriencedigh

nonnative plant competition.

Threats and Stressor Factors

Ponderosa pine density and distribution increased directly due to years of firessigrpaad

indirectly due to past cattle and sheep grazing in the area. In addition to these broad plant
community changes, high tree stocking levels and high stand density indexes of ponderosa pines
(especially larger diameter trees) are of concern bethegeeduce tree vigor (Nefgr and

Popp 2004). The reduced tree vigor creates an opportune situation for insect development and
spread, specifically increasing the potential for higher levels of tree modailised by bark

beetles Dendroctonuspp.) (NegrénandPopp 2004)Today, managers using prescribed burns
seek to mimic natural forest and prairie fire regimes, keeping the ponderosa pine expansion in
check over time and reducing the risk of broad insect infestations, such as those caused by bark
bedles.

Cottonwood regeneration is nearly nonexistent along the Belle Fourche River in DETO. A large
earthen dam constructed on the Belle Fourche River ini1952 created th@,000acre

Keyhole Reservoir approximately 30 km upstream of DEB@réau ofReclamation 2010 This
changed the Belle Fourche River's hydrograph, suppressingvaigh events that cottonwood

trees rely on for new seedling establishment (Tinker 2008). In addition, Tinker (2008)
determinedhat some natural factorsych agperiodsof drought and river channel movement
overtime, may be limiting cottonwood regeneration in DETO. Drought inhibits the ability of
cottonwoods to regeneratnd river channel movement removes current stands from areas
where flooding could occur, subseqtlgieaving established trees without access to high water
tables found within current floodplains (Tinker 2008).

Nonnative plants, particularly invasijeare stressors to native plant communitid@nnatives

replace native species atigrebyalter commuity composition and diversity (taxonomic and
genetic) vegetation structuréuel dynamicsand thereforgfire regime. Given the current suite

of invasive species and native vegetation at DETO, the effect of invasive species on native plant
communitieds more likely due t@hanges in community composition and diverssher than

the others.
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Data NeedandGaps

Species richness at a plot scale is a parameter that will be measured as part of an herbaceous
plant community composition monitoring protodxyl the NGPN. However, this protodslin its

early stages of implementation, with plots being read starting in summer 204tindg=data do
notindicatewhether richness is increasing, decreasing, or stabiedicatethe suitable

reference conditiorof this parameter.

DETO has an ongoing program attempting to replace large stands of nonnative grasses
(especially smooth brome) with native species via prairie plantings. An assessment or reporting
of the results of various efforts, including those recwmnded by Redente (1993), will help

create a better understanding of condition of native plant communities and future restoration
activities to engage in by DETO resource management.

In 2003, Wood and Rew (2005) noted extensive infestations of annual rasses and
houndstongue in their 2003 survey; although houndstongue is treated by management practices,
no managemerdurrentlytarges annual brome grasses. Most effort, in terms of inventory and
control is focused on highly invasiveonnative plant gries, while other species are not treated

or inventoried. Therefore¢he relative density and diversity nonnative plants not understood

across the landscape.

Overall Condition

Ponderosa pine conditions (density and distribution) are of low to mtedssncern in the park
primarily because dramatic changes have been observed in ponderosa pine densities and
landscape coverage from 1874 to 1974 in the Black Hills (Progulske 1974). McAdams (1995)
showed that treestb 20 cm (0.40 7.9 inches) diamet@ncreased in density and basal area in

Black Hills forests from 1874 to 1995. Specific historic measurements of pine density and extent
are uncalculated within DETO, so quantitative comparison is not possible. Efforts to reduce
overstory ponderosa pinerdaty are ongoing, primarily with the use of prescribed fires and

some mechanical thinning. Fire effects monitoring indicate that prescribed fires have reduced
density and basal area of trees in smaller diameter classes (gen2sadlym[10 inche$ dbh),

but they have had little effect on overstory density. Based on rough canopy density
categorization byhe mapping unit in Salas and Pucherelli (19%proximately 17 ha (43 gc

or 41%, of the ponderosa pine forestonsidered to be a closed canoggwever, a significant
portion of the ponderosa pine map units in Salas and Pucherelli (1998) have an undefined canopy
density Plate10), thereby complicating the assessment of pine densities compared to reference
condition.

Symstad and Bynum (2007) provide a comparison of 1900 Black Hills forest structure across a
wide rangeof locations with recent (2004) stand structure measured in stand level examinations
in Mount Rushmore National Monument. Symstad and Bynum (ZQdre 3 providetree

density by diameter class from Brown and Go@R006) 190@lack Hills information.The

density of trees in various size classes described by the fire effects monitoringigiatas)

appears to be roughly similar to that of thedns (prefire-suppression) forest structure

displayed bythesedata. This may suggest that current DETO forest structure, at least in areas
that have had prescribed fire treatments, may be similar to historic forest structure used as the
reference condin for this assessment.
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The condition of plant species richness aci@E3 O is unknown, given limited parkide data.

Also, many species on the currently list of native and nonnative plants are considered probably
present or unconfirmed, complicating tinederstanding of current plant species richness across

the monument. However, an indication of species richness in DETO is provided in Heidel (2008)
with a statement that DETO fihas an exceptiona

The condition of nonnative plant species slgnand distribution is of moderate concern. While a
return to a landscape completely free of nonnative plant species in DETO is an unrealistic
expectation, invasive nonnative plant control efforts continue every season. Eleven nonnative
species are cordgred to be weedy by DETO resource management (NPS 2010). Leafy spurge is
currently the most widespread and significant invasive plant in DBased on the relative

number of acres where it is found and the number of acres treated with biological, themica
manual methods. The NGP EPMT noted significant declines in mature leafy spurge plants in the
riparian areas of the DETO during 2009 (NPS 2009), and in 28ifhiicant area (100 ag of

leafy spurge was chemically treatétbwever, evidence for deictions of other nonnative

invasive species is scarddeidel (2008)elieveshe expansion of leafy spurge in DETSbne
possible reason for néihding (relocating prairie violet a species of special concern in DETO.

According to the most recent certified plant list for DETO, 49 nonnative spediestofal 376

plant speciesreconsidered present in park (NPS 20024) native and 22 nonnative plant
speciesareconsidered probably present in park (NPS 200&)I30 native speciesh nonnative
speciesand6 species of unknown nativigreunconfirmed in the park (NPS 2007b). FinaBy,
nonnative species arfdunknown nativity specieareconsidered false reports or historic species
(NPS 2007b). NGPN stai$ in theprocess of making adjustments and additions to the plant
species. Ten additional species are in the process of being certified, and park statuses of other
species may change from unconfirmed to present in park and from probably present in park to
presentm park.

The condition of cottonwood habitat in DETO based on cottonwood regeneration is a significant
concern inlDETO. Regeneration is nearly nonexistent in and around the campground areas of the
monument (along the Belle Fourche River). Most of the nettmds are very old; recent
examination by Tinker (2008) indicated an average age of 112 years, with marhatriees

moderate or advanced rot in core samples. Restoration efforts have largely failed in past years
and Tinker (2008) recommends that futtestoration efforts include planting trees within the
existing floodplain of the river, watering them for the first 3 to 4 years, removing nonnative plant
species (especially leafy spurge), reducing damage and mortality by animal browsing by
installing tdl exclosures, and potentially monitoring residual levels of Tordon® in the soil.

Sources of Expertise
Mark Biel, DETO Chief of Resource Management
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Source: Salas and Pucherelli 1998.
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Plate 10. Pondera pine extent and density (estimated canopy density) (Salas and Pucherelli 1998).




4.3 Prairie Falcon

Description

Theprairie falcon is a mediursized, migrating raptor. In Wyoming, this species nests in April
with clutch sizes of four to five. Incubation is roughilynonth, mostly conducted by the female;
males gathefood. At DETO, falcons nest on ledges or in crevassd3emils Tower, with no
affinity to aspect. They also nest in the sandstone cliffs around the HaeeilsfTower.

Measures
1 Changes in nesting activities
1 Nesting success and/or population status

Reference Conditions and Values
The reference condition farairie falconswithin DETO is successful nesting and fledging. The
extent of prairie falcon use BETO prior to settlement in the area is unknown.

Data and Methods

DETO staff provided théterature for this assessment, although sources were limited. No
datasets were available regarding this species. Expert knowledge was used to supplement the
data and literature deficiency for this species.

Current Condition and Trend

Nesting and PopulatioStatus

Devils Tower is likely one of the prime nesting locationsgmairie falcons in the area (Panjabi

2005). Climbing routes in the immediate vicinity of the active ne®e@uils Tower are closed

during the nesting season to protect the nestingrialas well as to protect climbers that may
venture too close to the nest, as the falcons are known to aggressively dive and attack to protect
their site Britten (1993) noted that the earliest recorgbraiirie falcons nesting obevils Tower

was 1972 04973. Between 1972 and 2005, various records irelggairie falcon nesting at

Devils Tower (Britten 1993)Since 2005, onprairie falcon neshas been confirmeat DETO

each yeafM. Biel, pers. comm.2010.

Threats and Stressor Factors

Land cover chage, development, and increased recreational use pteage falcons both

locally and rangeavide. Disturbance is a stressor that specifically applies to DETO. As
mentioned previously, DETO staff alleviates disturbance by closing specific climbing neates
active nest sites. However, peopknghiking trails arounddETO on a daily basis malyave
some effect.

Data NeedsindGaps
Becauseorairie falcon use at DETO is minimal, there are few data needs. Examining the
relationship between human presence @mairie falcon nesting habits could help develop ideas

toencourage x panded nesting use anednanagepacreiamandhe par

resource needs in the future.
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Overall Condition

Prairiefalcon nesting @DETO is minimal, butone nestig pair has been documenteach year

since 2005How this compares to historical uiseunclear Panjabi (2005) suggests ti#ETO is

prime nesting habitat for the geographical area and the limited use is discouraging. However, it is
unknown ifDevils Tower is large enough to support more than one nesting ppraofe falcons

per breeding seasoN( Biel, pers. comm.2010Q.

Sources of Expertise
Mark Biel, DETO Chief of Resource Management
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4.4 Birds
Description

Bird populations oftenacsa excel | ent i ndicators of an ecosy

1998, NABCI 2009). Birds are typically easy to observe and idetiiy bird communities

often reflect the abundance and distribution of other organisms with which they exist (Blakesley
et al.2010. The 545 la (1,347 ac) of DETO are covered with pine forests, woodlands,
grasslandsprairie dog towns, and the 386(1,267 ft) tall Devils Tower (NPS 2010). This

gradient of habitats and landforms across the park provide the birds of DET&eweral

unigue niches. Monitoring avian population health and diversity in these habitats will be
important for detecting ecosystem change.

Measures
1 Speciesichness
1 Density
i Abundance

Reference Conditions and Values
Reference condition for DETO birds is defined as the current diversity, richness, and
distribution.

Data and Methods

The NPS Certified Species List for DET@éilable online through NPSpecj@PS 20@7) was
used for this assessment. Limitaattherngoshawk Accipitergentilis) datafor this assessment
were also provided by Mark BidDETO Chief of Resource Management.

Rocky Mountain Bird Observatory (RMBO) Monitoring

From 20020 2004, RMBO staff establishedsgpoint transect in a ponderosa pineskt along
Tower Trail to determine density estimates for trend monitoring in DETO (Panjabi 2005). In
2003, this transect was reconfigured and extended to 15 points. The transect started at the
northwest corner of the park and systematically covered tigefpiest habitat, making frequent
turns to survey the forest irrespective of roads and trails (Panjabi 2005).

Current Condition and Trend

Species Richness
Currently, there are no data regarding species richness in DETO. Without established annual
surveysand monitoring programs this measure cannot be described.

Species of Conservation Concern

The Wyoming Partners in Flight (PIF) developed the current list of priority bird species in the
state based on a combination of criteria in the national PIF prdaiabase (Carter et 4997).

A Level | Priority Species is defined by Nicholoff (2003) as a species that

eclearly needs conservation action. Decl
be significant. Includes species of which Wyoming has a hegbeptage of and
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responsibility for the breeding population, monitoring, and the need for additional
knowledge through research into basic natural history, distribution, etc.

In DETO, there are five level | Priority Species confirmed in the peabkle17).

The Wyoming Natural Diversity Database (WYNDD) (Keinath et al. 2003) also developed a list
of animal species of concern in Wyomifigis list summarzed information on species in

Wyoming that are rare, endemic, disjunct, threatened, or otherwise biologically sensitive
(WYNDD 2008). In DETO, six species are listed on the WYNDD species of concerfidide(

17).

Beginning in 1991, PIF began assessing species to provide consistent, scientific evaluations of
conservation status across all bird species
population size, distribution, population trend, threats, and regional abundance to generate
numerical scores that rank the species in terms of its biological vulnerability and regional status.
The RMBO maintains PIF assessment data and organizes the gpeaigsographic scale using

Bird Conservation Regions (BCR#)e accepted planning unit for updated regional bird
conservation assessments under the North American Bird Conservation Initiative (NABCI)
(RMBO 2005).DETO is part of BCR 17 (The Badlands and Prairies), and 16 species are listed
by the PIF as Specie$ Regional Importancer@blel17).

Table 17. Status designation for bird species of conservation concern confirmed in DETO.

Species Level |'* WYNDD SC 2 PIF SRI °
Northern goshawk X X X
Golden eagle X
Swainson's hawk X X
Northern harrier X
Bald eagle X X

White-throated swift X
Pinyon jay X

x

Black-billed magpie

Peregrine falcon X X
Vesper sparrow

Western meadowlark

Northern rough-winged swallow

Mountain bluebird

Sharp-tailed grouse X

Red-headed woodpecker

Lewis's woodpecker X

X X X X X X X X

Black-backed woodpecker X
Three-toed woodpecker X
Say's phoebe X

! Level 1 = Wyoming Partners in Flight Level 1 Priority Species (Nicholoff 2003)
2WYNDD SC = Wyoming Natural Diversity Database Species of Concern (Keinath et al. 2003)
% PIF SRI = Partners in Flight Species of Regional Importance (http://www.rmbo.org)
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Species of Management Concern

As described in the NPS Certified Species List, dindyprairie falcons a primary management
concern for DETO. At DETO, falcons nest oddes or in crevasses Bevils Tower, with no
affinity to aspect. They also nest in the sandstone cliffs around the base of the Tower.

Climbing routes in the immediate vicinity of the active nesbenils Tower are closed during

the nesting season to peot the nesting falcons as well as to protect climbers that may venture
too close to the nebecausehe falcons are known to aggressively dive and attack to protect
their site. Since 2005, omeairie falcon neshas been confirmeat DETO each yeaprior to

2005, reports oprairie falcon nestingre sparséM. Biel, pers. comm2010.

Density
RMBO staff used pointransect survey routes during three annual surveys from 2002 through

2004 to estimate density of birds in DETO (Panjabi 2005). O8Sepeciegdetectd, three
species were observed frequer@hough to generate estimates of density for trend monitoring
(Panjabi 2005). Number of observed birds per year ranged from 104 to 209 individuals. This
large fluctuation in recorded number of birddikely due to the reconfiguring of routes in 2003
to accommodate for more dffail survey transectd @ble18).

Table 18. Density estimates for three DETO bird species during RMBO bird surveys from 20021 2004
(Panjabi 2005).

Density Estimate

Species Year (birds/ha)
American robin 2002 1.00
(Turdus migratorius) 2003 1.14
2004 1.31
Yellow-rumped warbler 2002 0.34
(Dendroica coronata) 2003 0.47
2004 0.54
Chipping sparrow 2002 0.23
(Spizella passerina) 2003 0.59
2004 0.55
All birds 2002 7.98
2003 6.48
2004 8.48

Determining trends in density patterns is diffidodicauseurveys only occurred once a year for

3 years. However, the average annual density of all breeding birds combined provides an index
for monitoring the overall health of the avifauna at DETO. The estimates gathered by RMBO
suggested that 1® 14 years of annual sampling should be adequate ndifigldiscernable

trends in species density (HammdPanjabi 2004Panjabi 2005).

Abundance

Currently, there are no data regarding species abundance in DETO. Without established annual
surveys and monitoring prograntis measure cannot be accuratelgalbed.
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Expected Bird Species

According to the NPS Certified Species L5 speciesrom 36 familieshave beemeported in
DETO, and 1D of those species are confirmed sightings within DETO bound@tieS 2@7)
(Figure?).
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Figure 7. Status of bird species in DETO based on the NPS Certified Species List (NPS 2007).

Northern Goshawk Monitoring

During the 2007 nesting seas®ETO attempted to monitaortherngoshawk nest locations

and reproductive success. NPS staff used a broadcast acoustical survey to elicit a response from
goshawkdy broadcashg a recording of an alarmr distress call. In addition to acoustical

surveys, intensive nest searches were also perfotimddocumented single juvenile birchear
DETOO6s we s,butthesax ofdha birg was not determined (John Wrede, pers. gomm.
2010.

Reports of annual goshawk observations and potential nest sitesniorthwest quadrant of the
park near Joyner Trdilave been fairly consistentpWwever, prescribed burns in the park have
altered potential habitat sites in DETO. The northwest quadrant of théamhek prescribed burn
that opened the canopy and cesbsecondary and tertiary habitat.

Threats and Stressor Factors

One of the major threats facing bird populations across all habitat types is land cover change
(Morrison 1986)Altered habitat can compromise the reproductive success or survival rates of
species adapted to that habitat. Being home to a-ackey of habitat types, DETO may offer
refuge to several habitapecific species. Land cover change could alter the species composition
of the park.

Data NeedsndGaps

Annual bird surveys, such aseeding bird surveys (BBS), Christmas bird counts (CBC), or
continuation of the RMBO survey transects would allow initial assessment of current species
richness, density, and abundance. Without monitoring in the park, these measures cannot be
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determinedAnnual surveys would also help to monitor the current abundance of priority species
within park boundaries. NGPN sampling and monitoring of birds in the NPS units will also help
to assess the current condition and trends of the birds in DETO.

Overall Condiion

DETO is home to one of the most diverse birding areas in the area alvsetowef

development and agriculture activities. All birds, whether breeding or migratory, use the park
lands M. Biel, pers. comm.2010; however,becaus&o annual bird surveysave been

conductedn the park, a quantitative evaluation of condition of birds in DETO cannot be
completed at this time. While the NPS has an exhaustive record of confirmed species in the park,
this list does not allow estimatesaurrent species richness, density, or abundamicieh arethe
NPSspecified measures for birds in DETO. Annual monitoring of the populations in the park

will providea more accurate assessment of these parameters.

Sources of Expertise
Mark Biel, DETO Clef of Resource Management
John Wrede, NGPN Biological Science Technician
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4.5 Prairie Dogs

Description

Black-tailed prairie dogshereafter prairie dogs, are stout, burrowing rodentsot@atpy
approximatelyl2.1to 16.2 ha (3@o 40 ac)in southeastern DETO (NPS 2000¢lany species
depend on prairie dogs for food, use of their burrows, and other reasons (Antolin et al. 2002).
From 1989 to 1999, the estimated prairie dog population in DETO increased frord®a. t
individuals(NPS 2009b, 2009c). This population increase caused concern for public health
because @irie dogsareknown to carry sylvatic plagughich canbetransferedto humans
through contact with an infected individual or their fleas (NPS 20D0%n environmental
assessment of the issue determined that removal of prairie dogs from high visitor use areas was
the best course of action to alleviate health risks (NPS 2000Db).

Measures

1 Populatiomnumber andlistribution

Reference Conditions and Values

The reference condition for the DETO prairie dog colony is the size of the colony in the recent
era. This is interpreted as prairie dog populations following natural variance, unimpacted by
plague or other stressors.

Data and Methods

DETO staff providediata for this assessment, including spatial data (GIS shapefiles) and
spreadsheets with population information. They also provided literature explaining the
management practices at the park. In some instances, data were compiled for analysis, otherwise
daa were not manipulated.

Current Condition and Trend

Population Number and Distribution

DETO contains ongrairie dog townlocated in the southeast. The prairie dog town is a popular
stopfor DETO visitors because of its easy access (the entrance roeakapately bisects the
prairie dog town) and the abundance of animals. The prairie dog town is bordered on the west
and south bYDETO and its access road. The size of the prairie dog town, sampled on 12
occasions using both GPS and aerial imagery, hagdangm4.49 to 20.8 ha (11tb 51.4 ac)

(NPS 2009aPlatelli Plate23). The most recent estimate2010 was16.7 ha41.4ac) (Table

19).

DETO staff membes perform weekly prairie dog population trend counts yearly. From 1989 to
1999, the estimated size of the prairie dog population increased from 61lital®@fuals Since
1999, the prairie dog population estimates have fluctuated but seem stabl€d, range 286
1187). The most recent population estimate in 2009 wasFgarés).
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Table 19. DETO prairie dog town size for all sampled years, 19741 2007 (NPS 2009a).

Year Area (ac) Area(ha)
1974 514 20.8
1985 42.9 17.4
1992 11.1 4.5
1995 22.5 9.1
1996 30.3 12.3
1999 34.8 14.1
2001 40.2 16.3
2002 37.0 14.9
2003 39.9 16.1
2004 40.7 16.4
2006 38.0 15.3
2007 35.0 14.1
2008 42.8 17.3
2009 41.3 16.7
2010 41.4 16.7
Average 36.6 14.8
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Figure 8. Prairie dog population estimates for the prairie dog town in DETO (NPS 2009b, 2009c).
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Management
In the late 1990s, an increase of the DETO prairietdagé area and population caused

concerns over visitor health and safety (NPS 2000c); in response, an Environmental Assessment
(EA) was performedhatoffered three management alternatives to control the DETO prairie dog
town: Alternative A no action Alternative B live
trapblack-tailed prairie dogs and provide them to
theblack-footedferret(Mustela nigripes)
reintroduction prograrand Alternative C
eradicateencroachingolack-tailed prairie dog
population (NPS 2000a). Alternative B was the
acceptd management strategy because it offered« =
long-term and more humane solution than the oth
alternatives (NPS 2000c). :

Implementation of the management strategy begé
immediately after its acceptance. Memorandums |
from 2001 through 2006 outline prairieglo
management accomplishments:

2001(NPS 2001)

1 Construction of a visual barrier between
administration and the existing prairie dog
town beganSkunkbush Rhus trilobata,
rubber rabbitbrushGhrysothamnus
nauseosuys and $irubby cinquefoil
(Potentilla fruticosa (145 plants) were
planted and a game fence was put around
them for protection

Photo 1. Black-tailed prairie dog (Cynomys
ludovicianus) (GeoSpatial Services 2009).

1 A silt fence was erected at the proposed site
for the permanent visual/physical barrier.

1 Three areas were mowed to enhance desirable prairie dog habitat and ease population
pressure from the campground and picnic area.

1 Open holes in Loop A of the campground were closed with a mix of gravel amaddlirt
campgroundnowing was stopped tdeter the prairie dogs.

2002(NPS 2002)
1 The town was monitored for evidence of any massivefig an indication of sylvatic
or bubonic plagué€Yersinia pestis

1 Construction of a permanent barrier between the administrationriguédid the existing
prairie dog town was suspended pending an EA.

2003(NPS 2003)
1 Areas mowed in 2001 to enhance desirable prairie dog habitat were mowed again.

83



l

The town was monitored for evidence of any massivefige an indication of sylvatic
or bubamic plague.

2004(NPS 2004

T

The silt fence was removed in spring of 2004, which resultda@eholes in the trailer
drop area.

The town was monitored for evidence of any massivefig an indication of sylvatic
or bubonic plague.

2005(NPS 2005

T

26 prairie dog burrows were closed, 24 in the amphitheatre area andltamp of the
campground.

The town was monitored for evidence of any massivefig an indication of sylvatic
or bubonic plague.

2006 (\PS 200%

T

To accommodate for DET@entennial events, many areas adjacent to roads were
mowed and trapping and relocation was necessary to keep prairie dogs out of these areas.

The town was monitored for evidence of any massivefig an indication of sylvatic
or bubonic plague.
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