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Executive Summary

The Natural Resource Condition Assessment (NRCA) Program aims to provide documentation
about the current conditions of important park natural resources through a spatially explicit,
multi-disciplinary synthesis of existing scientific data and knowledgelifgs from the NRCA,

including the report and accompanying map products, will FElRO managers to develop

nearterm management priorities; engage in watershed or landscape scale partnership and
education efforts; conduct park planning (e.g., Resoumsatiship Strategy); and report
program performance (e. g., Department of the
Government Performance and Results Act).

The objectives of this assessment are to evaluate and report on current conditionsad{ key p
resources, to evaluate critical data and knowledge gaps, and to highlight selected existing

stressors and emerging threats to resources or processes. For the purpose of this NRCA, staff
from the National Park Ser viftMenegotdiFG89gSpatah d Sai n
Services (SMUMN GSS) identified key resources
The selected components inclutkural resources and processes that are currently of the

greatest concern to park managemefit#RO. The fnal project framework contairis/

resairce components, each featuroigcussions omeasures, stressors, and reference

conditions.

This study involvedxamining exisiting literature and shoot longterm datasets, as well as
expertise from NPS and other outside agency or organization scientists to provide summaries of
current condition and trends in featured resoundésen possibleasting data fothe
established measuresadchcomponents comparedo designatedeference conditions. A
weighted scoring system was appliedébculatethe current condition of the components.
Weighted condition scoreganging from zero to one, were divided intoeth categoriesf
condition low concern, moderate concern, and significant condérese weighted condition
scores help determine the overall current condition of each resdhecdiscussions for each
componentfound in Chapter 4 of thieport represent acomprehensiveummary ofcurrent
availabledata andnformationfor these resourceas well as unpublished park information and
perspectives of park resource managansg, present a current condition designation when
appropriateEach component asssment was subjected to review by THRO park resource
managers and NPS Northern Great Plains Network Inventory and Monitoring specialists.

In a number of casesath are unavailable or insufficient for many of the measures of the
featured components in thassessment. In other instances, data that establishes reference
condition were limited or unavailable for components, making comparisons with current
information inappropriate or invalid:hus, in these cases, it was not possible to assign condition
for these components.u@ent condition was not able to be determined for 10 of the 17
components (58%) due to these significant data gaps.

Forthosecomponents witimoreavailable datathe overall conditionassigned varied. For some
components, enough dagaist to determine a trend in condition over time; however, for others
the lack oflong-term or comparabldata prevented the determination of trends. Several
components were determined to be in good condition with a stable trend, including air quality,
the prairie dog population, water quality, and fire. Flooding on the Little Missouri River in the
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park was determined to have a condition of moderate concern but with a stable trend, meaning
the condition is not believed to be degrading or improving frosh ganditions. Native

grasslands and woody draws were also determined to be of moderate concern, but a lack of
historical data does not allow for designating a trend in condition over tietafled

discussion of these designations is present&hapte 5 of this report

Several threats and stressaere identified as parwide influences otthe condition of
resources in THRO. Those of primary concern include establishment-ofative and invasive
species, increased oil and gas industry developrardtair pollution, especially increased
emissions from nearby oil, gas, and poplant development.

Major changes in vegetation communities, from native to morenative species, could have a
significant impact on the animal species that use thesenoaities for habitat. A more complete
understanding of the prevalence of nmtives in the different vegetation communities
throughout the park would help managers strategize about potential management actions.

Land development around THRO is mainlyasated with the growth and eapsion of the oil

and gas industry. This development has increased exponentially in western North Dakota and
around THRO over the last decade. Such development affects different aspects of park resources
including impacts to rewsheds with the building of new structures that can be seen from various
points in the park, impacts to soundscapes with increased industrial activity and vehicle traffic at
development sites, and greater stresses to air quality from increased vehioidustrial

emissions.

This assessment serves as a review and summary of available data and literature for featured
components in the park. The information presented here may serve as a baseline against which
any changes in condition of components in canyears may be compardestablishing a

number of monitoring programs would begin to fill in data gaps for the resources viewed as
important by THRO manageasidwould help managers better understand the current state of
theseresouices throughout the ga Of thosecomponentshat had sufficient available

information current condition was determined to be either good or of moderate concern.
Understanding this can help manag@miioritize management objectives and better focus
conservation strategies.
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Chapter 1 NRCA Background Information

Natural Resource Condition Assessments (NRCAS) evaluate current conditions for a subset of
natural resources amdsourcendicators in national park units, hereaffiep a r Hordshése

condition analysethey also eport on trends (as possible), critical data gaps, and generabfievel
confidence for study finding3heresources anoshdicatorsemphasized in the project work

depend on a par ko6s resarsetawardsiep paening anchsgiencesnt at us o
identifyinghigh-priority indicators for that park, aralailability of data and expertise to assess

current conditions for the things identified on a list of potential study resources and indicators.

NRCAs represent a relatively new approach to
assessig and reportingn parkresource \
conditions. They are meant to complement, not NRCAs Strive t

replace, traditional issue and thréaised resource
assessmentés distinguishing characteristics, all

Credible condition reporting for
a subset of important park

NRCAs: natural resources and
C . indicators

{ are multidisciplinary in scopk - _
Useful condition summaries by

f employ hierarchical indicatordmework$ broader resource categories or

. . . topics, and by park areas
1 identify or develofdogical reference . P j
1 conditiongvalues to compare current

condition data again®t
1 emphasize spatial evaluatiohconditionsand GIS (map) products
f summarize key findings by park aras
1 follow national NRCA guidelines and standards for study design and reporting products

Although current condition reporting relative to logit@ms ofreferenceconditions andalues

is theprimary objective, NRCAs also report on trends for staglyindicators wherghe
underlyingdata and methods supportResource condition influences are also addressed. This
can include past activities or conditions that provide a helpful context for understanding current

1 However, the breadth of natural resources and number/type of indicators evaluated will vary by park.

2 Frameworks helpguideamult-di sci pl i nary selection of indicators and
of data for measures ] conditions for indicators ] condition reporting by broader topics and park areas.

3 NRCAs must consider ecologically-based reference conditions, must also consider 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.

4 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 that we wish to

avoid or that require afollow-on response (e.g., ecological .thresholds ¢
5 As 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.

6 In addition to reporting on indicator-level conditions, investigators are asked to take a bigger picture

(more holistic) view and summarize overall findings and provide suggestions to managers on a area-by-

area basis: 1) by park ecosystem/habitat types or watersheds, and 2) for other park areas as requested.
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park resource conditions. It also includessentday condition influences (threats and stressors)

that are best interpreted at park, watershed, or landscape scales, though NRCAs do not judge or
report on condition status per se for |l and ar
boundaries. I@nsive cause and effect analyses of threats and stressors or development of

detailed treatment options is outside the project scope.

Credibility for study findingsderives fronmthedatg methodsand reference values used in the
project world are they apropriate for the stated purpose and adequately documented? For each
study indicator where current condition or trend is reported it is important to identify aigieal
gapsand describe level of confidence in at least qualitative terms. Involvempatko$taff and
National Park Service (NPS) subject matter exgrtsitical points during the project timeline

is also important: 1) to assist selection of study indicators; 2) to recommend stasigtd,

methods and reference conditions and valuegage; and 3) to help provide a medisciplinary

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 Monitorirfgrogram. For example, NRCAs can previtlirrent condition
estimates and help establish referecmeditions or baseline valuébys o me of a par kds
Signsod moni t.dheycangalso bnird) iretezahtrtmmNPS datdo help evaluate
currentconditions for thoseame Vital Signdn some cases, NPS inventory data sets are also
incorporated into NRCA analyses amgborting products.

In-depth analysis aflimate changeffectson park natural resourcesoutside the project scope.

However, existingondition analyses and data seéévelopedy aNRCA will be useful for
subsequenparklevel climate change studiesd planning efforts.

NRCAs do not establish
management targets for study, \
indicators. Decisions about

management targets must be
made through sanctioned
park planning and

Important NRCA Success Factorse
Obtaining good input from park and other NPS
subjective matter experts at critical points in the

project timeline

management processes Using study frameworks that accommodate
NRCAs do provide scienee meaningful condition reporting at multiple levels
basednformation that will (measures / indicators / broader resource topics
help park managers with an and park areas)

ongoing, longer term effort to Building credibility by clearly documenting the data
describe and quantify their and methods used, critical data gaps, and level of

parkoés desired r ecgnfdgneedogindicator-level condition findings
conditions and management
targetsIn the near term,

NRCA findings assist k /

strategic park resource




planning andhelp parkseport to government accountability meastires

Due to their modest funding, relatively quick timeframe for completion and reliance on existing
data and information, NRCAs are not intended to be exhaustive. Study methods typically involve
an informal sythesis of scientific data and information from multiple and diverse sources. Level
of rigor and statistical repeatability will vary by resource or indicator, reflecting differences in

our present data and knowledge bases across these varied study cosnponent

NRCAs can yield new insights about current park resource conditions but in many cases their
greatest value may be the development of useful documentation regarding known or suspected
resource conditions within parks. Reporting products can help parkgees as they think about
nearterm workload priorities, frame data and study needs for important park resources, and
communicate messages about current park resource conditions to various audiences. A
successful NRCA delivers scienbased information tit is credibleandhas practical usesif a
variety of park decisiomnaking, planning, and partnership activities.

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

NRCA Reporting Product s«
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)
| mprove understanding and quantific
Afundamental 6 and fother importanto natur al
(longer-term strategic planning)
Communicate succinct messages regarding current resource conditions to
government program managers, to Congress, and to the general public
(Airesource condition status:t

\o )

7 NRCAs are an especially useful lead-in to working on a park Resource Stewardship Strategy (RSS) but

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

8 While accountability reporting measures are subject to change, the spatial and reference-based

condition data provided by NRCAs wil|l be useful for mo.
may be required by the NPS, the Department of the Interior, or the Office of Management and Budget.
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Chapter 2 Introduction and Resource Setting
2.1 Introduction

2.1.1 Enabling Legislation

Theodore Roosevelt National Park (THRO) consists of three separateNamitsUnit, Elkhorn
Ranch and SoutiUnit. THRO wasfirst protectedas the Roosevelt Regional State Hark934,
when the Civilian Conservation Corps (Claampsweresponsored by the North Dakota State
Historical Society and the National Park System (NPS 198625®pril 1947, the state park
became Theodore Roosewvdtitional Memorial Parkvith the passage ¢fublic Law 38 (61
Stat. 52) (NPS 1986]J.he North Unit andhe land west of the Little Missouri Rikencluding
the Elkhorn Ranch hit, the petrified forestand some land that was earlier designated
Arecrcecamamant r at i o rereaddediatie pdridiR DAY (NPSW986). Several
years later, o010 November 1978, the memorial park was designated Theodore Roosevelt
National Park by Bblic Law 95-625 (92 Stat. 3467) (NPS 1986).

2.1.2 Geographic Setting

THRO encompasses 28,8bectareg70,447acres) (NPS 201})amakng it one of the larger
national parks in the Northern Great Plains Network (NGPN) (Gitzen et al. 2010). The park
consists of three units, the North Unit420.91 hectares [24,070.32 acres]g South Unit
(18,679.71 hectares [46,158.57 acres]), and the Elkhorn Unit (88.22 he2ilBexies]) (NPS
1986, NPS 2012JaAll units are connected by the Little Missouri River (NPS 1986). The park
contains33.79 kmof the Little Missouri River, and32.59 kmof intermittent streams (Gitzen et
al. 2010).THRO is borderedn thesouthby thetown of Medora, in Billings County with a
population of 783 people (U.S. Census 2010). The Little Missouri Nati#naaslangdmanaged
by the U.S. Forest Servicare adjacent ttHRO.

Photo 1. River Bend Overlook, North Unit of THRO (Photo by Shannon Amberg, SMUMN GSS, 2010).
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The park is covered by predominantly native grassland (40%), forest (21%), barren ground
(21%), and shrubland (14%Von Loh et al. 2000 However, over 400 species of plants and
trees have been identified in the park, several of wénielconsideredensitive ovulnerable
(NPS 20132).

THRO is a Class | airshed authorized by the Clean Air Act, and is one of tmafiewral parks
to maintain longterm air quality monitoring stations within the park (Gitzen et al. 201.
NPS and state agencies operate some of the monitoring statibHRO and thoséund in the
NGPN Pohlman and Maniero 2005).

The geologic featres within the park were formed by river and rainfall erosion, uplift, and
sedimentdepositionfrom the Black Hills and the Rocky MountairsellerLynn 2007 Tweet et
al. 201). The soils in the Great Plains are commonly nitrogen poagrfand majorityof the
year, retainlittle moisture (Seastedt 1995

THRO hasseveralgeologicalfeaturesof
interest. Most ofhe parkis located on the
unglaciated Missouri Plateau, which gives *
the park its appearance (including the '
mountains, plateaus, anddiand
formations) (Trimble 1993s cited by NPS
20079). TheNorth Unit of the park has the |
Athird | ar gest fied wood
in the United ,S8ststatede
by the superintendent, Valerie J. Naylor).
The par kds deatresncludee
concreions and cap rockhoto 2) glacial
erratics, oxbows, pediments, sheash
erosion, sandstone and siliereand terraces & - AN :
(NPS 2003). Photo 2. Concretion formations in the North Unit of

THRO (Photo by Shannon Amberg, SMUMN GSS,
THRO has a variable climate with windy  2010).

conditions yearound (NPS 2011)cThe

park experiences warm summers with high temperatures above 30°C (86°F) (May through
September). In the wintenonths (December through February), the low temperatures have been
known to drop belowl8°C (0°F).The majority of precipitatiomccursfrom mid to late spring

with an annual average of 37 ¢i%.6 in)a year Tablel; NPS 2011k




Table 1. Monthly temperature and precipitation normals (1948-2010) for THRO (Station 325813, Medora,
North Dakota) (High Plains Regional Climate Center 2011).

>
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Average Temperature (°C)

Max 27 11 6.4 146 212 262 30.7 305 239 163 64 -0.4 145

Min -16.7 -13.1 -7.8 -1.4 4.8 9.9 127 116 53 -0.83 -75 -13.9 -0.39
Average Precipitation (cm)

Total 0.9 0.9 1.6 3.3 5.8 7.9 5.3 3.4 34 24 1.3 0.9 374

2.1.3 Visitation Statistics

On averageTHROreceivesabout 523,885 visitorannually who come to participate in
activities such as sightseeing, hiking, and campif®®S 20113 In 2010, the park had an annual
visitor count of 623,748NPS 2011a The park receives the majority of visitors during the
summer months (June through August) witimibers in the 100,000s (NPS 201L1a

2.2 Natural Resources

2.2.1 Ecological Units and Watersheds

According to Griffith (2010), THR@alls into theNorthwestern Great Plains ecological region.
This region alone has thedest latitudinal ranga North America, and it is characterized by its
semiarid climate, grasslands, lack of forests, and moderately short topographic features (CEC
1997).TheGreatPlains region is habitat for an unusually large amount of sensitive, threatened,
and endangered species (CEC 1997).

THRO s located approximately midway along the lengtthefLittle Missouri River vatersheg

which stretches frormortheastern Wyoming intcentral North Dakota; the Little Missouri River

flows primarily northeast from the headwaters northeastern Wyoming into North Dakota and
terminates at the Sakakawea Reservoir in central North Dakota (Berkley et a.Tt@OBitle
Missouri River flowsth ough nine miles of the parkdés South
forms the boundary of the El khorn Unit, and b
al. 1998).The Little Missouri River is entirely freBfowing and represents the majanface

water resource throughout the park (Berkley et al. 1998).

2.2.2 Resource Descriptions

THRO is located in a grassland biome. The grasslands of the Great Plains region are also known
as mixed prairieDominant plant species in the park includigebgama Bouteloua gracili,

green needlegrashldssella viriduld, western wheatgrasBgdscopyrum smithij and needle

andthread Hesperospa comata (Von Lohet al.2000)

The parksupports34 different species of mammal, 151 bgmkcies 21 fishspeciesand 15
herpetofauna specieNRS 2012h)Porcupine Erethizon dorsatuinbeaver Castor canadensjs
blacktailed prairie dogsGynomys ludovicianisprairie sharptail grousé>€dioecetes
phasianelluy great horned ow(Bubo virginianu, andgolden eagléAquila chrysaetgsare
just a few mammal and bird species found in the park (NPS NRS 2012h THRO is one of
the fewNPSmanagedireas in the western United States where there is-adaegngferal
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horse(Equuscaballu$ population(NPS 2011¢. Thesderal horses have been found in western
North Dakota fodecadestheir existence has dated back to the mil d&ntury (NPS 201)e
THRO has a largearietyof ungulate speciegcludingbison Bisonbison), elk (Cervus
canadensis muledeer(Odocoileus hemionliswhite-tailed deer ©. virginianug, bighorn sheep
(Ovis canadens)sand pronghornAntilocapra americanp(NPS 1994, NPS 2012b)

2.2.3. Resource Issues Overview

Air contamination is a concern for the patiff at THRO Serious air pollutante the region

include nitrate, sulfatgndammonium because their levels have incregBetiimanand

Maniero 200%. The push to develop and obtain more gas and oil resources is the main factor
influencing this increase in Montaridorth Dakota, and Wyomindg?ohlman and Maniero

2005) In the past, the air quality in THRO has been excellent, with the exception of a few cases,
which were causkby wildfires and were shetived (NPS2008.

Severahonnative plant species have become problematibe park. These include leafy
spurge Euphorbia esulp yellow sweetcloverNlelilotus officinalig, brome grasse8(omus
sp.),Canada thistleGirsium anensg, Kentucky bluegrasspa pratensisandcrested
wheatgrassAgropyroncristatunm) (NPS 19992008. The spread of exotic plant species has
been known to alter fire regimes by increasing leaf litter lay®ren applicableTHRO
managers intentb restoe the fuel loads as well as the plant community and composition to
ranges of natural variability using prescribed fiaesl various chemical and mechanical exotic
plant treatment methodblPS2008.

Managed Species

Bison, elk,andferal horses are three mrisively managed species in THR&&nces surrounding

each of the North and South Units of ahnche park
feral horses within park boundaries, arid keep domestic cattle on surrounding lands from

entering the parkNPS 1994)Due to the management intensity, park staff has opted not to

assess these species as traditional compoimetits NRCA.

Bison

For almost 1@O00 years, plains bisooto
3) were a keystone element of the Great
Plains, providing food and materials for
Native Americans and the European settler
that arrived in the 8and 19 centuries
(NPS 2006). It is not certain how many bisc
were present in North America prior to
European settlement, but estimates are in tlE
millions (NPS 2009). Today, there are a fews &
remnant wild populations in North America, i
but most populations occur parks,
preserves, or on private ranches. Currently
only 11 bison herds exist in federally
protected lands (Halbert et al. 2007). There™
are now two bison herds in THRO, one in tFPhoto 3. Plains bison in THRO (Photo by Shannon
North Unit of the park and one in the South Amberg, SMUMN GSS, 2010).
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Unit. In 20002001, the park d¢isnated the bison population at 312 and 371 bison in the North
and South Units respectively, and population estimates for 2009 were about 300 for both the
North and South Units.

Marlow et al. (1984) determined a bison carrying capacity betweeb@D@ninals in the South
Unit of THRO and 10250 animals in the North Unit, based on factors such as potential
droughts, overgrazing, and competition with other grazing ungulates for resources. The lack of
natural predators and large area of available open spaderced management to implement
culling to maintain a healthy population. Bisoccasionallyare exported to other national parks,
Native American tribal lands, or zoos, or are transferred through theTmibat Bison

Cooperative and other federaktst and notprofit entities (Dratch and Gogan 2010). A total of
2,992 bison were removed from THRO between 1962 and 2008 (NPS 2009).

Roundups of the bison herds take place within each unit of the park ebgryads (NPS 2009,

M. Oehler, pers. comm., 20LJAfter examination of age, weight, sex, and presence of disease,
each animal is assigned an identification number, and the number of animals to remove is
determined according to a forage allocation model. Genetic variability is a major management
goal ofthe NPS as inbreeding can cause decreased heterozygosity, adaptive response (ability of
herd to adapt to environmental changes), and population viability (Franklin 1980, as cited by
Halbert et al. 2007). Monitoring and management of bison populatioesaeeted to continue

in THRO.

Elk

Elk (Photo4) resided throughout the North Dakota Badlands until exiopan the late 1800s

(NPS 2010. In 1985,the NPS reintroduced 47 elk from Wind Cave National Park (WICA) to the
South Unit of THRO. Following reintroduction, the elk population grew rapidly, exceeding the
NPS-established maximum popula threshold by 1993 (NPS 2010n 2010, THRO

developed aiklk Management Plan and
Environmental Impact Statement to guide
management actions of the large herd and
mitigate negative effects on other park
resources.

The Elk Management Plastablished a
goal of 100400 individuals in the elk herd.
This goal allows maintenance of the mixed
grass prairie system inlightly grazed state
(NPS 2010. Theestimated hergopulation
sizein 2010in THRO wasapproximately
950 individuals; at this pmulation size,
many different negative outcomes become
possible. Highdensity elk populations often
exhibit poor body condition and reproductive success. In addition, added stress on plant
communities causes decreased forage availability, which in tctaffther species in the
popul ationds ecosystem. The | arge el k popul at
ecosystem prompted action in the form of a volurbeesed elk reduction effort.

Photo 4. Bull elk with cows in THRO (NPS Photo).



From October 2010 to January 2011, park staff assistedteers by leading them to elk and
instructing them to harvest appropriate animals (adult cow elk). The initial reduction effort
resulted in the removal of 406 animals from the park. In the fall of 2011, another voloaseer
reduction resulted in thremoval of 462 animals. The park intendsanitor carefullyelk
population numbers and demographics in the futiws information then will be used to tailor
specific reduction efforts carried out by NPS employees.

Feral Horses

Modernhorseg Equug (Photo5) evolved on the North American continent but became extinct
nearly10,000 years ago around the end of the Pleistocene @9B&h2011) Horses were re
introduced tdNorth Americain the 16th century b$panishexplorers Native Americans spread
these animals across the continenth horsepopulations eventuallgjumbering in the thousands
of individuals(McLaughlin 1989 NPS 20113 The herdat THRO is a small, isolated

population which is comprised of descendents of local ranchkstuat either escaped captivity
or were abandoned by their owndvkarlow et al. (1992) examined feral horse disition and
habitat use in thegrk and found tht the herd generally isolated itself to the southeastern and
easern portion of the South Unit.

When THRO was established in 1947, several
hundred horses were present in the park
(McLaughlin 1989). Park land was used by area
ranchers to graze their horseghe 1940s and 50s;
duringthis timehorses were considered a trespass
livestock and removal &s a priority The@a r k 6 s
goal was to eliminate horses from the South Unit |-

late 1960s to maintain the horse populaisra
cultural demonstration heat a maximum o&bout

of 50 to 90 individials for the South Unit of THRO, & ¢
as a larger population would possibly lead to
significant decline in certain foge plant species.
The feral horse herd is manageulvas a cultural
demonstration herd to preserve the historical context -

of the ho s @resence in the park (NPS 2011d
Oehler pers. comm., 2011). The current target
population size is betwedi®-90 individuals (NPS
20119. However, thenerd currently numbers 135
individuals Qehler pers. comm., 2091

Photo 5. Feral horses in the South Unit of
THRO (NPS photo).

To guard against overpopulation, the herd is rounded up 8¥eyears, during whictime
horses are selected to be removed from the herd and sold ahatrcaddition, THRO wildlife
biologists have recently initiated field trials on a temapy contraception vaccinatidar females
aged? years and oldedehler pers.comm., 2011)The park plans to continue management of
feral horse populations in ondi® limit herd size.
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Other Ungulates

Rocky Mountain bighorn populations are afsesenin the park; the park plans to restore
bighorn population sizes, but fences lbison and feral horsesay limitthe bighorrto less
suitable habitat (NPS 1994). Deer and pronghorn populations aneretsotthowever, the
population sizeprimarily are monitored and occasionally surveyed (NPS 1994). As for the
predatory mammal species, the park monitorseahmopulationfor vectorborne diseases (NPS
1994).

Viewshed

A viewshed is the area that is visible from a particular localibe.National Park Service
Organic Act (16 U.S.C. |) implies the need to protect the viewsheds of National Parks,
Monuments, and Reservatiord. THRO, viewsheds are of particular importance because
primary reasonwisitors frequent the paiik to view the landscap¥iews from within the park

are expansive in some areas, VMRS anchon-NPS lang beingthe primary visible feature
Currently, the @ and gas industry is expanding in western North Dakota, which is a cause of
concern for the viewsheds in THR@Que to rapidly expanding industrial development

Due to the current dynamic nature of the landscape surrounding the park, a detailed viewshed
analysis is not appropriate for this document. The evidence of oil and gas development is
increasing in North Dakota and this makes the viewshed from the park variable in tiershort
Therefore, conducting an aticlusive viewshed analysis at this tilsenot appropriate, because
the data would likely be irrelevant quickly.

Even though a parwide viewshed analysis is not appropriate at this time, Ti&Dlarlyuses

viewshed analyses to provide specific data regarding anthropogenic development concerns
Devel oped data enrich the understanding of an
These data allow park management to make informed decisions and pursue appropriate actions
regarding development.

2.3 Resource Stewardship

2.3.1 Management Directives and Planning Guidance

THRO has several management plamsludingthe most recent EIk Management Plan (2010),
the Centennial Plan (2007), the Fire Management RO, the Water Resources Management
Plan (1998), the Resource Management Plan (188d)he General Management Plan (1287
Each plan has its own objectives and goals to improve thépadources and increase public
awareness.

The Elk Management Plan was proposed to erlsageterm preservation and protection of park
resources. Whethe elk population increased after its reintroduction, themanaged herd
strained plant communities by over graziag;of 2010therewereapproximately 900 elk in the
South Lhit of the park (NPS 2010). The objectives for the elk management planfaliewas:

1 Prevent negative effects to the biotic and abiotic components of the park and adjacent
lands.

1 Construct and execute actions parallel to the direction and limits set by the NPS
Management Policies 2006.
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Determine indicators to assist and dirdet management of elk.

1 Maintain the longiermviability of the elk population while limiting herd manipulation in
the park

1 Incorporate managemethexibility to take action after daining information on disease
or other factors that may adversely affixt elk population.

i Offer opportunities to educate the public about the challenges of elk management when
limiting that management to park land.

1 Collaborate with the stakeholders (efgderal agencies, state agesc and private
companies) bgharing déa on the & population and it management.

1 When applicable, improve the hunting opportunities on the areas of land surrounding the
park.

In 2007, the park celebrated itsBéh ni ver sar vy. lts theme was fA60
Tradition, and Ingiration 6 ( N Pbf N@&wQtDes par kés pl an for the nex
mission and purpose to be connedtetterwith the American public (NPS 2006y The goals
for the centennial plan are as follows:

Enhance the condition of the park by improving@sources and assets.

Educate and motivate children to give back to the environment by becoming future
conservationists.

Alter park operations to minimize adverse impacts on the environment.
Inspire the public to become environmentally conscious.

Encairage all to participate in shared environmental stewardship

= =4 A =

Focus national, regional, and local tourism efforts to reach diverse audiences and young
people and to attraetsitors to lesseknown parks

1 Create stimulating media to introduce and exyiteth and their families to the national
parks.

The THRO Wildland Fire Management PI&RS2008 was an addition to the resource
management plan. Fire is an important factor that plays a lalgethe development of most
terrestrial ecosystems in NorAmerica NPS 2008. This plan is becoming more intensive and
of greater importance ithe park; the objectives of the WitdidFire Management PlalNPS
2008 are:

1 Decrease the frequency and severity of fires chbbgdaumans.

1 Promote he occurrence of #dland firein ecosystems dependeant its dfects
1 Control and utilize fire as a management tool
1

Protect the park components (elde, property and resources) fromvadse effects of
unwanted fire
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1 Preventadverse effects frorfire suppression on the ecosystem.

THRO created the Water Resources Management Plan invi@9the purpose of guidingark
managers assessing the water resources (NPS 1998). The park, being located in a semiarid
ecosystem of the northern Great Plains, is particularly concerned with their water resources
(Berkley et al. 1998). Maintaining plant and animal community diweisitiependet on water
availability. The Water Resources Plan (1998) objectives include:

1 Manage the pafk water resources to maintain an optimal level of species diversity and
native plant composition.

1 Revive and protect the pasknatural springs and developed hwdbr native wildlife.

Assure that any development within the park will not negativelyashphewater
resourcesrad waterdependent environments.

1 Become knowledgeable about water quality to be able to actively contribute to the local
and state water magement plans while also sting for the optimal level of water
quality standardfor the park.

1 Protest the water rights applications that would negatively impact the park and contribute
to water rights adjudications invahg the park lands so that th’S water rignts and
waterrelated resourcegmain protected.

T Obtain a sufficient amount of information
resairces while also following thEPS invenbry and monitoring requirements

1 Follow NPS Floodplain Management Gelishes to insure minimal damage (eigjury,
property) while also encouraging tbecurrence ohatural hydrologic angeomorphic
processes of floods

1 Create and update maps of the wetlands and riparian areas to make it easier to monitor
and maintain id a | habitat conditions for the parko

1 Educate the public and increase their awareness of the adverse effects done on water
resources due to human impacts.

1 Protect the native fish species (ergre, threatened, and endangered) found in the park
and surrounding areas by atig and applying effort to a cooperatimanagement plan.

1 Identify and assess the NPS watelated resources and any factors outside the park that
may cause an impact.

1 Ensure minimal impact osurface and ground water resoesgvhen permitting oil and
gas operations done on lands adjacent to the park.

The Resource Management PlaPG1994) is asupporting document adlie original General

Management PlarNPS1987), so that it would include bothe83 natural and 17 cultural

resources important to the park (NPS 1994). The plan identifies resources and their components

and indicates measures to be taken and methods to be used in mahagemé&nh e pdor k 6 s g c
restore and maintain the resources pirotesses thatfort he par kds ecosystem (
The Resource Management Plan had the following objectives:
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1 Create a tactical plahat recognizes and establislpe®ritiesfor resource management
and research needs.

1 Manage the park as a natural lzamtls ecosystem, influenced by human activities over
time, allowing natural pcesses to continue

1 Prevent negative impacts on essential resources of the park by bearing in mind the effects
that visitors and park managers may have on the natural and erdsoarces with
everyday activities.

1 Createan information system for tHattle Missouri Badland ecosystemt® protect the
natural resources and ecological processes native to each ecosystem.

1 Ensure the roadways amintained and in satisfactory condition to make resource
management (e.gratural and cultural) more efficient.

1 Follow all appropriate laws, NPS guidelines, and management plans to properly manage
natural and cultural resources inside the park

1 Maintainresources in the park that are historically connected with Theodore Roosevelt
(e.g, hislife and experience in the Badlands).

1 Guarantee that a sufficient collections managementprogram devel oped f or
natural and cultural resources.

One of the earliest management plans for THRO is its General ManagemeNP&I987).

The General Management Plan provides the necessary strategies to guide management, use, and
development of the park for the néyears(NPS 1987. This plan addresses resource

management (e.glood protection, bison management, historic building preservatah,

visitor use needs) (NPS 1987
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2.3.2 Status of Supporting Science
The Northern Great Plains Inventory and Monitoring Network (NGPN) identifies key resources
networkwide and for each of its parks that can be used to determine the overall health of the
parks.These key resources are called Vital Sign2010, theNGPN ompleted and released a
Vital Signs monitoring plangdapted fronGitzen et al. 2010Table?2).

Table 2. NGPN Vital Signs selected for monitoring in THRO (adapted from Gitzen et al. 2010).

Category

Vital Signs Currently Monitored by
NPGN parks, Other NPS Entities, or
Other Federal or State Agencies

Vital Signs for Which NGPN Will

Develop and Implement

Monitoring Protocols in the Future

1 Ozone
1 Wet and dry deposition
Air and climate 1 Visibility and particulate matter
1 Air contaminants
i Weather and climate
Geology and soils 1 Stream aljd_river channel
characteristics
1 Surface water chemistry
Water 1 Surface water dynamics T Aquat!c co_ntamlnan_ts
1 Aquatic microorganisms
1 Aquatic macroinvertebrates
1 Exotic plant early detection
1 Raptors
. L . I Prairie dogs .
Biological integrity f Ungulates 1 Land birds
1 Riparian lowland plant communities
1 Upland plant communities
1 Treatments of exotic infestations
Human use Iy
i Visitor use
1 Land cover and use
Landscapes 1 Extreme disturbances
(ecosystem pattern 1 Fire and fuel dynamics, 1 Soundscape
and process) 1 Viewshed
1 Night sky
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Chapter 3 Study Scoping and Design

This NRCA is a collaborative project between
University ofMinnesota Geospati&ervices (SMUMN GSS). Projestakeholders include the

THRO resource management teand NGPN Inventory and Monitoring Program staff. Before
embarking on the project, it was necessary to idettidyspecific roles of the NPS and SMUMN

GSS. Preliminary scoping meetings were held,atask agreement and a scope of work

document were created cooperatively between the NPS and SMUMN GSS.

3.1 Preliminary scoping

A preliminay scopingmeeting was held on 31 August 2020 this meeting, SMWIN GSS and
NPS staff confirmed that the purposeltod THRO NRCA was to evaluate and report onreumt
conditions, critical data and knowledge gaps, and selected existing and emerging resource

condition influences of concern THHRO managers. Certain constraints were placed on this
NRCA, including the fdbwing:

1 Condition assessments are conducted using existing data and information.

1 Identification of data needs and gaps is driven by the project framework categories.

1 The analysis of natural resource conditions includes a strong geospatial component.

1 Resource focus and priorities are primarily dribgriTHRO resourcenanagement.
This conditionra s s essment pr danvtiidmeesdo ae viiasl nuaaptsihoont of t he c
set of park natural resources that were identified and agreed upon by thetpesjedProject

findings will aid THRO resource managénghe following objectives:

1 Develop neaterm management priorities (how to allocate limited staff and funding
resources);

1 Engage in watershed or landscape scale partnership and education efforts;
1 Consider new park planning goals and take steps to further these;

1T Report program performance (e.g., Depart me
goals Government Performance and Results Act [GBRA]

Specific project expectations and outcomes inalutie following:

1 For key naturatesource components, consolidate available data, reports, and spatial
information from appropriate sources including: THRO resource staff, [RNtAgration
of Resource Management Applicationisiventory and Monitoring Vél Signs, NGPN
staff, and available thirgarty sources. The NRCA report will provide a resource
assessment and summary of pertinent desduated through this project.

19



1 When appropriate, define a reference condition so that statements of current condition
may be developed. Thleatementsvill describe the current state of a particular resource
with respect to an agreed up@ierence point.

T Clearly identify f(regthesgdamelbvanttothekeyi cal 0 dat
resources)This will drive the dea mining and gap definitioprocess.

1 Where applicable, develop GIS products that provide spatial representation of resource
data, ecological processes, resource stressors, trends, or other valuable information that
can be better interpreted visually.

i Utlize Agray | iteraturedo and reports from thi
3.2 Study Design
3.2.1 Indicator Framework, Focal Study Resources and Indicators

Selection of Resources and Measures

As defined by SMUMN GSS in the NRCA process,
preserve. This framework is a way of organizing, in a hierarchical fashiegebjhysical

resource topics considered important in park management efforts. The peetang$ in the

framework are key resource components, measures, stressors, and reference conditions.

AComponentso in this process are defined as n
processes or patterns (e.g., natural fire regime), orfgpeatural features or values (e.g.,

geological formations) that are considered important to current park management. Each key
resource component h asbestdefngheaurrenigonditiorifane as ur e s 0
component being assessed in the NREAasures are defined #mse 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 influenced by
certain Astressoonsdi dvdi edh duri mf sassessment . |
agent that imposes adverse changes upon a component. These typically refer to anthropogenic
factors that adversely affect natural ecosystems, but may also include natural processes or
disturbarmes such as floods, fires, or predation (adapted from GLEI 2010).

During theTHRO NRCA scopingorocesskey resource components were identified by NPS
staff and ar e r epr the NRCA Bathewark. Wiile thimigtmh e nt s 0 i n
components is not@omprehensive list of all the resources inghek it includes resources and
processes that are unigue to plaekin some way, of greatest concern or of highest management
priority in THRO. Several measurégr each component, as well as known or paaéstressors,
werealsoidentifiedin collaboration with NPS resource staff.

Selection oReference Conditions

A Areference conditi onednti sv aal ubeesn cohfmsar kg itvoe nw hcio
measures can be compared to determine the condition of that component. A reference condition

may be a historical condition (e.g., flood frequency prior to dam construction on a river), an
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established ecological threshold (e.g., EPA standards for aityjuai a targeted management
goal/objective (e.g., an elk herdlegs tharR00 individuals) (adapted from Stoddard et al. 2006).

Reference conditions in this project were identified during the scoping process using input from
NPS resource stafin somecases, reference conditions represent a historical reference in which
human activity and disturbance was not a major driver of ecological populations and processes,
suchasipcattl e/ sheenpfigrazs ngpr e®whsrérefarence cditionsc as e s
were less clearly definegeerreviewed literaturgecological thresholdsnd consultation with

resource stafivere usedo define appropriate reference conditiomsre clearlyIn these

instances, efforts were made to utilize existing researdldacumentation dfistorical

conditionsto identify the range of natural variatidor reference conditions

Finalizing the Framework

An initial framework was adapted from the organizational framework outlined by the H. John

Heinz Ill Center for Scienées 11 St at e of Our Nationds Ecosyste
Key resources for the park were adapted ftbenNGPN Vital Signs monitoring plan (Gitzen et

al. 2010) and natural resource reports from THRO. ifiitigl framework was presented park

resaurce staff to stimulate meaningful dialogue about key resources that should be assessed.
Significant collaboration between SNMIN GSS analystand NPS staff was neededfézus the

scope of the NRCA project and finalize the framework of key resstodeeassessed.

The NRCA framework was finalizad August 2011 following acceptance from NPS resource
staff. It contains a total of 17 componenfalfle3) and was used to drive analysis in this NRCA.
This framework outlines the components (resources), most appropriate measures, known or
perceived stressors and threatshe resources, and the reference conditions for each component
for comparison to curremonditions. The THRO framework also contains several components
that are contextually important natural resource topics in the park; these include feral horses,
bison, elk, and viewshed. During scoping, it was agreed that these topics would be addressed i
Chapter 2 of the report.
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Table 3. THRO natural resource condition assessment framework.

Ecosystem Extent and Function

Frequency (3), severity (2), number of acres

burned (2-3), fire origin (1-2)(2.g., prescribed,
lightning, human-caused, etc.), intensity (2),
seasonality (2)

Climate change, fire suppression, development

Management objectives for the park as
stated in the fire management plan

Erosionfwind and water

Changes in landscape features (3), amount of
material removed (erosion rates) (3)

Increase in frequency of heavy rain or wind
events, decreased soil moisture over time,
climate change

Mo established reference condition

Flooding (Little Missouri)

Biotic Composition

A4

Mative grasslands

Frequency (3), magnitude (3}, Snowpack (3).
Duration (2), effects of upstream water
withdrawal on summer flows (3)

Species composition (3), distribution (3),
prevalence of non-natives (3)

Drought conditions, climate change, water
retention in stock dams (in upriver tribs and
draws), drawdown from nearby development (golf

Mon-native/exotic species, changes in fire
regime, juniper encroachment, Grazing effects

Range of variation since the beginning of
data collection (1904 and 1935
respectively for Medora and Watford City,

Ideally, composition and distribution of
grasslands prior to European settlement;
Hansen et al. (1984) and Hansen and
Whitman (1938)

Juniper forests (slope forests)

Density and distribution (both rated as 3)

MNon-native/exotic species, fire

Ideally, composition and distribution of
Juniper forests prior to European
settlement; Ralston (1960) and Von Loh et
al. (2000)

Species composition & abundance (3},
changes in species distribution (3), Cottonwood

Mon-native/exotic species, changes in flooding

Ideally, composition and distribution of
floodplain woodlands prior to European

distribution (3). prevalence of non-natives (2)

browsing/grazing effects, Disease, EAB

ST LI Woaodland Area-Age Distribution (3), non-native _regm::_, Jum::uer en;:;oichment, Ice jams settlement; Girard (1983), Everitt (1368).
species abundance (3) impacting streambanis Von Loh et al. (2000), Johnson (1994),
' - e . ' ' Ideally, composition and distribution of
ket entes Species composition & abundance (2}, Mon-native/exotic species, ungulate foraging, R g B e e T

Hansen et al. (1984)

Upland shrubland
communities

Species composition (2), distribution (including
changes)(3), prevalence of non-natives (2)

Mon-native/exotic species, disease (Dutch elm;
Emerald ash borer), browsing/grazing effects,

Ideally, composition and distribution of
these communities prior to European
settlement; Hansen et al. (1984)

Aguatic communities

Diversity and abundance of native fish (3),
Diversity and abundance of macroinvertebrates

(2)

Mon-natives/exotic species, changes in water
quality

The range of abundance and diversity of
native fish and macroinvertebrates in the
park; cross-reference of historic fish lists




- Extent of dog colonies (3) Disease (plague), food availability Mo established reference condition

Breeding Birds

Environmental Quality

Air Quality

Species richness (3), number of species of
conservation concern (2), raptor species
richness (2)

Mercury deposition (3), ozone (3), nitrogen &
sulfur deposition (3), visibility (3), particulate
matter (3)

Loss of forest habitat (cottonwoods and juniper
encroachment in upland habitats)

Development of coal power plants; oil and gas
development; smoke from wildfires and
agricultural burning

The characteristics of the breeding bird
population from the nearby Little Missouri
Mational Grassland (LMNG), established
bird routes similar to routes recently

EPA standards for Class | air shed

Water Quality

Temperature (3), turbidity (3), specific
conductance (3), sensitive macroinvertebrate
species (3), pH (3). fecal coliform (3)

Erosion, livestock ranching, development up
stream (specifically, the effects of the golf course
upstream on WQ in park), nutrients

EPA water criterion; Water Resources
Division water criterion; Morth Dakota
Department of Health water criterion

Soundscape

Occurrence of human-caused and unnatural
sounds (3), natural ambient sound levels (1)

Qil drilling and other development, road traffic
(especially near wilderness and Elkhorn Ranch
site)

A natural experience, or a soundscape not
influenced by unnatural sounds

Physica

Dark night skies

| Characteristics

Surface Water Availability

W magnitude (3), ambient light pollution (3)

Precipitation (2), prevalence (locations) of
seeps and springs (2), flow rates of man-made
water developments (2)

Point source light pollution, particulates, air
quality

Juniper encroachment, water retention in stock
dams, ice jamming (impact to streambank and
veq), flooding (or lack thereof),

Absence of anthropogenic light pollution in
accordance with National Park Semvice
management policies

For precipitation — historic period of record
(pre-2000) for each of the three weather
stations surrounding THRO; no
established reference condition for
prevalence or flow

Paleontological Features

Distribution and abundance (3), protection of
collections (2)

Theft, decay due to exposure from erosion,
degradation due to development

Mo established reference condition




3.2.2 General Approach and Methods

This study involvedjathering andeviewing existing literature and datlevant tceach of the

key resourceomponentsncludedin the frameworkNo new data were collected for this study,
however, vinere appropriateexisting data were further analyzedprovide summariesf

resource conditioor to create new spatial representations. After all data and literature relevant
to the measures of each camnpntwerereviewed and considered, a qualitative statement of
overall current condition was created and compared to the reference condition when possible.

Data Mining
The datamining process (acquiring as much relevant data about key resources as possible) began

at the initial scoping meeting, at which time THRO staff provided data and literature in multiple
forms, including: NPS reports and monitoring plans, reports from \asiate and federal

agencies, published and unpublished research documents, databases, tabular data, and charts.
GIS data were provided by NPS staff (NGPN and THRO). Access was also granted to NPS
online data and literature sources, such as NatureBib, &RSpand IRMA . Additionadata

and literature were also acquired through online bibliographic literature searches and inguiries
various state and federal government websidesa and literature acquired throughout the data
mining process were invasried 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
dependedargely on the amount of inforation and data availabdnd recommendations from
NPS reviewers and sources of expertise including NPS staff from THRO and S@édific
approaches to data development and analysis can be found within the respective kbmpone
assessment sections located in Chaptdrtdis report.

Scoring Methods and Assigning Condition

A set of measures are useful in describing the condition of a particular component, but all
measures may not be equal |l ypresenspoumermnt . A fAsig
categorization (integer of3) of the importance of each measure in explaining the condition of

the component; each significance level is defineBable4. This categorization allows

measures that are more important for determining condition (higher significance level) of a
component to be more heavily weighted in calculating an overall condition.

Table 4. Scale of measure significance used in determining overall condition.

Significance Level

(SL) Description
1 Measure is of low importance in defining the condition of this component.
2 Measure is of moderate importance in defining the condition of this
component.
3 Measure is of high importance in defining the condition of this component.

After each componerssessmeris completedincluding any possible data analysis)
condition level iscalculatedor each measure. This is based on3iftegerscale and reflest
the data mining efforts and communications with park expé@aislé5).
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Table 5. Scale used in determining condition level of individual measures.

Condition Level

(CL) Description
0 Of NO concern. No net loss, degradation, negative change, or alteration.
1 Of LOW concern. Signs of limited and isolated degradation of the component.
2 Of MODERATE concern. Pronounced signs of widespread and uncontrolled
degradation.
3 Of HIGH concern. Nearing catastrophic, complete, and irreparable degradation

of the component.

After the significance levels (SL) and condition levels (CL) are assigned, a weighted condition
score (WCS) is calculated via the following equation:

B" YOz 6 O

wo Y = —
YU

ozB

The resulting WCS value is placed into one of three possible categories: condition of low
concern (WCS = 0.0 0.33); condition of moderate concern (WCS = 0.8466); and condition

of significant concern (WCS = 0.67 to 1.0Bjgurel displaysall of the potentialgraphic used
torepresenda ¢ 0 mp camditionindhgs assessmenthe ®lored circlegepresent the
categorized WCSed circles sigriy asignificant concerniyellow circlesamoderate concern

and green circlea condition ofow concern. Gray circles are used to represent sitistion

which there is currently insufficient data to make a statement about the condition of a
component. Ta arrows inside the circles indicate the trend of the condition of a resource
componentAn upwardpointingarrowindicates the condition of the component has been
improving in recent time&A right-pointing arow indicates a stable condition or trermhdan
arrowpointing down indicatea decline in the condition of a component in recent times. These
are only used when it is appropriate to comment on the trend of condition of a component. A

gray, triplepointed arrows reserved for situations in whithet r end of tshe compon:

condition is currently unknown.
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Figure 1. Symbols used for individual component assessments with condition or concern designations
along the vertical axis and trend designations along the horizontal.

Preparation and Review of Component Dfegsessments

The preparation of draft assessments for each component was a highly cooperative process
amongSMUMN GSSanalysts andHRO staff. ThoughlSMUMN GSS analystsety heavily on
peerreviewedliterature and@sting data in conducting the assessment, the expertise of NPS
resource staff also plays a significant and invaluable role in providing insights into the
appropriate direction for analysis and assessment of each component. Tisiespgzially
importart when data or literaturare limited fora resource component.

The process of developing draft documentssfoxthcomponent began with a detailed phone or
conference call with an individual anultiple individuals considereldcal experts on the
resourcecomponents under examination. These conversations were a way for analysts to verify
the most relevant data and literature sources that should be used and also to formulate ideas
about current condition with respect to tHeS staffopinions.Upon completia, draft

assessment were forwardedctomponent expert®f initial review and comments.

Development and Reviewf Final Component Assessments

Following review of the componemtraft assessmentanalysts used the review feedback from
resourceexperts to ompile the final componerissessmentés a resulof this processand

based on the recommendations and insights provided by THRO resource staff and other experts,
the final component assessments represent the most relevant and current datafavatatiie
component and the sentiments of park resource staff and resource experts.

Format of Component Assessment Documents
All resource component assessments are presented in a standard format. The format and structure
of these assessments is describedvihelo
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