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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availabledata andnformationfor these resourceas well as unpublished park information and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.
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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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Significant Concern o ° o ‘

Moderate Concern ﬁ |:> @ ’

Low Concern o ° 0 ‘

Insufficient Data

CONDITION

Improving  Stable Declining Insufficient
Data
TREND

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 describedvinelo
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Description

This section describes the relevance of the resource component to the park and the context within
which it occurs in the park setting. For example, a component may represent a unique feature of
the park, it may be a key process or resourqeark ecology, or it may be a resource that is of

high management priority in the park. Also emphasized are interrelationships that occur among a
given component and other resource components included in the broader assessment.

Measures

Resource componenteasures were defined in the scoping process and refined through dialogue
with resource experts. Those measures deemed most appropriate for assessing the current
condition of a component are listed in this section, typically as bulleted items.

Reference @Gnditions/Values

This section explains the reference condition determined for each resource component as it is
defined in the framework. Explanation is provided as to why specific reference conditions are
appropriate or logical to use. Also included irsthection is a discussion of any available data
and literature that explain and elaborate on the designated reference contiti@ss.

conditions or values originated with the NPS experts or BMUGSS analysts, an explanation

of how they were developesl provided.

Data and Methods

This section includes a discussion of the data sets used to evaluate the component and if or how
these data sets were adjusted or processed asapdadnalysis. If adjustment or processing of
data involved an extensive bighly technical process, these descriptions are included in an
appendix for the reader or a GIS metadata file. Also discussed is how the data were evaluated
and analyzed to determine current condition (and trend when appropriate).

Current Condition andrend

This section presents and discusseddapth key findings regarding the current condition of the
resource component and trends (when available). The information is presented primarily with
text but is often accompanied by detailed maps or platedigay different analyses, as well

as graphs, charts, and/or tables that summarize relevant data or show interesting relationships.
Due to their low importance, measures that are assigned a significance level of 1 do not receive
an indepth analysis anare not addressed in the current condition section. These measures are
briefly discussed in the overall condition section of the document (see below).

Threats and Stressor Factors

This section provides a summary of the threats and stressors that megtirapesource and

influence to varying degrees the current condition of a resource component. Relevant stressors
were described in the scoping process and are outlined in the NRCA framework. However, these
are elaborated an this sectiorto create a sumary of threats and stressor based on a

combination of available data and literature, and discussiongesitlurceexperts andNPS

natural resources staff.
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Data Needs/Gaps

This section outlines critical data neentggaps for the resource component. Specifically, what is
discussed is how these data needs/gaps, if addressed, would provide further insight in
determining the current conditiam trendof a given component in future assessments. In some
cases, the dateeeds/gaps are significant enough to make it inap@tepr impossible to
determine condition of the resource component. In these cases, stating the data negds/gaps
useful tonatural resources staffat wish toprioritize monitoring or data gathegrefforts.

Overall Condition

This section provides a qualitative summary statement of the current condition that was
determined for the resource componesing the WCS metho€ondition is determined after
thoughtful review of available literature, daéamd any insights frollPSstaff and experfs

which are presented in the Current Condition and Trend sedternOverall Conditiorsection
summarizes the key findings ahijhlights the key elements used in determining and justifying
the level of concernf any, that analystattributeto the condition of the resource component.
Also included in this section are the graphics used to represent the component condition.

Sources of Expertise

This is a listing of the individuals (including their title and l&fion with offices or programs)
who had a primary role in providing expertise, insight, and interpretation to determine current
condition (and trend when appropriate) for each resource component.

Literature Cited

This is a list of formal citations fort@rature or datasets used in the analysis and assessment of
condition for the resource component. Note, citations used in appendices and plates referenced in
each section (component) of Chapter 4 are | is
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Chapter 4 Natural Resource Conditions

This chapter presents the background, analysiscandition summaries for the k@y resource
componentsdentifiedin the poject frameworkEach component assessment is organized into
the following sections:

Description

Measures

Reference Condition

Data and Methods

Current Condition and Trenth¢luding threats anstressor factors, data needs/gaps, and
overall condition)

6. Sources of Expertise

7. Literature Cited

agrwnE

Components appear in the order they are listed ipribject framework Table3):

4.1 Fire

4.2 Wind and water erosion

4.3 Flooding (Little MissourRiver)
4.4 Nativegrasslands

4.5 Juniper forests

4.6 Floodplain forests

4.7 Woody draws

4.8 Upland shrubland communities
4.9 Aquatic communities
4.10Prairie dogs

4.11Breeding birds

4.12Air quality

4.13Water quality
4.14Soundscape

4.15Dark night skies
4.16Surface wadr availability
4.17Paleontological features
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4.1 Fire

4.1.1 Description
Fire plays a major role in the ecological processes of North American prairies (Umbanhowar
1996), and historically, fires have bderportant naturally occurring events in THRThese

fires created natural disturbances that are important for maintaining healthy native plant
communitiedn the prairie landscape. Mixed grass prairie, the primary vegetative cover in
THRO, is approximatel®.61-1.22 m (2 to 4 ft) tall and grows quickly then dies back each year
(NPS 2008). However, small trees and shrubs
grow primarily on north aspects and within
woody draws in the park. Fire in mixed grass
prairie tends to limit the growth of trees and
shribs to places where finer fuels are less
continuous and natural fire breaks exist (e.g.,
drier, rocky breaks, draws, and riparian areas)
(NPS 2008).

Fires thatare naturally ignited (i.e., wildfires
starting from lightning strikes) have been quick
suppressed for the ma
existence (NPS 2010a). However, wildland fire
are allowed to burn under certain conditions anghoto 6. Firefighters igniting a prescribed fire

in particular geographic aaeof the park (e.g.,  in THRO (NPS photo).

fire management unit no. 2 in the North Unit of

the park) as described in the Fire Management Plan (FMP) (NPS 2068yaBreintroduced to
THRO in 199%hrough prescribed burns, as a native plant community management strategy
(NPS2010a). Generally, THRO uses prescribed fire as a managémoéfor reducing fuel

loadsand stimulating the growth and health of native plant communities adapted to fire.
However each fire is set to accomplish individualized resource management adgegtivich

are identified for each fire (project) plan (NPS 2008). The rough terrain and low vegetation
densities within the park, which consequently contribute to low fuel densities, limit the extent to
which fire can spread (NPS 2010B)escribed fires@ount for the vast majority of the burned
area in the parwith approximately 93% of the total aege burned within THRO from 1990

2010 (sed\ppendix Afor information on individual fires).

4.1.2 Measures

1 Frequency

Severity

Extent (aea burned oveirhe)

Fire origin (e.qg., prescribetlghtning, humarcaused, etc.)

Intensity

= =2 =2 =4 A

Seasonality
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1 Change in native vegetation after prescribed fire

4.1.3 Reference Conditions/Values

Given that reference conditions (i.e., natural fire regime parameters) are not well established and
that prescribed fire has nearly completely replaced natural fire starts in THRO, the fire
management goals for the park will serve as the reference condit@ part of fire

management in THRO, the NPS can chose from multiple options: wildland fire suppression,
wildland fire use, prescribed fire, and rfore fuel treatments. The 2008 THRO fire management
plan (NPS 2008) contains several objectives. Thectibes relevant to the use of wildland fires

to meet resource objectives include:

1) permit wildland fre use (lightningcaused)n areas where fire dependency has been
scientifically proven and the fuel load and vegetation composition are within theafange
natural variability

2) use fire to restore plant community structure, composition and maintain cultural
landscapes similar to those before European settlement

3) dlow wildland fire use within the constraints of policy (BX8) and the Environmental
Assessmant/Assessment of Effect for the Fire Management Program of Theodore
Roosevelt National Park.

Objectives relevant tthe use of prescribed fires in order to meet management objectives
include:

1) create and/or miatain defensible wildland firase boundaries,

2) where applicable, restore fuel loads and plant community structure and compositions to
ranges of natural variability comparable to-pr@ropean settlement using prescribed fire
and wildland fire use,

3) restore cultural landscapes similar to those presdotebEuropean statement,

4) minimize the occurrence of unnaturally intense fires through reduction of hazard fuels by
prescribed burning,

5) avoid prescribed fires and wildland fire use that would reduce air quality in Medora,
North Dakota between Memorial Day and Labor Day,

6) train park staff and cooperators to conduct safe, objeotieated prescribed fires and
wildland fire use consistentith DO-18 requirements,

7) provide opportunities for public understanding of fire ecology principles, smoke
management, and wildland fire program objectives, and

8) monitor and evaluate the effectiveness of the preserved fire program.
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Generally, fire managersmito reduce the cover and density of /mative forbs and grasses

while encouraging native plant species growth; reduce the cover and density of silver sagebrush
(Artemisiacang, and western snowber(@ymphoricarpos occidentaljsand reintroduce fire to
fire-adapted ecosystems in the park. However, each fire is set to achieve a particular set of goals,
and these may vary based on landscape position, fire history in the area, weather conditions (e.g.,
wind, temperature, and humidity), a variety of fuehawyics, and availability of fire suppression
resources such as trained personnel and materials.

4.1.4 Data and Methods

Fire data captured in GIS were obtained from the park for fires that occurred within and near
THRO from 1946 to 2010 (NPS 2010b). Theihtites from the GIS data were used to assess the
past and current condition of fire. Monitoring Trends in Burn Severity (MTBS 2011) provided
burn severity data for two fires, specifically highlighting the acreage burned in each severity
class.

A series ofprescribed fire monitoring reports were used to document the extent of most fires in
THRO and the intensity and severity of each burn.

Wienk et al. (2007) provided a program review of the Northern Great FHmenEcology
Program, focusing on researctiogts from 19972007. This report provided information about
native and nomative vegetation responses to different fire treatments over time.

4.1.5 Current Condition and Trend

Fire in THRO is monitored and managed to achieve a number of objectivasjmgatestoring
fire-adapted ecosystemsthin the park (NPS 2008). The measures used to assess the current
condition of THRO fire are compared to the historic fire regime and current management
objectives for fire on the landscape. Fire frequency is ssdds/ comparing the current fire

frequency with the historic frequency (prior to European settlement of the region). Historic fire
frequency is often determined through examination ofdo@s on trees and stumps and by

charcoal research. However, thiengary vegetation type in THRO is mixed grass prairie and

little fire scar data are available to determine historic fire frequency. In an investigation of fire
history inGreat PlaindNational ParksGuyette et al. (2011) found little evidence of fire saar

juniper in the South Unit of THRO. The authors suggested that, because of reduced spread of fire
on the landscape due to natural fire breaks, fire scar history methods would likely not be
appropriate for describing the history of fire events in tigéore Therefore, the prEuropean

settlement fire frequency (i.e.rdireturn interval), extent (area), severity, and seasonality are not
well understood in THRO. Wright and Bailey (1980) estimate fire frequency in the northern

mixed prairie of the Badlas to be 5 to 30 years. While most historic fires originated from

lightning strikes, historic fire frequency estimates may be confounded by evidence, according to
pioneer settlersd reports, that Nati (NBS Ameri c
1999).

Official documentation of fires did not begin in THRO untid®qNPS 1999). From 1949 to

1999 all fires were either accidental caused by lightning; since 1999e park has

increasingly used prescribed fire as a management tool. Sim;ed¢beurce managers and fire
researchers have continued to record fire origin, frequency, area burned, and seasonality (dates)
of fires. In many cases, only area burned has been recorded. These primarily have been
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monitored through field reconnaissance @novide a basic assessment and overview of each
fire (NPS 2003). Intensity and severity are assessed during prescribed burns and by examining
the postfire effects on the plant communities.

Frequency
Guyette et al. (2011) suggest {ifaropean settlemehtumancaused fires were rare in the

THRO area because of the low human population density and the variation in topography, which
inhibited natural firesWright and Bailey (1982) estimate that fire should burn every 5 to 10

years in prairie grasslands withlling topography, and every 20 to 30 years in topography with
breaks and rivers; the latter is characteristic of the THRO landscape.

THRO began recording fire dates in 1949 (NPS 1999). Natural wildfires (lightainged) are
permitted to burn in areaghere fire dependency is proven (NPS 2068)wever, management
suppresseall humancaused fires (neprescribed) and does not allow natural wildfires to burn
more than a few acres if there is direct threat to human life, private property, and pagt cultur
resources (NPS 2008). Therefore, fire frequency oiréitern interval is primarily determined by
burn prescriptions. However, because of the discontinuous, patchy fuel sources and sparsely
vegetated topography within THRO, some sites may have meaetiirn intervals between 150
and 400 years (NPS 2003). NPS (1999) reported 90 fires in THRO between 1949 and 1993.
Since that time, (through 2010) the number of fires has increased to 157, with most fires being
prescribedurns. In1999prescribed fire &s used for the first time in THRO, and since then an
average of 4.1 fires occurred per year. Ref@rable6 for fire frequency, area, and origin by

major burn unit. The fire history dataset containing fire origin (cause), area, date, name, and burn
unit from 1946 to 2010 is available Appendix A

Table 6. Number of fires and area burned in THRO by origin and park unit (1984 to 2010) (NPS 2010b).

Origin / Burn Unit Number Percent of Acres Hectares Percent of
of fires fires? burned burned Area

Human 25 235 78.0 31.6 1.0
North Unit 6 18.9 8.0 3.2
South Unit 19 27.1 70.0 28.3

Lightning 28 26.4 760.2 307.6 8.8
Elkhorn Ranch Unit 1 25.0 158.0 63.9
North Unit 10 31.2 76.5 31.0
South Unit 17 24.3 525.7 212.7

Prescribed 49 46.2 7,813.7 3,162.1 90.0
Elkhorn Ranch Unit 3 75.0 18.1 7.3
North Unit 14 43.8 3,385.9 1,370.2
South Unit 32 45.7 4,409.8 1,784.6

Unknown 4 <0.1 21 8.5 0.2
North Unit 2 0.1 19.0 7.7
South Unit 2 <0.1 2.0 0.8

Totals: 106 100.0 8,672.9 3,509.8 100.0

a Percentages for origins use the park-wide total and each unit is calculated by the total within that unit.

THRO uses prescribed fire to meet goals for vegetation management and to mimic the natural
historic fire regime as closely as possible. Howeverntimeber of prescribed fires that can
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occur depends largely on the funding available each year. Thus, areas of THRO may not see fire
for 100 to 200 years (FSkalsky,pers. comm.2011).

Severity
Fire (or burn) severity is a term used to describe the pdiysnd chemical changes to the soil,

the conversion of vegetation and fuels to inorganic carbon, and structural or compositional
transformations that create new microclimates and species assemblages (Key and Benson 2006).
Severity is measured hilge amountof organic matter loss both above and below the surface of

the ground after a fire (Keeley 2008).

One method for measuringitm severityis to compare LandSat imagery prior to and after a fire

to determine a Differenced Normalized Burn Ratio (AONBR). dNBR data, which represent
continuous values, are separated into six categories. MTBS (2011b) classifies the six severity
categories as unburned to low, low, moderate, high, increased greenness, and no data. According
to MTBS (2011a), an analyst evaluates dNBR data range and determines where significant
thresholds exist to discriminate between severity categories. In Sorbel and Allen (2005), the
accuracy of the dNBR method was tested by sampling Composite Burn Index (CBI) plots
established on the groumdrecently burned areas. CBI methods involve scoring burn severity
based on 22 variables includisgil cover/color change, duff and litter consumption, percent of
colonizers, percent of altered foliagedpercent of canopy mortaliffsorbel and Aller2005).

A comparison of CBIlI scores and dN&sRteblef or t he
measure rad predictor of burn severibfSorbel and Allen 2005, p. 9). MTBS (2011b) provided

burn severity data in which acreage of severity categories wereddoivthe Little Missouri I

and Southeast Corner fires within THRTable7).

Table 7. Burn severity for the Little Missouri Il and Southeast Corner fires (MTBS 2011).

Unburned
to Low Low Moderate High Increased
Year Fire Name Severity Severity Severity Severity  Greenness
2002 Little Missouri Il
Acres 369 467 505 97 7
Hectares 149 189 204 39 3
% composition 25.5 32.3 34.9 6.7 0.5
2004 SE Corner
Acres 149 454 320 0 0
Hectares 60 184 130 0 0
% composition 16.2 49.2 34.7 0 0

Immediate posburn severity is also measured by fire monitoring personnel. Severity for some
prescribed burns can be found in THRR@scribed burn reports. The recent prescribed fire
reports cite mostly Al owooaoudr nenocdes adbeolNsSEOIE!
(which is |l ess severe than the fAl owd category
2008, Freema@008). Low and moderateerity is a result of the faburning nature of THRO

grassland fires (NPS 1999). When a fire is behaving in a manner that is counter to the

management goals for the fire, the prescribed burning can be stopped, as was theaciceumst

for the Horse Camp fire of 2007 (Mitchell 2007).
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Extent- Area Burned

NPS (1999) suggests that, in comparing the historic presence of fire on the landscape to present
fire, the largest difference is probably in the area or extent of fires. Curdengg,landscape

fires are not allowed to burn due to widespread agricultural land use and a landscape containing
many humarcreated firebreaks (e.g., roads). In addition to land use changes, fire that once was
used commonly by NativAmerican cultures anih cattle ranching practices has since ceased
(NPS 1999).

Wildland fires, typically caused by lightning, rarely burn more than a few agpge(dix A)

(C. Sexton, pers. comnR011). Where fire dependency is proven for vegetation communities,
wildland fires are allowed to burn if fuel load and vegetation composition are within the range of
natural variability (NPS008). According to the NPS (2008), the preferred strategy for

managing fire in the majority of the park is to allow natural processes toinamuater to

perpetuate and maintain various ecosystems to the maximum extent possible. Nghitatly

fires may burn so long as human life and property are protected and all wildland fires are limited
to burning in a manner consistent with nationalgyolFire is suppressed in the Elkhorn Ranch

unit and prescribed fire is implemented when it iedatned that it can accomplish

predetermined resource objectives (NPS 20@8pendix Adisplays the areas burned in THRO
from 1946 to 2010.

Fire Origin

Fires in the park are typically started by humans {m@&scribed), lightning, or are prescribed
burns conducted by fire management and natural resource personnel (NPS 2003, Guyette et al.
2011)(Appendix A. Another possible ignition source exists in foem of lignite (lowgrade

coal seams) (NPS 1999). THRO experiences very few lighigmted fires (0.00075

fires/kn?/yr) (Schroeder and Buck 1978so reviewed byGuyette et al. 2011Higgins (1984)
found that between 1949 and 1981, THRO experiencearage of .D9lightning-causedires

per yearLightning-caused fires occur most frequently in July and August (Hull Sieg and
Fletcher 1998). Prescribed fire now accounts for the vast majé@inea burned in THRO.

From 199920 2010, prescribed firemccounted for 49 of the 106 fires, and 90% of the area
burned. However, lightningaused fires have been allowed to burn over larger areas in the last
decade and appear more frequent in recent decadele8). Table6 shows the origin of

recaded fires in the park from 1998 2010.

Table 8. Lightning-caused fire numbers and area by decade in THRO (NPS 2010b).

Decade No. of lightning-caused fires Area

acres hectares
1950s 15 308 125
1960s 15 45 18
1970s 11 403 163
1980s 39 699 283
1990s 39 1,185 480
2000s 50 6,746 2,730
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Intensity
Fires in mixedgrass prairie ecosystems are generallybashing surface fires that tend to leave

a mosaic of burned and unburned vegetation (NPS 1999). One goal of THRO fire management is
to minimize the occurrence of unnaturahyense fires by reducing hazard fuels. Intensity is the
energy or magnitude of heat produced by a fire (Key and Benson 2006, Keeley 2008). Intensity
is an indicator to fire managers of the potential effects of fire on soil and vegetation (i.e., fire
seveity) during prescribed burns. Intensity can be measured in two ways: downward penetration
to the soil, or upward spread to vegetation and the atmosphere. Both measures are dependent on
residual flame time and are a function of fuel and weather cond{t@ysand Benson 2006).

Mineral soil surface temperatures from grassland headfires increase as the amount of
uncompacted fine fuels increases (Wright and Bailey 1982). Headfires spread with the wind,
sometimes uphill; these are different from backfiresctvlaire generally low and burn back into

the wind slowly (Wright and Bailey 1982). When fuel availabilitygrasslands in the Great

Plains range from 1,685 to 7,865 kg/ha, the average soil temperature during burning ranged from
102° to 388T (215° to 730F). Wright and Bailey (1982) suggest that the highest soil surface
temperatures occur from local accumulations of loosely arranged fuel types and strong winds
created by fire. Air temperature, relative humidity, and soil moisture do not appear to affect
suface soil temperature in grassland fires (Britton and Wright 1971, as cited by Wright and
Bailey 1982).

Grasses have a high surface area to volume ratio and moisture is easily lost or gained as
combustible material is exposed to the air. These propeszset in grass fires that spread

quickly and end abruptly (Anderson 1982). Grassland fuels also burn with faster rates of spread
than other fuels during similar observed weather conditions (Anderson 1982). THRO contains
grassland fuel model 1 (Anderson829, where spread of fire is controlled by cured and almost
cured herbaceous fuels that are fine, porous, or continuous. As wind speed increases, model 1
develops the fastest rate of spread within grassland models based upon the fine fuels, fuel load,
andfuel depth relations. The fast rates of spread produce short periods of intense heat production
in THRO (NPS 1999).

Seasonality

The season in which a fire burns affects the diversity, density, and composition of the plant
community (Biondini et al. 1989Burning in different seasons can affect plants and animals
differently due to their sensitivity to disturbance at various phenological or reproductive stages
and seasonal differences in moisture regimes at the site (NPS 2003). Biondini et al. (1989) found
plot diversity of forb species in northern mixgoass prairies decreased after fall and spring

burns and remained the same following a summer burn. This same trend was also evident in
areas left unburned. However, plots left unburned and those burtiedsommer showed large
decreases (54% and 60%, respectivielyjensity. Smaller declines in density were found in

plots burned in the fall and spring (9% and 19%, respectively) (Biondini et al. 1989). Across the
landscape, unburned, spring, and summen breas had random distribution patterns of forb
regrowth, while plots burned in the fall showed high forb clustering (Biondini et al. 1989).

The fire season in THRO is primarily April through September. Prescribed fires usually are
conducted in either sing or fall, though fire can be used at any time of year to achieve a
particular management objective (NPS 1999). Wienk et al. (2007) generally recommends late
summer or fall prescribed burning for areas dominated by native plant species in NGPN park
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units. However, Wienk et al. (2007) suggest that for areas dominated byeasan species
(e.g., Kentucky bluegrasPda pratensis smooth bromeBromus inermifg or crested
wheatgrassAgropyron cristatur}) spring burning tends to be more effective in i@dg non
native species cover.

Natural fires caused by lightning generally occur in the late spring to early autumn season (NPS
1999). Since prescribed fire has been used
occurred in spring (April and Mayand in late summer/fall (August, September, and October)
(Table9). Smaller fires (<10 acres) occur throughout the year. Other small fires occurring
outside these months are typically accidental huosased fires and suppressed lightning

caused fires.

Table 9. Number of fires by month for fires Oone acre and those 010 acres in THRO (NPS 2011b).

5 5 5
> o ) o
> - - o e! o
5§ S = » & 2 E €
S Fs [3) = ) > o o) ) )
Number of fires § © 3 &8 8 s 2 % % 3 > ]
S £ = < = A 3 I w O =z o
Period of record 1949 to 2010
O 1 acre 1 4 7 23 16 16 17 29 11 11 - 2
O 10 acres - - 3 18 6 3 3 10 7 6
Period of record 1984 to 2010
O 1 acre 1 4 4 20 11 12 6 13 6 8 1 2
O 10 acres - - 1 16 6 1 1 4 3

Changes in Native Vegetation after Prescribed Fires

Management goals for prescribed fires may inchadeducel-hour dead and down fuels,
decrease cover of namative grasses, and increase cover of native grasses, forbs, and sedges.
Accomplishing vegetation goals and obtaining anticipated results from prescribed fire depends
largely on such variables as weatland moisture conditiondR( Skalsky, pers. comm., 2011). In
particular, managers at THRO use prescribed fire to stimulate or manage the growth of the
following native species: western wheatgré@ascopyrum smithij green needlegrashléssella
viridula), needleandthread(Hesperostipa coma}agrama grasse86utelouaspp.),and common
yarrow (Achillea millefoliun).

Presently, the park contains too few monitoring plots to accurately and statistically measure
changes in native vegetation in responsaréscribed fires. However, the monitoring plots may
provide possible trend and some insight to the degree of change, though no clear, causal
relationships can be surmised. Rod Skalglerg. comm).2012) observes that fire clearly
impacts deciduous and lstuspecies, but it is difficult to differentiate with any degree of
certainty if changes in grasslands are due to fire, to grazindgipgsar both. Wile it is most
likely the latter, this complex relationship is difflcto measure statisticallyskakky, pers.

comm., 2012)Since 2011, the NGP Fire Ecology Program has been installing more sample plots

within burn units at THRGN ordrerto increase precision and statistical confidence (D. Swanson,
pers. comm., 2012). In addition, combined monitorifigres and data from the NGP Fire
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Ecology Program and the NGP 1&M Program will allow for greater statistical confidence in the

future, allowing some of the variables to be statistically differentiated. For example, it is

postulated that variables such aterannual total precipitation and seasonal precipitation may

have the largest impact on resultant herbaceous diversity and tikesvise the timing of
prescribed fires in terms of the parkos recen
wet, normal, or droubt cycle) may significantly impact subsequent herbaceous species

composition and cover (Swanson, pers. comm., 2012)

The NGP Fire Ecology Program established fire monitoring units in 1998 and 1999 based on
dominant plant species. The NGPe Ecology Program established individual piost

vegetation objectives for each monitoring unit. Each (named by dominamiant species) may

be represented in several different burn units (e@4, Dones Creek, Little Missouri, River
Corridor).Likewise, some burn units may contain various vegetation types, and therefore distinct
monitoring units. There are 27 firaonitoring plots in THRO (NPS n.d.). From 1999 to 2010, 22
prescribed fires occurred, mostspring Table10). Wienk et al. (2007) summaed work

completed by the NGPire Ecology Program from 1997 to 2007 for the prescribed burns in
THRO and is presented irable 0.
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Table 10. Prescribed fire dates, season, and area burned in THRO (from Wienk et al. [2007] and updated
using NPS [2011b]).

Unit Date(s) Season Size (acres) Size (hectares)
Little Missouri 9/21/99 Fall 650 263
SE Corner 4/19/99 Spring 475 192
SE Corner 4/11/00 Spring 331 134
NW Corner 10/18-21/01 Fall 700 283
Little Mo 1l 5/13/02 Spring 800 324
Peaceful Valley 5/29/02 Spring 18 7
Skyline Vista 10/9/02 Fall 534 216
1-94 10/10/02 Fall 300 121
Cottonwood CG 4/25/03 Spring 250 101
1-94 5/2/03 Spring 250 101
SE Corner 4/23/04 Spring 910 368

Monitoring results of the above prescribed fires are listed in the following section, the prescribed fires listed
below are not yet reported for all monitoring unit types

Horsecamp 4/24/07 Spring 92 37
Loop 1 4/17/07 Spring 17 7
Loop 2 4/17/07 Spring 25 10
Loop 3 4/17/07 Spring 6 2
Loop 4 4/17/07 Spring 44 18
Loop 5 4/24/07 Spring 40 16
Radiotower 10/04/07 Spring 95 38
Loop 6 4/13/08 Spring 40 16
Loop 7 4/13/08 Spring 93 38
Loop 8 4/13/08 Spring 20 8
Loop 9 4/13/08 Spring 70 28
NW Corner 1 10/09/08 Spring 70 28
NW Corner 2 10/09/08 Spring 327 132
NW Corner 3 10/09/08 Spring 297 120
Elkhorn Ranch 1 5/07/09 Spring 3 1
Elkhorn Ranch 2 5/07/09 Spring 11 4
Elkhorn Ranch 3 5/07/09 Spring 4 2
Juniper Campground No date Spring 150 61
Loop Unit 1 No date Spring 11 4
North Loop Burn 5/03/09 Spring 150 61
SE Corner 6 4/22/10 Spring 250 101
Sheep 9/14/11 Fall 3641 1474
Longhorn Flats 9/16/11 Fall 460 186

D. Swansor{pers. comm., 2012) suggests that project based plot monitoring is more informative
to park managers on whether objectives are met for each prescribed fire, since prescribed fires
occur in both the spring and fall and occur under different temperatutesasture conditions.
Starting in 2011, the NGP Fire Ecology Program has been installing a greater number of plots
within each burn unit to address changes to the vegetation composition and cover at the project
level.

Crested Wheatgrass (AGCR)
Monitoring units for the nomative crested wheatgrassly exist within the Southeast Corner/ |
94 prescribed burn unit. Crested wheatg@sd the invasive smooth broere the dominant
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species found in this mostly narative vegetation unit. The94 prescribedife objectives were
to burn 6690% of project area and reduce fuel loads b5% immediately after the burfihe
goals for changes in pebtirn vegetation are as follows:

Immediate pstburn:

1 Burn 6690% of project area,
1 Reduce fuel load by 585%.

Two years posburn:

1 Reduce nomative grasses by at least 20%;
1 Increase native grass cover by at least 20%;
1 Keep hardwood mortality to less than 10%.

Five year posburn:

1 Maintain a reduction of nenative species;
1 Maintain the increase in native species.

Two-year objectives were partially attained in thatimaiive grasses decreased by 43%.

However, native grasses decreased by 39%:-yaae objectives were not met as Amative

grasses were only 11% lower than thelpuened state and native grasses werdd®er than

the preburned state. Western wheatgrass was unchanged after one year and decreased two years
after the burn. Precipitation is suspected to have affected-tireweh percentages (Wienk et al.

2007).

The Southeast Corner prescribed fire of 1888 a préburn objective to reducetour decadent

fuels by at least 70%. Paintner and Pindel (1999) state this goal was not met and suggest that it
may have been unrealistic. Thorstenson and Schmitt (2004) indicate 49@80/6f the area

burned duringle 2004 Southeast Corner prescribed fire and the immediate fuel load goal was
met in blocks (sections of the fire) F, G, and H.

Silver sagebrush shrubland (ARCA)
Four prescribed fire units contain plots for this monitoring unit; two plots burned in 1699 an
two in 2002.

Immediate posburn objectives:

1 Burn 6690% of the available project area.

Two years posburn:

1 Reduce silver sagebrush density by6@3s;
1 Increase native herbaceous cover by 20%;

1 Reduce nomative cover by 25%, and increase native peremgnasds cover by at least
25%.

Five years posburn:
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1 Maintain the reduction of shrub density;
1 Increase native species;
1 Maintain a reduction in nenative species.

The reduction of silver sagebrush density was reached for thgeavgpostourn objectives,

while the increase and reduction goals of native anehatine species were not met. However,

five years posburn, nonnative grass cover decreased by 55%, while native grass and forb cover
increased by 18% and 45%, respectively (Wienk et al. 2007).

Cottonwood/Rocky Mountain juniper forest (PODE)
Of the three plots installed for monitoring these forests, two have been burneduPost
vegetation objectives are:

Immediae postburn:
1 Reduce total fuel loading by &D%.

Two years posburn:

1 Reduce total brgh density by 3%0%;
1 Reduce conifers by 500%,
1 Acceptable mortality of deciduous overstory trees was 20%.

The Little Missouri Il fire decreased total fuel loads by 17% immediatelylpast and total fuel
load actually increased by 38% at fiyear postourn measurements. However, significant
decreases in polgzed stems/acre (from ~90 stems/acreljume to ~15 stems/acre year five)
were realized at 5 years in this burn unit for cottonwood and very few overstory trees were
reduced. Conifers were not dwated in Wienk et al. (2007) for this burn unit.

Green needlegrass mixeuass prairie(STVI)

Ten plots were installed for the monitoring of this unit; three have burned in the Southeast
Corner unit and three have burned in the Northwest Corner uniSdiitbeast Corner unit is
dominated by Kentucky bluegrass, whereas the Northwest Corner unit is a more appropriate unit
to assess the condition of green needlegrass plots, as native species are dominant (Wienk et al.
2007). Posburn vegetation objectivesea

Immediate posburn:
1 Reduce thatch by 280%.

Two years posburn:

1 Reinvigorate native species and decadent vegetation;
Reduce brush species;
Restore and maintain native plant communities;

Reduce nomative cover by at least 20 to 30%;

= =2 A =

Increase nativperennial grass cover by at least 20 to 30%;
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1 Reduce brush by 20 to 30%;
1 Increase native herbaceous and shrub cover by 20 to 30%.

Immediate visual estimates of the Northwest Corneiirii2001found that about 50% of the

thatch was removed (Rehman and Btenson 2001). Based on the Northwest Corner prescribed
fire monitoring report, none of the twear objectives were matienk et al. 200y While nor
native grass cover was reduced by 53% mative forb cover increased by 100%. Five years
after burning native grass cover had increased by 40% (Wienk et al. 2007).

Snowberry shrub land (SYOC)
As of 2007, one plot was installed to monitor this migeass prairie vegetation type.

Immediate posburn:
1 Reduce silver sagebrush density by6@@%b.

Two year posburn:
1 Reduce nomative cover by at least 25%;
1 Increase native perennial grass cover by at least 25%;
1 Reduce silver sage by 50%;
1 Reduce total fuel load by 75%.

Immediate post burn goalgere inconclusive and silver sageluctionwas the only tweyear
pog burn objective attained (Wienk et al. 2007).

A parkwide summary of fire monitoring plots in THRO through 2007 indicated that 16 plots
were burned and 15 of them were visited five yearsipast Figure2) (Wienk et al. 2007).

Theodore Roosevelt NP

Non-native Native

Pre-bun BYear1 OYear2 HYear5 |

Figure 2. Pre-burn and post-burn percent cover of native and non-native plant species (average of 15
monitoring plots). Reproduced from Wienk et al. (2007).
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Since Wienk et al. (2007), several treatments (fires) have been conducted in THRO. Decreases in
the percent cover of nonnative grasses and increases in both native grass and sedges occurred in
the Southeast Corner burn unit (which contains threergneedlegrass monitoring plotS)gure

3). Kentucky bluegrass showed the most notable decrease in cover of five maj@tinen
grasses.

SE Corner - Cover by Lifeform
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Figure 3. Southeast Corner burn unit changes in percent cover by life form following multi-year, multi-
burn, prescribed fire treatments in THRO.

Similar decreases in narative grasses and increases in native grasses and athyesre
reported in the Northwest Corneurn unitfollowing multiple fire treatmentsHigure4).
However, it is not clear how the additional influenédivestock and ungulate grazing may
influence the results of any pdstirn measurements.
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NW Corner - Cover by Lifeform
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Figure 4. Northwest Corner burn unit changes in percent cover by life form following multi-year, multi-
treatments (fires) in THRO.

Overall,shrub density objectives for both silver sagebrush and western snowberry were achieved
in the Little Missouri burn unit, though at ten years gmstn, a slight increase occurred in silver
sagebrush density from initial pestirn measurementbigureb).

Shrub Density
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Figure 5. Shrub density changes post-fire in the Little Missouri burn unit.
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Threats and Stressor Factors

Fire suppressioand development adjacent to the park were identified by park managers as
threats or stressors to the fire regime in THRO. Throughout the early tba0@s$, fire

suppression was practiced throughout the northern Great Plains region to protect privatg proper
andresources. This prevents the natural extent and frequency from occurring, especially in the
case of large landscaseale fires.Suppression of nearly all unplanned fires continues as a part
of the THRO Fire Management Plan, creating a situatiorhiclwthe fire regime is almost
completely dependent upon prescribed burning andinofuel treatments.

Increased development adjacent to the park increases the opportunity for fires occurring within
the park to destroy private property or structuresthrehten human life should a fire escape

park boundaries. This increased risk to private property elevates the need to suppress natural

fires and requires deliberate, careful planning of prescribed fires in the park in order to achieve
fire management géawhile preserving park structures and private prop&dya result, large

scale fires are rare in the region and occur at a lower frequency.

Data Needs/Gaps

Immediate monitoring and reporting of burn intensity and severity will assist managers to further
under stand f i r e 0Gontmded capture&elimeationvie peanbetet usimyn .
GPSdata(adding to 10 years of consistent data collectwitl)give managera clear

understanding of fire history in each burn unit, anidl Mustrate areas of the park that have not
experienced prescribed fire for long periods. Continued and consistent monitoring of established
vegetation plots will provide aetter understanding of the fire effects on vegetation as well as a
way to determine if management objectives are being\Wiét. additional plots within burn

units and in combining NGP Fire Ecology Program and NGP I&M degatation plots may

also allow nanagers to correlate different fire management parameters (e.g., season, fuel loads,
or weather conditions) with the desired vegetation outcomes.

Overall Condition

Fire overthe lastseveraldecadesn THRO has beemanaged either through suppression

(accdental fires or in some cases of lightrireused) or through prescribed firgghile the

following measures characterittee presentlayfire regimein the parkprescribed fire has

almost completely replaced natusthirt fires. Prescribed fires are gefichievalesired effects

on vegetation and soil3herefore, the effects of fire may be considered a more important
measure of firebés condition in THRO t hhen var.i
desired effects vary by individual burniymrmonitoring unitand by fire Understanding how fire
parameters (e.g., intensity, severity, flame length, wind) influence the effects of burning will

assist park staff in meeting their management objectives.

Frequency

The Significance Levébr frequery is a 3. A fire behavior model suggests that the park should
have firereturn intervad of 5 to 30 years. However, some areas of THRO do not burn for 100 to
200 years. For this reasddondition Levefor frequency is a 2, indicating the component is of
moderate concern.
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Extent- Area Burned

The Significance Levdbr areaburnedis a 3.There is noatarget established for number of

acres to be burned annually in the park. However, some areas in the park have not experienced
fire in over 200 years, artle declining fuel budget is likely to further decrease the average
extent burned per yeaR (Skalsky,pers. comm.2011). Thus, th€ondition Levefor extent of

area burned is a 2, indicating the condition is of moderate concern.

Intensity

The Signifiance Levefor intensityis a 2 Intensity is measured by the rate of spread and flame
length. Prescribed fires are heavily monitored and managed during burns and wildfires are
monitored and sometimes suppressed, depending on location, suppression augppagther
conditions. Since managers extinguish fires that are behaving unfavoralipritigion Level

for intensity is a 0, indicating the component is of no concern.

Severity

The Significance Levdbr severityis a 2 Fires that burn too hot will destroy vegetation

completely and damage soils; thus, personnel will extinguish a prescribed fire that has the

potential to become too severe. The majority of fires in THRO had a reported severity of
Ascorchedo, efiladowo 0 db_Argmdyg due t o t @oadticnont r ol
Levelof severity is a Qindicating the component is 0b concern. This is because fire personnel
generally control severity, and to date overall severity has been low.

Seasonality

The Significance Levdbr seasonalitys a 2 Prescribed fires usually occur in the fall and spring

but fire can be used during any season to meet management goals. Since most fires in THRO are
prescribed, and wildfires only burn a few acres at a timéhamd minimal effects on vegetation
parkwide, theCondition Levefor seasonality is a 0, indicating no concern. The appropriate

season in which to use prescribed fire to achieve a particular set of objectives (e.g., reducing
nortnative cool season gras$eontinues to be a topic of research. Fire effects monitoring

results will aid in answering this general research question.

Fire Origin

The Significance Levdbr fire originis a 2 The Condition Levefor fire origin is a 0, in@tating

no concern becae 93%of the acres burned since 1984 are of prescribed origin. Since 2000,
only five humancaused fires have occurred in the park, burning a total of six acres. Wildfires
generally are suppressed because they are less predictable, and therefore pose phoparty
within and adjacent to THRO; however, larger areas have burned from 1999 to 2010 due to
natural wildfire.

Changes in Native Vegetation

The project team defined tig&gnificance Levdbr changes in native vegetatias a 2The

Condition Levelfor changes in native vegetation is also a 2, indicating that the component is of
moderate concern. Weather and moisture variables affect both the way prescribed fires burn and
the results from prescribed fires. Most immediate prescribed fire a@deermet, while twe

year and fiveyear goals are sometimes met. Some progress has been realized as is evidenced by
10-year posffire effects (e.g., continued reductions in shrub densities).
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Weighted Condition Score
TheWeighted Condition Sco(®/CS)for thefire components 0.333indicating the condition is
in good conditiorwith a stable trend.

NATIONAL

Fire

Measures SL
¢ Frequency

¢ Area burned
¢ [ntensity
WCS =0.333
e Seasonality
e Fire origin

Moooomr\)‘g

3
3
2
e Severity 2
2
2
2

e Changes in native vegetation

4.1.6 Sources of Expertise

Rod Skalsky, Fire Management Officer, THRO

Dan Swanson, Fire Ecologist, WICA

Chad SextonGeographic Information Systems Analyst, THRO
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4.2 Wind and Water Erosion

* During initial project scoping, project stakeholders identified wind and water erosion as
important processes within the park, but little or no data exist to exdnemeurrent condition.
Thus, no data will be summarized nor will the condition of erosion be assessed. Rather, a brief
overview of the component and a description of potential measures, threats, and stressors are
provided for the primary purpose of insion in a future assessment when appropriate data are
available.

4.2.1 Description

Wind and water erosion are natural processes that have shaped the landscape of THRO,
particularly the dramatic geological formations of the badlands. Erosion rateskmadtheds

slopes of western North Dakota have been estimated al@2&m/year (Tinker 1970 and
Bluemle 1975, as cited by Von Loh et al. 2000). Factors that influence erosion rates include
lithology, slope gradient (steepness), and vegetative covee(Rthl. 1985, KellerLynn 2007).
The presence of bentonite (a clay material that swells when wet) in a rock formation increases its
susceptibility to erosion. Bentonite is common in the Sentinel Butte Formation of THRO, where
most landsliding occurs inghpark (KellerLynn 2007). Slope gradient influences water
infiltration, especially of runoff water, therefore affecting erosion rates (Butler et al. 1985).
Finally, vegetative cover plays a key role in protecting surfaces from wind, rainsplash, and
runoff (Wei et al. 2009, Munson et al. 2011).

One significant erosional process of concern to park managers is mass wasting, which is the
downslope movement of soil and rock material by gravity (e.g., landslides, slumping, soil creep)
(NPS 2003, KellerLynn 2007T.his movement, sometimes sudden and dramatic, can threaten
park roads, trails, and visitor facilities (NPS 1986). For example, significant slumping due to
above normal precipitation in 2011 led to the closure of a portion of road in the North Unit
throughCedar Canyon, as it was deemed unsafe for visitasrie RichardsonfHRO Botanist,

e-mail communication, 2012Mass wasting in THRO occurs primarily as landslides and soil
creep (Biek and Gonzalez 2001). Evidence of landslides is common in the Mdrtivihere
Arotational sl umps o0 a rRhotad)plLargersleamps with mummoeky e r a |
surfaces occur along the Little Missouri Riverth the largest occurring on the north flank of

the Achenbach Hills near Achenbach Spring (Biek and Gonzalez 2001). Another notable
rotational slump can be found north of the river between the east entrance and Juniper
Campground. The largest landslidegshe South Unit occur along the eastern escarpment, on the
eastern flank of the Petrified Forest Plateau, and around Buck Hill. Also in the South Unit, soll
creep is common on steep slopes of the Bullion Creek Formation with north or northeast aspects
(Biek and Gonzalez 2001).
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Photo 7. A small landslide in Sentinel Butte strata (left) and a large rotational slump in the North Unit
(right) (Biek and Gonzalez 2001).

Other erosional processes in the park include rill and gullycgrosommon in basal sandstone

of the Sentinel Butte formation, ansBuffacei pi ng (
runoff erodes vertically downward through poorly lithifisddimenté , cr eat i ng a net\
tunnels, small caves, and pseudokardufes that channel runoff underground (Biek and

Gonzalez 2001, p. 56). It is common in poorly lithified bedrock and associated colluvial, alluvial,

and landslide deposits, which regularly occur at or near the bottom of steep badlands slopes

(Biek and Gonzez 2001). These pipes can eventually collapse, potentially causing subsidence

or rockslides that could threaten nearby roads or structures.

Another erosiosr el at ed t hreat to the park is the expo:
coal 0) , igwnitewhemexposedto air and trigger fires (Biek and Gonzalez 2001). Once

ignited at the surface, lignite often burns back into the hillside or formation, creating an empty

space into which overlying beds settle or collapse. Significant burning andesutesoccurred

in the Buck Hill area from the early 1950s through the 1970s (Biek and Gonzalez 2001). No

lignite beds were burning in THRO as of 2007, but several small fires occurred in the South
Unitbés northeastern cor rn@dds (KellerLynm2P07). Howevérat e 19
outcrops of Ilignite are a constant concern fo
influence park planning and management (KellerLynn 2007).

4.2.2 Measures
1 Changes in landscape features

1 Amount of material remove@rosion rates)

4.2.3 Reference Conditions/Values
A reference condition for wind and water erosion in the park has not been determined.

4.2.4 Data and Methods

Information regarding erosion in the park was primarily found in Biek and Gonzalez (2001) and
the THRO Geologic Resources Evaluation Report (KellerLynn 2007). Numerous journal articles
were consulted regarding the impact of climate on erosional processes.
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4.2.5 Current Condition and Trend

Changes in Landscape Features
Wind and water erosion are csoastly changing the landscape of THRO. However, no research
or consistent monitoring of these changes has occurred.

Amount of Material Removed (Erosion Rates)
To date, no current or historical data are available for erosion rates in the park.

Threats andtressor Factors
Climate is a critical factor in erosional processes, especially in semiarid regions (Kuehn 2003,

Graham 2008). According to Wei et al . (2009,
force for natural runoff generationaedr o si on variation. o0 Climate Vvze
vegetation patterns, which in turn influence erosion across the landscape. An increase in
precipitationgenerallyy s t hought to increase erosion rates

decrease in prgatation thereforewould be expected to reduce erosion rates; however, a

reduction in precipitation could reduce vegetative cover, increasing the surface area exposed to
rainfall and runoff (Clarke and Rendell 2010). A reduction in vegetative cover wr@asge the
soil 6s exposure to wind erosion as well ( Muns
also impact erosional processes. Wei et al. (2007) found that rainfall regimes with strong

intensities and low frequencies induced more severefrandfsoil erosion than regimes with

weak intensities and high frequencies.

Insemiar i d badlands | i ke those found at THRO, ft
runoff means that change is particul pB2.y asso
Rain often comes in sudden showers that can drop several inches per hour (Opdahl et al. 1975, as
cited by KellerLynn 2007); the resulting runoff typically causes rapid erosion. Heavy downpours

have increased in frequency and intensity across tBedver the past several decades, a trend

that is expected to continue throughout this century (Karl et al. 2009).

Erosionalsocan be exacerbated by road construction and trail use. Movement is still occurring
in landslide deposits under several roadh@park, causing buckled pavement and dips in the
roads (Biek and Gonzalez 2001) . For exampl e,
landslide deposits between the Concretion Pullout and the Highway 85 junction. In the South
Unit, the park road osses landslides near the Ridgeline Trail trailhead and along the Buck Hill
road (Biek and Gonzalez 2001, KellerLynn 2007). Disturbance caused by repair activities such
as placing fill, regrading, or rerouting drainage in these deposits may actuallyseors@bility

(Biek and Gonzalez 2001, KellerLynn 2007). Intense trail use or poor trail design often result in
soil erosion and trampled vegetation (NPS 1994). In some places, trails have become deep
channels that actually concentrate runoff, furthecexaating erosion. The eroded material can
then impact vegetation and soils in previously undisturbed areas along the trail (NPS 1994).

Data Needs/Gaps

No research has been conducted in the park regarding either changes in landscape features or
erosion rags. A multtyear study of erosion rates using a variety of sampling techniques (e.g.,
survey stakes and pins, sediment erosion traps, photogrammetry, LIDAR) is currently underway
at Badlands National Park in South Dakota (Stetler and Benton 2011). The oésuis study,
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which is scheduled for completion in 2012, could help THRO design an erosion survey and
monitoring plan.

Overall Condition

Due to a lack of information and data regarding erosion rates and erosional landscape changes in
the park, theverall condition of wind and water erosion cannot be assessed at this time.

4.2.6 Sources of Expertise
Bill Whitworth, Chief of Resources, THRO
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4.3 Flooding (Little Missouri River)

4.3.1 Description
The Little Missouri River is a tributary of the Missouri River, which begins in northeastern
Wyoming and flows through all tee units of THRO (through 14 km of the South Unit, 23 km

of the North Unit, and through Elkhorn Ranch) (Miller 2005, KellerLynn 2007). Peak flows of
the Little Missouri River in the 20century weredwer than in previous centurieggardless,
theyhavesubsequently altered floodplain formation (Miller and Friedman 2009). These overall
decreases in peak flows grestulatedo be a result of climatic shifts (changes in precipitation
and temperature), as the Little Missouri River is mostly unregulatete(Mihd Friedman 2009).
Despite the overall decrease in peak flow magnitude, several park features (Cottonwood and
Juniper Campgrounds, Peaceful Valley Ranch, South Unit Park Headquarters, and portions of
park roads) are located within

the 100year floodp&in,
leaving a 1% chance each
year that these features will
be in the riwv
zone (KellerLynn 2007). In
May 2011, the Little Missouri
River experienced significant
flooding in THRO and the
surrounding area following
heavy spring rain events.

The National Weather Service
defines a flo
flow, overflow, or inundation

by water which causes or Photo 8. Record flooding on the Little Missouri River in May 2011 as
threatens da”la.ge (NWS viewed from the MP 27 loop road in the South Unit, THRO (NPS
2 0 1 Z'he.National Weatherphoto).

Service defines gage heights

that correspond to flooding events at certain gages. For tihee Missori River, two gages are

most relevant to THRO, one at Medora and one near WatfordRl#iel). The gage heights

that represent flooding events at thesessilo not correspond to flooding events in the park for
all high-water events though; in 2011, a hghter event occurred that caused substantial
flooding in the park, yet the gage height at Watford City did not correspond to a flood event as
defined bythe National Weather Service.

4.3.2 Measures

1 Frequency
Magnitude
Duration

Effects of upstream water withdrawal on summer low flows

= =4 A4 A

Snow pack
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4.3.3 Reference Conditions/Values
The reference condition for flooding is the range of variation since the begioidata
collection (1904 and 193%6r Medora and Watford City, NDrespectively.

4.3.4 Data and Methods

Literature provided by THRO (Emerson and Ma¢awland 1986; KellerLynn 200°Killer

2005; Miller and Friedman 2009) and USGS stream gage sta(ld&3S2011a, b, c) were the
main sources of information for this assessment. Two USGS gage sites were utilized for this
assessmentittle Missouri River atMedora, ND (USGStation N0.06336000) andiittle

Missouri River aWatford City, ND (USGSStation No.06337000). The Medora gage is

indicative of streamflow characteristics near the South Unit and the Watford City gage is
indicative of streamflow in the North Unit; there is no stream gage near the Elkhorn Ranch Unit
of THRO.

4.3.5 Current Condition and Trend

Frequency
Peak flows in the Little Missouri River occur in late March and early April of each year, with

periodic summer high flows occurring in May through July. Spring peak flows are generally a
result of snowmelt, but can also result fromm and the breaking up of river ice; summer high
flows are generally the result of intense thunderstorms (Miller and Friedman 2009}Jld#igh
events causing significant floodplain destruction occur every five to ten years on the Little
Missouri River Miller and Friedman 2009). Frequent flooding increases erosion and causes
changes to the channel area, which is important for establishment and regeneration of
cottonwoodsRopulus deltoigs).

Magnitude
Over the last century, there has been a redustitime magnitude of peak flows on the Little

Missouri River (Miller and Friedman 2009). Since the Little Missouri River is largely
unregulated, climatic factors, such
as temperature and precipitation,
are thought to be the primary drive
in the overall redction in peak -
flow magnitude during the 20
century.

Dischargehas been monitored
since 1935 (North bit) and 1904
(South Unit), and the overall
average annual peak flow of the
Little Missouri River was 15,122
cfs (mean discharge = 535 cfs)
(Miller 2005, Miller and Friedman
2009).However, there are many

gaps in the available data for the Photo 9. Flooding on the Little Missouri in May 2011 as viewed
South Unit.Thelargest recorded from the Medora Overlook in the South Unit, THRO (NPS photo).

instantaneoupeak flow of the

59



Little Missouri River occurred in 1947, with a peak discharge of 110,000 cfs (Miller and

Friedman 2009). This 1947 flood was seven times larger than the average annual peak flow on

the Little Missouri Riverand reached a peak height of 20.5 ft at Medora, 5.5 ft above the

National Weather Service 460t Flood Stage (USGS 2011a). The second largest recorded flood
occurred in 1950, with a peak discharge of 60,000 cfs. Recently, in May of 2011;vaategh

even occurred; stage height of this event reached 16.7@ifektlischarge reached 30,000atfs
theWatford Citygage(USGS 2012). At the same time, the stage height exceeded the flood stage
(15 ft) at Medora, reaching a height of 20.3@ith a discharge of 35,100 cisor the period of

recorded streamflov ipeak fl ows along the Little Missou
the active channel area has decreased by 38%
Peak discharge isnamportant driver of erosion and channel migration (Miller 2005), which are

both necessary for cottonwood establishment. Therefore, a decrease in flood magnitude could be
problematic for cottonwood forestBable11 displays peak discharge for the Little Missouri

River at the North and South Units of THRO, along with other tributaries of the Little Missouri

River. Annual peak flow data recordedthe Medora, ND and Watford City, NDagesare

included in Appendices Amal B, respectively.

Table 11. Flood discharges for the Little Missouri River and tributaries in THRO. Discharges in cfs;
maximum water-surface elevations are in feet above sea level (asl) (Emerson and Macek-Rowland 1986).

Peak recorded Maximum water- 100-year 500-year
. . Date flood flood
discharge surface elevation . .

discharge discharge

North Unit 110,000 cfs 1,953.03 ft asl 25 March 1947 78,800 cfs 113,500 cfs

South Unit 65,000 cfs 2,267.25 ft asl 23 March , 1947 65,300 cfs 99,300 cfs

Elkhorn Ranch No data No data n/a 69,000 cfs 103,000 cfs

Knutson Creek No data No data n/a 31,800 cfs

Paddock Creek No data No data n/a 13,500 cfs

Squaw Creek No data No data n/a 24,600 cfs

North Unit

Figure6 represents peak discharge at the Watford City USGS stream gage near the North Unit of
THRO. This stream gage gathers continuous data, with no data gaps, making overall trends
discernable. Since 1980, no higher peak discharges have occurred, such sexinasd 947,

1950, 1952, and 1972.
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Figure 6. Peak discharge (cfs) for the Little Missouri River near Watford City, ND (USGS Station No.
06337000) from 1935-2010 (USGS 2011c, 2012).

The National Weather Service determinedftbed stage at Watford City to be 20 ft (USGS

2011b). At Watford City, the Little Missouri River has only reached flood stage twice since 1935
(in 1947 and 1950) (USGS 2011b). The peak gage height for 1947 and 1950 were 24 and 21.42
ft, respectively (USG2011b).However, there seem to be many years with high peak gage
heights, but relatively low peak dischargeHughes (pers. comm.) indicated a potential reason

for some of the discrepancies is that the gage near Watford City has changed location on
numepnus occasions.

South Unit

Figure7 represents peak discharge at the USBSlorastream gage near the South Unit of

THRO at Medora, ND. The stream gatpga for this location has many meyear data gaps. For
approximately 25 years (from the ml®70s until 2000), there are no USGS stream gage

statistics available. In addition, there are my#tar data gaps years prior to 1943t is difficult

to draw any conclusions about peak discharge trends from the data that are available, due to the
large data gaps.
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Figure 7. Peak discharge (cfs) for the Little Missouri River at Medora, ND from 1904-2010 (USGS Station
No. 06336000) (USGS 2011c, 2012).

The National Weather Service determined the flood stage at Miedbeal5 ft (USGS 2011a).

At Medora, the Little Missouri River has reached flood stage seven times since 1904 (in 1904,
1929, 1947, 1952, 1972, 2009, and 2011) (USGS 2@D12). The peak gage heights for 1947,
2011, 1972, 1952, and 1929 were the highest recorded, with respective gage heights of 20.50,
20.39, 18.68, 18.35, and 17.20 ft (USGS 2011a). Interestingly, the 1950 peak gage height passed
flood stage in Watford Citybut did not in Medora. All years that passed flood stage at Medora
(aside from 1947) did not pass flood stage in Watford City, which could be due to the difference
in flood stage heights (15 versus 20 &% expected, all flow events that surpasseddistage

heights at Medora correspond to years with a higjernormal peak discharge; further

investigation is needed to determine the actual effects of thesahtghevents in the park.

Snowpack
Snowpack is often measured in snow water equivalen&)S8BWE is the water depth that

would hypothetically result in the event that the entire snowpack melted at one time (NRCS
2009). This estimate is based off snow depth and snow density information, gathered from
SNOTEL sampling locations. Snowpack is dilgcelated to the amount of water entering river
systems, and is therefore important to understand when analyzing flooding. The nearest
SNOTEL sampling station to the Little Missouri River is located at Cole Canyon, in Sundance,
Wyoming. This SNOTEL statn is located approximately 60 km east of the headwaters of the
Little Missouri River, and should provide a general trend of the changes in snowpack in the last
40 yearsFigure8 displays SWE averages from 192@00 and 2002009 at Cole Canyon. The
2001-2009 averages are all smaller than the 12000 averages, with 202009 May averages

at approximately 1/3 of the 192D00 May averages. While it magt be appropriate to draw
further conclusions, this general decreasing trend in snowpack could be associated with the
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conclusions of Miller and Friedman (2009), that climate is the primary driver for the recent
decrease in peak flow magnitudes on thdd_-Missouri River.
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Figure 8. Snow water equivalent averages from 1971-2000 and 2001-2009 at Cole Canyon, Sundance,
Wyoming (NRCS 2009).

Duration

The duration of a flood event is relatadgelyto thevolume of water received by the stream

from precipitation and snowmelt events and the location of where runoff enters the stream.

Spring floods are generally longer in duration than summer floods. A positive correlation

between duration and magnitude existith larger floods having longer durations; a flood of

higher magnitude will have more water, so it will take a longer period of time for the saturated

soil and upstream tributaries to drain back to normal levels. Contrastingly, summer floods are
much $orter, as they are generally a result of intense rain and thunderstorms. While duration
appears to be important in forming the total channel area, peak magnitude appears to be the most
important factor (Miller 2005).

Effects of upstream water withdrawa summer flows

Jeff Hughes (pers. comn2012 indicated that he is gathering information on water rights and
permits forwater withdrawal orthe Little Missouri River. Currently, the Theodore Roosevelt
Medora Foundation has a permit to withdraw 11 afsfthe Little Missouri River (3 miles
upstream of the South Unit of THRO) between 1 March and 1 Thé/Medora Foundation

permit and other similar operations upstream of THR&Y affect flow in the Little Missouri

River and the NPS Water Rights Branclusrently collecting available information on the

number of water users and the amount of water diverted and withdrawn from the Little Missouri
River system to determine if adverse impacts could be occurring at the park.
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Threats and Stressor Factors

Theclimate around THRO is serarid, with extreme temperatures in the summer and winter
months (Miller 2005). On average, the Little Missouri watershed recg8iésm (4 in) of
precipitation per year, and approximat@é/cm @0 in) of snowfall (average from 1932003)

(Miller 2005). In the last 100 years, there has been a reduction in peak flows, and because the
Little Missouri is largely unregulated, the cause of this reduction is thought to be related to
climate. Climate is relatedirectly to precipitation and snowpack, which directly influence the
amount of water moving through the Little Missouri River system. This reduction in peak flows
is correlatedstronglywith a reduction in erosion (Miller 2005), which poses a risk for
cottonwood regeneration.

Water retention in stock dangin upriver tributaries and draws) can change the flooding patterns
of the Little Missouri River. There is no current literature explaining the effects of water
retention in stock dams in upriver tribtiess and draws of the Little Missouri Rivé@ther

potential concerns include upstream irrigation practices and withdrawals associated with
hydraulic fracturing.

Data Needs/Gaps

Peak magnitude and peak gage heightfeMedoragagehas major data gaplsroughout the
entire period of data collection (19@f4esent). J. Hughes (pers. comg012 indicated that the
Medora and Watford Citgagelocations are largely similar, and statistical models (using the
Watford Citygagedata)likely could be used to pdict the missing years ftine Medoragage

J. Hughes (pers. comn2013 is currently investigating the amount and extent of water permits
near the Little Missouri River, to get a better idea of the amount of water taken from the river.
This informationwould be beneficial in understanding upstream drawdown statistics.

Research investigating timeimber location, and extent of stock dams in the upstream tributaries
of the Little Missouri River would be beneficial to get a better idea of how these might be
affecting floods near THRO.

Overall Condition

Frequency

The project team defined tis#gnificance Levedf frequency as a 3. As a result of snowmelt,

spring floods are still occurring, and summer floods from intense rain and thunderstorms are also
occurrng; thusa ConditionLevelof 1 (low concern) was assigned for the frequency measure.

Magnitude

The project team defined tig#gnificance Levedf magnitude as a 3. While the spring and
summer peak flows are still occurring on the Little Missouri, Méied Friedman (2009) point
out that the peak flows have dropped over the last century, likely due to climate.chiamge
decrease in magnitude, coupled with concerns regarding climate ¢chesiwgeina Condition
Levelof 2 (moderate concerfjr themagntude measure.

Snowpack
The project team defined tig#gnificance Levadf snowpack as a 3. Snowpack is the main driver
of spring peak flows, and while some years still see heavy snowpack, there has been an overall

64



decrease in SWE over the last 40 yearswfrack was given @onditionLevelof 3 (significant
concern) because of these overall decreasing trends.

Duration

The project team defined tig#gnificance Levedf duration as a 2. Duration is largely a product

of magnitude, meaning that a decrease in flood magnitude over the last century has contributed
to a decrease in flood duraties well. The project team assigne@anditionLevelof 2

(moderate concerndf the duration measure.

Effects of Upstream Water Withdrawal on Sumniews

The project team defined tig#gnificance Levedf effects of upstream water withdrawal on
summer flows as a 3. However, there are no current data on the amount of water wifhalraw
the Little Missouri River. Thus, @ondition Levelfor this measure could not be determined.

Weighted Condition Score

While spring and summer peak flows are still occurring, decreases in snowpack have resulted in
lower magnitude and duration ofgleflows. The overaWeighted Conditionc®re of flooding

was 0666 meaning it is of moderate concern.

Flooding (Little Missouri)

Measures _SL_ CL_ :>
® Frequency 3 1
¢ Magnitude 3 2
e Snowpack 3 3 WCS = 0.666
e Duration 2 2
e Upstream withdrawal 3 n/a

4.3.6 Sources of Expertise
Jeff HughesHydrologist,NPS Water Resours®ivision
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4.4 Native Grasslands

4.4.1 Description
Prior to the drought of the 1930s, the mi@dirie grasslands of the northern Great Plains

region were used extensively for grazing and agriculinctuding the area that now makes up
THRO. The establishment of THRO in 1947 allowed grassland commamitiein the park to

revert to their natural state (Stubbendieck and Willson 1986). Today, native grasslands within
THRO are widely distributed across areas with deeper soils such as plains, valleys, buttes, sand
hills, and ridges. Grasslandisoare inteéspersed with shrublands and woodlands throughout the
park, andyrassesometimes
comprise the understory of various
woody habitats (Von Loh et al.
2000). Native grasslands support a;
wide variety of wildlife, from bison
and elk to prairie dogs and
numerousird species (NPS 2010a)
The most abundant native grass
speciesn THROIinclude needle
andthread(Hesperostipaomatg,
blue gramaBouteloua gracili,
and threadleaf sedg€drex
filifolia). Von Loh et al(2000)
identifiedsix grassland alliances
THRO (five native and one

.

. . Photo 10. Native grassland in the Peaceful Valley in THRO
introduced). The native grassland (photo by Shannon Amberg, SMUMN GSS, 2010).
communities found in the park are

listed inTable21.

Table 12. Native grassland communities of THRO (Von Loh et al. 2000).

Common Name NVCS Association or Complex

Needle-and-Thread Herbaceous Alliance Hesperostipa comata i Bouteloua gracilis i Carex filifolia
Herbaceous Vegetation

Western Wheatgrass Herbaceous Alliance Pascopyrum smithii i Bouteloua gracilis i Carex filifolia
Herbaceous Vegetation; Pascopyrum smithii i Nassella
viridula Herbaceous Vegetation

Little Bluestem - Sideoats Grama Herbaceous Alliance  Schizachyrium scoparium i Bouteloua (curtipendula,
gracilis) i Carex filifolia Herbaceous Vegetation

Prairie Sandreed Grass Herbaceous Alliance Calamovilfa longifolia i Carex inops ssp. heliophila
Herbaceous Vegetation

Prairie Cordgrass Temporarily Flooded Herbaceous Spartina pectinata i Carex spp. Herbaceous Vegetation

Alliance

4.4.2 Measures

1 Species composition

9 Distribution
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1 Prevalence of nenatives

4.4.3 Reference Conditions/Values

The ideal reference condition for this component is the composition and distribution of
grasslands prior to European settlement. However, no information is available from this
historical period. The earliest description of native grasslands within THR@sclvom Hansen

et al. (1984), who identified three grassland habitat types in thehkbaskerostipa

comatdCarex filifolia, Pascopyrum smithiCarex filifolia, andSchizachyrium scopariu@arex
filifolia. These descriptions will be used as reference tiondifor species composition in the
respective grassland types present in the park today. An earlier work by Hanson and Whitman
(1938) focused on grasslands in western Northern Dakota and included these three grasslands, as
well as aCalamovilfa longifola grassland. Although not specific to the park, these descriptions
alsocan be used as secondary reference conditions for species composition.

4.4.4 Data and Methods

The USGSNPS Vegetation Mapping Program docum@fdn Loh et al. 2000yvas a major

sourceof information for this componentheNPS Inventory and Monitoring (I&M) Program
implemented this project to map and categorize the vegetation of THRO using aerial

photographyGIS analysis. Multiple sources documented the occurrence ehatives in the

parkés grassl ands: Hansen et al. (1984), Tram
data (NPS n.d.)

4.4.5 Current Condition and Trend

Species @mposition

Many of the parkodés native grasslands mave sim
which species are dominanthd most common nativgrasslandypein THRO s the Needle

andThread Herbaceous Alliance, which consists of NeadtThreadi Blue Grama

Threadleaf Sedge Herbaceous Vegetatiomddition to these three grasses, otloenmon

species include Junegras®gleria macranthg western wheatgragBascopyrum smithij

prairie sagewortArtemisiafrigida), purple coneflowerEchinacea angustifolja prairie

coneflower Ratibidacolumniferg, and the nomatives field bromeBromus arvens)sand

yellow sweetcloverNlelilotus offichalis) (Von Loh et al. 2000).

The Prairie Cordgrass Temporarily Flooded Herbaceous Alliance is characterized by prairie
cordgrasgSpartinapectinatg and sedge specieSgrexspp.) Other speciea this community
include western wheatgrass, foxtail barleip(deum jubatury) and several nenative grasses.
Curly-cup gumweedGrindelia squarrosg wild bergamotonarda fistulosg and white aster
(Aster ericoidesare commonly associated forbs, although species richness is generally low in
cordgrass stand¥on Loh et al2000).

In THRO, the Prairie Sandreed Grass Herbacedlisnée consists of Prairie Sandreed.ong-

stolon Sedge Herbaceous Vegetatiorthese gasslands, prairie sandreégi{amovilfa

longifolia) is associated with threadleaf sedge, little bluestechigachyrium scoparium
needleandthread, and prairie sagewort. Several stands in the South Unit include porcupine grass
(Hesperostipa spartgasa cadominant graminoid speci€gon Loh et al2000).
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The Little BluesterrSideoats Grama Herbaceoullighce, dominated by little bluestens rare

within the park Other species regularly found with little bluestem include sideoats grama
(Boutelouacurtipendulg, threadleaf sedge, prairie sandreed, porcupine grass, and various forbs
(Von Loh et al2000)

The Western Wheatgrass Alliance is dividedherinto two associations. The Western

Wheatgras$ Blue Gramd Threadleaf Sedge Herbaceous Vegetafhssociation is dominated

by western wheatgrass with blue grama and prairie sagas/angjor secondary species on drier
sites and green needlegralNsgella viridulg on more mesic sitg¥on Loh et al2000) Silver
sagebrush is also common, ypically with less than 25% coverade.the Western

Wheatgras$ Green Needlegrass Herbaceous Vegetation Association, western wheatgrass and
green needlegrass are codominant, although western wheatgrass is more abundant on drier sites
and green needle@siincreases on more mesic sites. Other common species include blue grama
and white sagebrush (ludoviciang. The exaic species Kentucky bluegrasellow

sweetclover, and leafy spurge are often found in both associ@tfond.oh et al2000) Table

13 summarizes the most abundant species in eftttese grassland communities.

In 2011, the Northern Great Plains Inventory & Monitoring program eskedal and surveyed
vegetation in 21 plots in THRO as part of a larger, rydtr vegetation survey (Ashton et al.

2012). Early results indicate western wheatgrass was the most common species across the plots.
In 1n? plots, an average of 10 and 12 spewiese found in the North and South Unit,

respectively.

Table 13. The native grasslands of THRO and the most abundant species in each community, as
surveyed by Von Loh et al. (2000).

Grassland community Most abundant species

Needle-and-Thread Herbaceous Alliance Hesperostipa comata, Bouteloua gracilis,
Carex filifolia

Western Wheatgrass i Blue Grama i Threadleaf Pascopyrum smithii, Bouteloua gracilis,

Sedge Herbaceous Vegetation Nasella viridula, Artemisia cana

Western Wheatgrass i Green Needlegrass Nassella viridula, Pascopyrum smithii

Herbaceous Vegetation

Little Bluestem - Sideoats Grama Herbaceous Alliance ~ Schizachyrium scoparium, Bouteloua
curtipendula, Carex filifolia

Prairie Sandreed - Long-stolon Sedge Herbaceous Calamovilfa longifolia, Carex filifolia
Vegetation

Prairie Cordgrass Temporarily Flooded Herbaceous Spartina pectinata, Pascopyrum smithii,
Alliance Hordeum jubatum
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Distribution
Native grasslands cover over 10,0@0hTHRO. Their distribution is shown iRlate2,

Native Grasslands - South Unit :::g:;grreka(sz::g: Inventory and Monitoring Network 7

Theodore Roosevelt National Park U. S. Department of the Interior

E Administrative Bounda

Native Grasslands

Theodore Roosevelt National Pz
&
Saint Mary's University of Minnes

0 1.5 3
N

..‘QF),.

Universal Tranverse Mercator Zone
North American Datum 1983

(g

/,/ eSS e

Plate3, andPlate4. Needleandthread grasslands are the most widely distributed type, with
western wheatges grasslands a distant secaddedleandthreadoccurs in dry areas on plains,
flats on buttes, plateaus, on top of mesas, and dry hillditesLoh et al2000). Large areasf
thesegrasslands occur on the Petrified Forest Plateau and Big Platé@&south Unit, and on

the Achenbach Hills of thhorth Unit. The Western Wheatgrass HerbaceolisAce generally

is found in broad floodplains, moist swales, and slopes below badland formations where runoff
water is availabl€éVon Loh et al2000).

The Little BluestemSideoats Grama Herbaceoullighceoccurs in smalpatches on moist north

and east facing slopgsut is also common in the understory of several shrubland types,
particularly creeping juniped(niperus horizontalis(Von Loh et al2000) Prairie Sandreed

Grass Herbaceousdllfance grasslands occur in small stands on knolls, hilltops, slopes, and at the
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heads of mesic draws in both tRerth andSouth Units of THRO, ofteron gavelly or sandy

soils Finally, the Prairie Cordgrass Temporafiipoded Herbaceouslliance is found

sporadically in the Little Missouri River floodplagnd ismost noticeable ne&cenic Driven
theNorth Unit. This vegetation occurs in areas where the water table is close to the surface or in
depressions holdg water following flood event®/on Loh et al2000).The area covered by

each grassland alliance in the park is showhaible 14.

Table 14. Area (in hectares) covered by native grasslands in THRO. GIS data from Von Loh et. al.
(2000).

Common Name North Unit  South Unit EHR Total
Needle-and-Thread Herbaceous Alliance 2,182.8 7,126.4 3.5 9,312.7
Western Wheatgrass Herbaceous Alliance 369.5 832.2 0.8 1,202.5
Little Bluestem - Sideoats Grama Herbaceous 75.6 9.4 -- 85.0
Alliance

Prairie Sandreed Grass Herbaceous Alliance 12.8 44.6 -- 57.4
Prairie Cordgrass Temporarily Flooded 11.6 -- -- 11.6

Herbaceous Alliance

Prevalence of Nomatives

In addition tothe five native grasslands, Von Loh et(@000 mapped an Introduced Grassland
Alliance in the park. This alliance covered 146 ha in the North Unit and 192 ha in the South Unit
for a parkwide total of 338 haHlate5 andPlate6). Kentucky bluegrass igne of the most
widespreadxotic grasssin THRO, dominang the eastern ption of the South dit. This

species is present on many of the more moist areas in the park where western wheatgrass would
be expected to occuvyén Loh et al2000).The other dominant nenative grasses in the park

are crested wheatgraasd smooth bromeé\dditionalnonn at i ve speci es documer
grasslands as of 2000 are listedable15. More recent nomative plant survey efforts have not
identified the plant community where each species has been found. A full list-obhea plant
species in the park (many of which are likely found in native grasslands) can be found in
AppendixC. Grassland areas sampled in the park during 2011 asfartNGPNplant

community monitoringprogram averaged 17% (+12.4%) faative species cover in the North

Unit and 16% (+15.7%) in the South Unit (Ashton et al. 2012).
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Table 15. Non-native species documented in THRO grasslands (Hansen et al. 1984, Trammell 1994, Von

Loh et al. 2000).

Common Name

Scientific Name

Field brome
Cheatgrass
Lambsquarters
Barnyard grass
Leafy spurge
False flax
Prickly lettuce
Yellow sweetclover
Alfalfa
Dandelion
Yellow salsify

Bromus arvensis
Bromus tectorum
Chenopodium album
Echinochloa spp.
Euphorbia esula
Camelina microcarpa
Lactuca serriola
Melilotus officinalis
Medicago sativa
Taraxacum officinale
Tragopogon dubius

Threats and Stressbactors

Non-nativeplants have invaded the native grasslands of THRO and have become dominant in
some areas of the paik addition to altering native species composition,-natives caralter

natural processes such as fire, nutrient cycling,eaasion (Von Loh et al. 2000)s of 1994, 36
nortnative plant species had¢en observed within the park during field surv@ysiuhmell
1994. By 2011, over 60 nonative species were documented in the park with many more

thought to be present (Append}. The most problematic and aggressias-nativeplantsin

THRO are leafy spurgandCanada thistleGirsium arvensg In 2011, THRO and EPMT staff

chemically treated infestations of Canada thistle in North Unit grasslands and leafy spurge in

South Unit gasslandsl(. Richardsonpers. comm.2012).Non-native grasses introduced from
pasture lands includgested wheatgrasKentucky bluegrass, and smooth broier{ Loh et al.

2000).

Fire suppres

over native specie§\(hisenant and Uresk 199C-ire was viewed as a danger to people,

sion is

anot her

ts bne ef thé mosto
important processes in the maintenance of grassland systems (Anderson 1990), as it reduces
competition from woody specieSrequent fires are important for maintaining native species
diversity and also positively impact other grasslamehjgonents, such as nutrient cycling and
productivity (Collins and Wallace 199®ire suppression often leads tmiperand other woody
specieencroachment into native grassland®§ 1994201M) and can favor nenative plants

t he

property, and resources for much of th& 2éntury and was suppressed all across the Great
Plains (NPS 2010b). Fire returned to the landscape of THRO in the form of prescribed burns in
thelate 1990s. Further discussion of fire in THRO is found in section 4.1 of this assessment.
c ur r e nl. Righar@gsonpehsicoenent2012)o

Overgrazing

Data Needs/Gaps

While the park is monitored annually for roatives pe ci e s,

i s not

Von

Loh

et

mapping projectemains the most comprehensive survey conducted in thelp&®811, a plant
community composition and structure monitoring was initiated by the NGPN and baseline data

was gathered in all netwogarks. Twentyone plots (16 upland and five riparian) were sampled

par

t he

al

in THRO (Ashton et al. 2012). Over time, this monitoring data will allow for a better comparison

of current grassland condition to earlier reports (e.g., Hanson and Whitman 1938, Hahsen et
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1984). An updated vegetation mapping effort would also help to identify the extent of juniper
and other woody encroachment into park grasslands.

Overall Condition

Species Composition

During initial scoping meetings, THRO staff assigned the meass@eofes composition a
SgnificanceLevelof 3. Von Loh et al.ds (2000) grassl ar
slightly different than those in Hansen et al. (1984) and Hanson and Whitman (1938). While Von
Loh et al . 6s ( 20 0le-andtdread lrerbaceotsialbance s Very similar ton e e d
Hanson and Whitman (1938), it differs from Hansen et al. (1984) who reported very little blue
grama and more western wheatgrass irHbgperostipa comat@arex filifolia habitat type.

Hansen et al. (199 also reported minimal blue grama and green needlegrasshashepyrum
smithiVCarex filifoliah abi t at type, two grasses that we
al.o6s (2000) descriptions. Some cefoclimhte se d
variability, fire regime, and land use shifts (e.g., grazing). These differences are worth further
investigation andhis measure itherefore assigned@ondition Levebf 1 indicating low

concern. In the future, data from the NGplant comnuinity monitoring can be used to assess
this measure.

re |
i f f

Distribution

A Significance Leveadf 3 was assigneid the measure of distribution. Since there are no historic

or more recent distribution maps that are dir
distribution data, £ondition Levetannot be assigned. Data from the NG#&ht community

monitoring may also be useful in assessing this measure in the future.

Prevalence of Nonatives

A Significance Leveabf 3 was assignei the prevalence of nemaive species measure. Non

native grasses have become dominant in several areas within THRO and have the potential to
expand further into native grasslands. Several othenatwe species, particularly the

aggressive leafy spurge, have been documentédentpar k6s nati ve grassl ar
was assigned @ondition Levebf 2, indicating moderate concern.

Weighted Condition Score

TheWeighted Condition&®re (WCS) for native grasslands in THRO is 0.500, indicating
moderate concern. The trend is cutlegnnknown, although the new network vegetation
monitoring program should help to fill this gap in the near future.
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Native Grasslands

Measures SL CL
e Species composition 3 1
e Distribution 3 n/a WCS = 0.500
® Prevalence of non-natives 3 2

4.6.1 Sources of Expertise
Laurie RichardsorBotanist, THRO
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Plate 2. Native grassland alliances in the North Unit of THRO.
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Plate 3. Native grassland alliances in the South Unit of THRO.
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Plate 4. Native grassland alliances in the Elkhorn Ranch Unit of THRO.
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Plate 5. The introduced grassland alliance in the North Unit of THRO.
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Plate 6. The introduced grassland alliance in the South Unit of THRO.




4.5 Juniper Forests

4.5.1 Description
Juniper forests are considered a distinct vegetaype in THRO and occur primarily on notth
facing hill slopes in the park. This forest type, dominated by Rocky Mountain judip@pérus
scopulorun), is the most common wooded plant community in the park (NPS 2010a). Juniper
forests are important feslowing erosion on slopes and are the preferred habitat fo€Cefkys
elaphug in THRO (NPS 2010a). Bentjke cones produced by

junipers are a critical food source for several bird spégies
the par k, 1 nchboltaresi{gadesteswn s e §
townsend), cedar waxwingsBombycilla cedrorum
Bohemian waxwingsH. garrulus), and American robins
(Turdus migratoriuy (NPS 2010a).

Juniper forests in the padftenare woodedienselywith thick
tree canopies (Von Loh et al. 2000). Green &shxinus
pennsylvanicaand chokecherryRrunus virginiana are also
common but at much lower densities. Characteristic
understory species include litteeed ricegras©fyzopsis
micranthg , mosses and | ichens,
(Maianthemum stellatunHansen et al. 1984, Von Loh et al.
2000).

4.5.2 Measures

I Distribution Photo 11. Rocky Mountain juniper
in THRO (Photo by Shannon
1 Density Amberg, SMUMN GSS 2010)

4.5.3 Reference Conditions/Values

The ideal reference condition ftiis component would be the composition and distribution of

juniper forests prior to European settlement. However, no information is available from this

hi storical period. The earliest description o
whostdi ed the structure and ecology of fAnorth s
will act as the reference condition for density in this assessment. For the distribution measure,

Von Loh et a-bB7végstationdnappiQg)datd vEllS& vetlas reference condition.

4.5.4 Data and Methods

Von Loh et al. (2000) used remote sensing to map vegetation in THRO and provided the
majority of information regarding juniper forests in the particularly regarding distribution
Ralston (1960) also pvided stand density data for several juniper forests in the park. Density
measurements were calculated using the quarter method (Cottam and Curtis 1956) in 12 juniper
stands in the North and South Units of THRO (Ralston 1960).
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4.5.5 Current Condition and Trend

Distribution
Rocky Mountain juniper often covers
steep nortHacing slopes in the
badlands, facing away from direct
sun where there is less surface
insolation, conditions are cooler,
snow remains longer in the spring,
and moisture evaporates less readil
(Godfread 199 It is widely
distributed across THRO, most ofte
forming dense woodlands in
drainages and draws, but also
occurring on ridges, hill tops, and
slumps on side slopes (Von Loh et
al. 2000). Nelson (1961) states that
this vegetation typgenerallyis

foun_dor_] SlOp?S of scoria or Clay’ ANlphoto 12. Juniper forests in the North Unit of THRO (Photo
that juniper will generally cover the py shannon Amberg, SMUMN GSS 2010).
slope from its base to the summit.

Plate7, Plate8, andPlate9 display the area covered by the Rocky Mountain juniper alliance as

of 2000 in the North, Sdh, and Elkhorn Ranch Units of THRO, respectively. Based on GIS

data, this vegetation alliance is slightly more widespread in the North Unit. GIS data are also
available for the distribution of thiuniperus scopuloruf®ryzopsis micranth&abitat type in

the park as of 1984 (Norland 1984). Although not directly comparable due to slight methodology
differences, a comparison of total juniper forest area in 1984 and 2000 suggests that these forests
have expanded over time. According to 1984 GIS dataluhperus scopuloruf®ryzopsis
micranthahabitat type covered approximately 1,000 ha of THRO (just under 500 ha in the South
Unit and just over 500 ha in the North Unit). By 2000, GIS data show Rocky Mountain juniper
woodland covering approximately 3,800 halaf park (about 2,200 ha in the South Unit and

1,600 ha in the North Unit) (Von Loh et al. 2000).

Density
No recent information is available regarding

Stand density data is being gathered as part dfi@eN plant community monitoringbut this
monitoring has just completed its first year

Ralston (1960) calculated densities for 12 juniper stands in THRO

83



Table16). Stands with the highest density also exhibited the greatest reproduction rates. Density
appeared to be related to fire intensity, with stands exposed to higher intensity fires actually
showing higher densities (Ralston 1960).
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Table 16. Tree densities for THRO juniper stands sampled in 1960 (Ralston 1960).

Stand Density (trees per acre)

Ash Juniper Total Juniper saplings (trees/m?)
101 19.5 759 778.5 0.30
102 - 1286 1286 -
103 - 970.37 970.37 0.20
104 34.3 880.7 915.00 0.2875
105 154.8 619.6 774.4 0.325
106 134 844 978 0.1125
107 292 770 1062 -
109 11.44 903.56 915 0.25
110 1041.7 852.3 1894 -
111 134 763 897 0.162
112 23 906 926 0.10
116 177.4 1241.6 1419 -

Threats and Stressor Factors

Non-nativeplant species constitute a threat to the juniper forests of THR€se species can

impact native species composition and alter natural processes such as fire, nutrient cycling, and
erosion (Von Loket al. 2000; as reviewed by Brooks et al. 200RO and EPMT staff have

been chemically treating infestations of Canada thistle in North Unit juniper forests and leafy
spurge and Canada thistle in South Unit forests annually for nearly a decade (NRStmed.
nortnatives documented in juniper stands are field brome, yellow sweet clover, Kentucky
bluegrass, lambsquarters, dandelion, and yellow salsify (Hansen et al. 1984, Trammell 1994,
Von Loh et al. 2000).

Rocky Mountain junipegenerallyis considered intolerant of fire. Particularly intense fires can

kill all but the largest junipers in a stand (Scher 2000). However, without fire juniper woodlands
will expand and eventually encroach into other native plant communities (Burkhardt and Tisdale
1976, NPS 2010b). The majority of Rocky Mountain juniper stands sampled during the THRO
vegetation mapping program showed evidence of historic burns (Von Loh et al. 2000). Some
evidence suggests that juniper stands that experienced fires of a certaityiatenally

increased in stand density and reproduction over time (Ralston 1960).

Data Needs/Gaps

Density and other stand structure data is | ac
managers better understand the juniper encroachment occuartimgpark NGPN plant

community monitoringvill contribute some stand density information over time. Also, the

distribution of juniper has not been mapped since 2000. Updated distribution data would help
identify any vegetation changes (e.g., juniper eachment) occurring in the park.

Overall Condition

Distribution

A Significance Levedf 3 was assigned to the measure of juniper forest distribution. Evidence
suggests that juniper distribution has expanded in the park over time, perhaps due to a long
period of fire suppression. Junipers are encroaching on other native plant communities, which is
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a concern for park management. Therefore, this measure is assigaadition Levebf 2,
indicating moderate concern.

Density
A Significance Leveadf 3 was asigned to the measure of juniper forest density. Since no recent
density information is available for the parkCandition Levetould not be assigned.

Weighted Conditionc®re

A Weighted Condition&re (WCS) could not be calculated for the junipereftrcommunity in
THRO, since &ondition Levelvas only assigned for one of the two measures. As a result, the
condition and trend of juniper forests in the park are considered unknown.

Juniper Forests

Measures SL CL
e Distribution 3 2
_ WCS = N/A
e Density 3 n/a

4.5.6 Sources of Expertise
Laurie RichardsorBotanist THRO
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Plate 7. Rocky Mountain Juniper Alliance in the North Unit of THRO.
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Plate 8. Rocky Mountain Juniper Alliance in the South Unit of THRO.
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Plate 9. Rocky Mountain Juniper Alliance in the Elkhorn Ranch Unit of THRO (based on 1996 aerial imagery). Juniper stands in the northwestern
corner are no longer visible in 2004 aerial photography, as this area burned in the Elkhorn wildfire that occurred in August 2001.



4.6 Floodplain Woodlands

4.6.1 Description

Floodplain woodlands are areas dominated by trees with less than 60% canopy/oavast{

et al. 2000), occurring along th@nks of the Little Missouri River and its major tributaries in
THRO (Miller 2005). Sometimes referred to as gallery forests (Norland 1984, Girard et al.
1989) or morebroadly as bottomland forests (Nelson 1961), they are primarily characterized by
cottorwoodwillow (PopulusSalixsp) woodlands (Miller 2005)Floodplain woodlands at

THRO are dominated by plains cottonwo@&tpulus deltoidesubspMonilifera).

Photo 13. Floodplain woodlands along the Little Missouri River in the North Unit of THRO (photo by
Shannon Amberg, SMUMN GSS 2010).

Native woodlands represent less thé&aof the southwestern North Dakota vegetation (Jakes
and Smith 1983); floodplaiwoodlandsalong the Little Missouri River represeamsubset of
these woodlands. The plant communigdisancesrelated to floodplain woodlandalong with
thosealliancesghatmaysucceed to dirom floodplain woodlands, are listed Trable17.
Accordingto GIS data (Va Loh et al. 2000), cottonwood woodlaratsd other related map units
listedin Table 17make upapproximately 55% of the EHR, 7% of the NorthitJand 1% of the
South Unit, and 3.49%f the total land areacross the three units ®HRO. Despite the small
proportion on the landscape, these woodlardkassociated alliancpsovide valuable habitat
for many wildlife species in THRO including wigttailed deer @docoileus virginianus(Nelson
1961), numerous bird species, porcupiBgthizon dorsaturjy and beaverGastor canadensjs
(NPS 2009).

Reproduction and age structure of cottonwood woodlands are controlled by river flooding and
channel migration. Survival of woodland species during drought depends upon a water subsidy
from the river. Reproduction and survival of these woodlands hasrbpaired globally by
construction of dams and channel stabilization that limit flooding and channel migration, and by
summer water withdrawals that cause drought mortality. The Little Missouri River in THRO is a
rare example of a large river with minim&w regulation, channel stabilization, or land

clearing. As a result this forest includes the oldest known plains cottonwood trees in the world
(up to 371 years, Friedman petemm., 2012 and the age structure and spatial patterns of
cottonwood trees see as a reference example of the natural condition for this plant community.
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