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Executive Summary

The Natonal Park Servic§NPS)Natural Resource Condition Assessment (NRCA) Program
administered byhe NPS Water Resources Divisievaluates current conditions for important

natural resources and resource indicators ygingarily existing information and data. NRCAs also

report on trends in resource condition when possible, identify critical data gaps, and characterize a
general level of confidence for study findings. This NRCA complentestsricalresource

assessmentss multi-disciplinary in scope, employs a hierarchical indicator framework, identifies

and develops reference conditions/values for comparison against current conditions, and emphasizes
spatial evaluation of conditions and GIS (map) products.

The NRCA forPipestone National Monument, Minnesota began in ZDA&. study employed a
scoping process involving Colorado State Universitgnumentand NPS staff to discuss the NRCA
framework, identify importanpark resources, and gather existinfprmationand datalndicators

and measurd®r each resourceere theridentified and evaluate®ata and informatiowere
analyzed and synthesized to provide summaries and address condition, trend and cardidgrace
standardized but flexible framework

Pipesbne National Monument was created in 2@@7administer and protect the pipestone quarries,
preserving the quarrying of pipestone for Indians of all tribes; to preserve, protect, and interpret the
cultural and natural resources associated thigimonumern; and to provide for the enjoyment and
benefit of all peopleThe nonument has significance as a result of its important and unique natural
and cultural features and ethnographic landscapes. These features combine to provide an unusual
array of habitatsugpporting a diverse assortment of prairie plants and animals and rare habitats,
federally listed threatened and endangered species, and globally rare remnant plant communities.

A total of 18 focal resources were examined: six addressing landscape esgit®m and human
dimensions, three addressing chemical and physical attributes, eight addressing biological attributes,
and one addressing an integrated natcw#tbiral topic. Landscape contexsystem and human
dimensions included land cover and lars#, night sky, soundscape, scenery, climate change and fire
disturbance regime. Climate change and land cover/land use were not assigned a conditioin or trend
they provide important context to the park and many natural resources, and can be a stnese of

and management concern. Landscape cont@rponents that were assigned a resource condition
uniformly warranted moderate concern with a deteriorating tiémlno accident that the trend is

similar for scenery, night sky and soundscape. These tiesources are all affected by land cover

and land use occurring inside and outside the park, and are anticipated to deteriorate as changes
continue to occur. The park is particularly susceptible to these stressors due to its relatively small
size, whit minimizes internal bufferinglhe fire regime warranted moderate concern with a
downward trend, and might be significantly ameliorated via planning, programmatic and budgetary
measures.

Chemical and physical resources included air quality, water gaalitystream hydrology and
geomorphologyAir and water quality warranted significant concern while stream hydrology and
geomorphology warranted moderate concern. Conditions were estimated to be unchanging for two
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out of three resources. All components sigmificantly impacted by factors and activities related to

land uses outside the park boundary. The condition of these resources adversely affects human
dimensions of the park such as visibility and scenery as well as biological components such as stream
biota.

Biological resources included floristic components (prairie vegetation, western prairie fringed orchid,
Sioux quartzite prairie community, invasive exotic plants) and faunal components (aquatic
macroinvertebrates, bird community, fish communityd @opeka shiner)All faunal resources

examined warranted moderate concern. Climate change vulnerability was integrated into the
assessment of western prairie fringed orchid and Sioux quartzite prairie, and contributed to a
deteriorating trend for the quaite prairie. The park has some excellent examples of relatively rare
species and communities. However, challenges related to invasive plant management and fire regime
contribute to moderate ratings and some declining trédk.the exception of aquatic

invertebrates, faunal resources were considered to be in good condition. Based on available
information, trends in all resources were unchanging.

The pipestone quarrigan integrated natural/cultural resouraereconsidered to be in good

condition with an unchanging trend. Management concerns for this resource consist of water
management within the quarries and exposure to potentially contaminated water. Planning for the
sustainable use of the catlinite quarries is critical to bridging the culturaledndal landscape

el ements and meeting the parkds primary mission

Ecosystem stressors impacting park resources and their management exist both inside and outside
park boundaries. Altered disturbance regimes such as fire and flooding, conversion and
fragmentation of natural habitats, spread of invasive exotic plants and animal species that threaten
regional biological diversity, altered hydrology and channel degradation of streams, and water
pollution appear to be significant stressors of biologicaliess. Other resources related to human
dimensions (including cultural/ethnographic featusgh as scenery, natural sounds and night sky
arestressed or directly affected by changes in land uses and land cover, population and housing
densities, traffiand wind energy development. Climate change was estimated to contribute to the
vulnerability of sensitive resources such as Sioux quartzite prairie, Topeka shiner and western prairie
fringed orchid. Many of the resources were found to have interrelagsgais, the most common
stressors being invasive plants, increased development and altered watershed characteristics.

In some cases significant data gaps contributed to low confidence in the condition or trend assigned
to a resource. Primary data gaps andertainties encountered were lack of recent survey data;
uncertainties regarding reference conditions; availability of consistentiéomgdata; and scientific
understanding ahe ecology of rare resourcésndings fromthe NRCA will help nonument

managers to develop ne@@rm management priorities, engagevatershed or landscajseale
collaboration and education efforts, conduct park planning, and report program performance.
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1. NRCA Background Information

Natural Resource Condition Assessments (NRCASs) evaluate current conditions for a subset of

natur al resources and resource i ndHNRCAsabkooepst i n na
on trendsn resource conditiofwhenpossible)jdentify critical data gaps, antharacterize general

level of confidence for study findings. The resources and indicators emphasizgiy@mproject
dependothepar k6s resource setting, status of resour
identifying highpriority indicators, and availability of data and expertise to assess current conditions

for a varietyof potential study resources and indicators.

NRCAs repesent a relatively new approach to assessiﬁ _ \
and reporting on park resource conditions. They are NRCAs Strive

meant to complemedtnot replacé traditional issue Credible condition reporting fc

and threabased resource assessments. As distinguishing  a subset of important park

characteristics, all NRCAs: natural resources and
indicators

§ are multidisciplinaryin scope*
Useful condition summaries |

broader resource categories
topics, and by park areas /

f employ hierarchical indicator frameworks

1 identify or develop reference conditions/valtes
compaison againsturrent conditior? \

f emphasize spatial evaluation of conditions and GIS (map) prgtiucts
f summarize key findings by park areass®
9 follow national NRCA guidelines and standards for study design and reporting products

Although the primary objectivef NRCAs is to report onurrent conditioarelative tological forms
of reference conditions and values, NRCAs also report on treses appropriate (i.e., whehe

! The breadth of natural resources and number/type of indicators evaluated will vary by park.

2 Frameworks help guideamuttii sci pl i nary selection of i podingofalator s and
for measure$ conditions for indicatory condition summaries by broader topics and park areas

¥ NRCAs must consider ecologicalbased reference conditions, must also consider applicable legal and regulatory
standards, and can considé¢iner managemeisspecified condition objectives or targets; each study indicator can be
evaluated against one or more types of logical reference condieiesence values can be expressed in qualitative
to quantitative terms, as a single value or rasfgealues; they represent desirable resource conditions or,
alternatively, condition states that we wish to avoid or that require a follosesponse (e.g., ecological thresholds

or management Atriggerso).

* As possible and approprialeRCAs describe catition gradients or differences across a park for important natural
resources and study indicators through a set of GIS coverages and map products.

® In addition to reporting on indicatdevel conditions, investigators are asked to take a bigger pichme
holistic) view and summarize overall findings and provide suggestions to managers onlanaesabasis: 1) by
park ecosystem/habitat types or watersheds, and 2) for other park areas as requested.



underlying data and methods supparth reporting), as well as influences esaurce condition

These influences mawpclude past activities or conditions that provide a helpful context for
understanding current condaitis and/orpresentday threats and stressors that are best interpreted at
park, watershed, or landscape scétlesugh NRCAs do not report on condition status for land areas
and natural resourcé&®yond park boundarigdntensive causandeffect analyse of threats and
stressorsanddevelopment of detailed treatment opticargoutside the scopaf NRCAs

Due to their modest funding, relatively quick timeframe for completiod reliance on existing data
and information, NRCAs are not intended to be exhauslIiveir methology typically involves an
informal synthesis of scientific data and information from multiple and diverse sources. Level of
rigor and statistical repeatability will vary by resource or indicator, reflecting differeneassting
data and knowledge bases across the varied sardgonents.

The cedibility of NRCA results is deriveftom the data, methods, and reference values used in the
project work whicharedesigned to bappropriate for the stated purpadehe project, as well as
adequately documenteior

each study indatorfor which / Important NRCA Success Factors \
current condition or trend is Obtaining good input from park staff and other NF
reportedwe will identify subjectmatter experts at critical points in the proje
critical data gaps and describe timeline

thelevel of confidence in at
least qualitative terms.
Involvement of park staff and
National Park Service (NPS)

Using study frameworks that accommodate meanil
condition reporting at multiple levels (measuyes
indicators/ broader resource topics and park arez

subjectmatter experts at critical Building credibility by clearly documenting the dat
paints during the project and methods used, critical data gaps, #&kl of
timeline is also important \ confidence for indicatetevel condition findings J
These staff will be asked to

assistwith theselection of study indicatareecommend data sets, methods, and reference conditions
and values; and help provide a mudlisciplinary review of draft studyrfdings and products.

NRCAs can yield new insights about current park resource conditioyig Iouiny casegheir

greatest value may be the development of useful documentation regarding known or suspected
resource conditions within parks. Reporting pratdican help park managers 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 sciencbased information that tsothcredibleandhas practical uses for a variety of
park decisioomaking, plannig, and partnership activities.

However, it is important to note thBRCAs do not establish management targets for study
indicators.That process ost occur through park planning and management activities. What an
NRCA can do is delivesciencebased information thatill assistpark managerms theirongoing,

longterm efforsto describe and quantiggp ar k 6s desired resource condi

t



targets. In the near term, NRCA findings assist strategic park resource planmdritelp parkso
reporton government accountability measufda addition, althoughri-depth analysis ahe effects
of climate change on park natural resources is outsidectige of NRCAS, theondition analyses
and data sets developtnt NRCAs will be useful for pardevel climatechange studies and planning
efforts.

NRCAsalsoprovide a useful complement to rigorddBS science support prograraach as the
NPSNatural Resourcdsiventory& Monitoring (I&M) Progran For example, NRCAs can provide
current condition estimates and help establish reference condardmesseline valuegor some of a
par k 6s wonttoairlg indicatgrsr Ehey can aldoaw upomonNPS data to help evaluate
current conditions for those same vital signs. In some ci#&ddsgata sets are incorporated into
NRCA analyses and reporting products.

4 A

NRCA reporting productsprovide acredible, snapshein-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
need and/or high opportunisituations(nearterm operational planning and management)

| mprove understanding and quantification
and Aot her i mportant 0 (longerterm strategic plaang)r c e ¢

Communicate succinatessages regarding current resource conditions to government progre
managers, to Congress, and to the general pyblicr e sour ce condi ti o

- /

Over the next several years, the NPS plans to fund a NRCA project for eaclapptbrimately
270 parks served by the NP&M ProgramFor more information on thieRCA program visit
http://nature.nps.gov/water/nrca/index.cfm

® An NRCA can be useful during the developmenaof par k6s Resource Stewardship Str
tailored to act as a peRSS project.

" While accountability reporting measures are subject to change, the spatial and réfasstteondition data
provided by NRCAs wil|l be useful for most forms of #fAr e:
NPS, the Department of the émior, or the Office of Management and Budget.

® The | &M program consists of 32 networks nationwide tha
assess the condition of park ecosystems and develop a stronger scientific basis for steavatdshipagement of
natur al resources across t hreashsdt of physicdl, cheraicalkandShjoledical m. AvVi:

elements and processes of park ecosystems that are selected to represent the overall health or condition of park
resourcesknown or hypothesizedfects of stressors, or elements that have important human values.


http://nature.nps.gov/water/nrca/index.cfm




2. Introduction and Resource Setting

2.1. Introduction

2.1.1. Enabling Legislation/Presidential Proclamation ~ °

The park purpose, mission goals, and legal and policy mandates guide the management of Pipestone
National Monument. These missiand mandate statements define the parameters within which all
management actions must fall. All alternatives to be considered in the general management planning
effort must be consistent with and contribute to fulfilling these missions and mandates.

Legislation creating Pipestone National Monument was passed by Congress and signed by the
Presidenbn August 25, 1937The legislative purpose of the Monument is threefold:

1) to administer and protect the pipestone quarries, reserving the quarrying tdrpepes Indians
of all tribes;

2) to preserve, protect, and interpret the cultural and natural resources associated with Pipestone
National Monument; and

3) to provide for the enjoyment and benefit of all people.

Missiongoalsof the monument are to:

1 continue to provide for American Indian use and access for the quarrying pipgbgtone and
cultural uses;

1 preserve and protect ltural and naturatesources; and

1 provide for the public use, enjoyment, and understanding of Pipestone National Monument.

The aiginal boundary encompassed approximately 116 acres. The Three Maidens tract was added to
the monument in 1951. After closure of the Indian School in 1954, 164 acres were adéded to th
monument in 1957 (Murray 196Bothman and Holder 1992)oday monumeniands total
apprximately282 acres owned in fee.

Pipestone National Monument is listed in the National Register of Historic Places. The memorandum
of understandingMOU) of 1983 between the National Park Service and the state placed Pipestone
National Monument on the Minnesota Natural Heritage Register because it has features of

Mi nnesotads nat ur aleMOU,these landsase vitalAodhe devetopmami t o t h
maintenance of a system of areas with scientific and/or natural values for the research and teaching

of conservation and for the preservation of valuable plant and animal species and communities.
Specific features of interest are the Siguartziteoutcropsand associated Sioux quartzite prairie

and eleven species designated endangered, threatened, or of speciallotieetate. Nine

federallylisted and/or statéisted species are now presenthe hational monument.

° Excerpted from NPS (2008a)



2.1.2. Geographic Setting

Pipestme National Monument (PIPE) is locatedrural southwestern MinnesataPipestone
County(Figure2-1). The population of Pipestone County was 9,596 (according to 2010 Census
records), a 3% decrease in populations since the 2000 Census. Three incocponatedities exist

in Pipestone County: Edgerton, Jasper, and Pipestone. Pipestone, the county seat, is the most
populous community (4,317 residents) and borders the national mondiemtark is located

within the Inner Coteau Subsection, which occupiesextreme southwest corner of Minnesota and
includes parts of southeastern South Dakota and northwestern lowa. This high plain lies west of
Buffalo Ridge, which is the western boundary of the Coteau Moraines Subsection. This subsection
contains severalvers but very few lakes. Agriculture is the predominant land use here, and few
remnants of prairie and wetlands remain. Gravel and boulder mining occurs in this subsection,
particularly on ridges of prairie and grasslands where iacgée windpower prodiction is

expanding (MDNR 2006).

2.1.3. Monument Significance

Pipestone National Monument has significance as a result of its important and unique natural and
cultural features and ethnographic landscapes. The following attributes centalbe significance

of the monument:

1) the nonument is the only location where American Indians have quarried the red pipestone
(catlinite) from very early times to the present;

2) the nonument is significant as a sacred site associated with American Indian spiritual beliefs and
cultural activities;

3) the nonument is significant for its history of American Indian and Europ&arerican contact
and exploration in the early 1800s, specific quarrying rights, and the ¢hpdsatian School
(1893 1953);

4) the nonument protects a sigrefint cultural/ethnographic landscapad

5) the nonument is significant for the landscape it protects, which consists of the tallgrass prairie
that developed in association with Native siteds
high qualityprairie is exceedingly rare in the region

These features combine to provide an unusual array of habitats supporting a diverse assortment of
prairie plants and animals and rare habitats, federally listed threatened and endangered species, and
globally rare remant plant communities (NPS 2008a).
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2.1.4. Ethnographic Resources and Cultural Use

The park is renowned as the location of catlings
quarries, but also contains other resources of [\ /" «af
cultural and ethnographic significance that aré;
spatially and/ofunctionally associated with the
qguarries (Zedeno and Basaldu 20Bdighes '
and Stewart 1997 The National Park Service
defines ethnographic resources as
fél andscapes, object
sites and structures that are important to a
people's sese of purpose or way of life. In
other words ethnographic resources are the
kinds of resources managed by many other
branches of the National Park Service, but
understood from the viewpoint of peoples or The Three Maidens, with prairie restoration in

groups for which they have a special foreground (CSU photo).

importancedif er ent from that enj@&yed by the publicbo

Pipestone National Monument houses a number of such resources that include quarries, the Three
Maidens, Winnewissa Falls, Leaping Rock, Pipestone Creek, the Oracle and petroglyphs.
Collectively,these esources form a cultural landscape originally focused on quarrying of the sacred
pipestone. Traditionally the:

0é Pipestone cultural landscape reflected systematic ceremonial usesarypeople that
were associated with quarrying pipestone. Uaiving at the site, theyould set up camp
away from the quarries. Once greeted by thunder and lightning stormsethwould make
ceremonial camps near the Three Maidens and begin to prepare themseleassing in
the creek, and giving prayers atatbacco offerings at the Three Maidens, gageway into
the sacred areas of Pipestone. If thunder and lightning greeted them, the plaeartateir
prayers and given them permission to enter the site. If thunder and lightning dictant
the men mg have returned to the ceremonial camp for more preparation or to theamgin
to prepare for the return homdaving entered the quarry siéeshe men who were not
guarrying might continue with sweats and prayers until they neeeed in the quarries.
Upon entering a quarry, each man would make a tobacco offerinditate their purity and
to protect them while they worked. When they were done, they toakférergs with them
so that they took all signs of themselves to show respect for the spthitssaicred area 0
(Toupal et. al. 2004:122)

Traditionalceremonial uses of the area also contributed to the maintenance of vegetatimn used
domestic, medicinal and ceremorpairposes as collectiomas done in a manner that sustained the
species of irgrest.Fire, natural and human caused, contributed to this maintenance cycle of

vegetation as well. The creek was an integral part of the rite of passage for young men as well a place
for ablutions prior entering the quarry are@®upal et al. 200Mails 1999. Many of these

(



traditional uses have been curtailed or eliminated as a
result of changes introduced subsequent to-Euro
American settlementln the contemporary Pipestone

| andscapeé qu araditpnalagivity s t he
that remains, with the exception of occasional,
minimal plant gathering for uses elsewhere. Vision
guests, ritedf-passage, and curing ceremonies are
not known to continue. The Sun Dance, a new
religious use for this area, now occursiaally"

(Toupal et al. 2004133). Selected ethnograx
resources are briefly described below:

The pipestone @arries have been and remain the
focus and reason for the cultural importance of the
area(see Chapter 4)

The Three Maidenswere traditionally the gateway
to the quaties and a respectful distance was kept

Lo, between them and those wishing to enter the area.
Leaping Rock (CSU photo). Encroachment upon these sacred stones has reduced
the privacy and seclusion required for ceremonial use
of this location. It is conceivable, though unlikely, thas tahcroachment could be mediated through
land acquisition and extension of the park boundafies. seera unlikely in the foreseeable future.
Keeping visitors further away from the stones and not allowing climbing up or defacement may help
to improve the condition of this resource.

Winnewissa Fallsforms where Pipestone Creek drops over a quartzite cliffifeaTlhe fallsvere

blasted andhe creek channel lowered and straightened above thénfétis early 20th century in an

effort to reduce flooding and improve agricultural drainage in adjacent lands. The result has been that
the adjacent falls that onflewed during the rainy season no longer do so. Furthermore a bridge

over Pipeston€reekis located only a short distance from the falls. These factors have changed the
nature of the falls somewhahdalso reduced the opportunity for privacy during ceveies.

The Oracle/Old Stone Face/Leaping Rockuartzite features figure into Native American lore and
history. The featureare now obscured somewhat from view due to the growth of trees (as is the
ridge in general) that were oncepkt at bay by naturand humascause fires.

Pipestone Creekwas historically used for ceremonial cleansing or submerSioa creelhas been
modified to such a degree by ditching and agricultural land uses that much of its upstream tributaries
and mainstenmo longer resembleaturalstreams
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Petroglyphsaccumulated over time in the vicinity
of the Three MaidendJost of the petroglyphs
were removed in 188&ane of the panels are on
display at theparkv i s i t o rTéesrockastn t
sites of the monument, both those that occur in
situ and that represented on the displaced slabs,
are contributing elements of a multiple property
National Register of Historic Plas district based
on the theme of American Indian rock art in the
state of Minnesota (Scott 2006).

The Sun Dance is a relatively recent cultural
practice dating to the seventeenth or eighteenth g5 pance area showing shade arbor

century when the Sioux began to move onto the surrounding the Mystery Circle at center and

plains, however it likely has antecedents going ~SWeat lodge at right (CSU photo).

back further in timg¢Mails 1999. Thefour day

event is considered by many Native Americans to be the single most important religious event of the
year and as Mails (1998) has put it A...the Sun
growth pr ayer dmthk late airetenthfcenturg thedfederal government attempted to

eliminate the Sun Dance in part out disregard of its importance and meaning and also out of fear that

it had the potential toausean Indian revolt. The dance effectively went underground for decades

until permission was granted for a public dance at the Rosebud reservation in 1928. Since then

annual Sun Dances have occurred at many locations across the northern plains. Pipestone National
Monument has hosted biannual Sun Dances for the past 24 yeaenaipermanent facilities have

been constructed to support these activities including a Mystery Circle, shade arbor and dedicated
guarries and sweat lodge locations. The earlier dané&ipestone attracted around 1,000 people, but

more recent dances have seeclining attendance with approximately 50 to 100 people in

attendance at the 2013 dan@esrs comm Mark CabmiaJuly 2013.

2.1.5. Park History

Pipestone National Monument and its environs represent a focal point of Native American social and
ceremonial etivity dating back generations and tied to the quarrying of the red pipestone known as
catlinite and more recenttp theSun DanceeremonyNatural and cultural resources are
inextricablylinked andmust be evaluated and managed in an integrated fagleo omm. Glen
Livermont, December 2012Prehistory and history of the park is described in a variety of

documents (Corbett 1976, NPS 19%6upal et al 2004NPS 2008a, NPS 20080Q)he

administrative history of the park is described by Rothman ardieH{1992).

European contact with Native American tribes brought cultural and natural changes to their
landscapeand cultural traditiondn the first half of the 19th century, significant changes were
occurring in the traditional cultural landscape. The traditions of the site were much the same but
guarrying had taken precedence over medicine plants anefipessage, and the landscéyael
become the domain of the Dakota Sioux to the exclusion of other traditionally associatethtribes.
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spite of the 1858 Treaty of Washington with the Yankton Sioux and 1860 survey to establish a
reservation of 640 acres around the quarries that the dfamkduld retain to ensure open and free
access to the site, traders, settlers and a railroad encroached on the quarries and surrounding area
throughout the 1860487G and 1880s (Toupal et al 200Qommercial quarrying and settlement

were a significanturning point forthe biophysical landscape and cultural use of the area, ard led

the suppression of fire, the displacement of wildhjdivestock, and the introduction of nevative

plant species. As more traders and settlers came to the areamh@argerpipestoneand building
stonequarries develope@ oupal et al 2004).

Degradation of the reservation continued it construction adn Indian schoah 1893 inthe

northeast corner of the reservatjdallowed byblasting, channelization andwering of Pipestone

Creek by approximately 9 feet to remove obstructions at the Falls and to improve drainage to enable
farming of the land north of the creek towards the schbkreas seasonal flooding of Pipestone

Creek historically spilled over thaugrtzite outcrop at multiple locations, after channelization

flooding from the main channel becataegelyconfined to Winnewisskalls The development of
agriculture furthechangedhe landscape and its hydrolodgading to degraded water quality and
reduced acreage of wetlands

Efforts to establistthe area as some form of protected park Bordinued throughout the early
1900s. In 1928, the U.S. Government paid the Yan&ionxfor the Reservatiodandand
guaranteedd he t r i be 6 s estongdndPipdstone latianal Mgnunpewsp established
on a portion of the original acreageli®37 (Toupal et al. 2004).

at the nmnument, with the edeption of occasional plant gathering for uses elsewks@oaciment
from the town of Pipestorigas forced the relocation of ceremonies and activities that once took
place in the vicinity of the Three Maiderad continues to impact the cultural experience related to
sights (views and night skies) and soundsceon quests, ritesf-passage, and curing ceremonies
arenow rare.While many of the significant historic cultural and naturairedats are stilpresent at

the nonument, its significance to Native Americans and cultural uses has greatly dinh{Tishpal

et al. 2004. Nonetheless, the omument has nurtured and promoted quarrying and pipesto
craftsmanship over the yeaessurge in quarrying and pipestone cvedis notedn the 1960s

(Corbett 1976). The park continuespimvide a critical link to the past for Native Americans and a
means to sustain cultural traditions related to both the place and quarrying activities.

2.1.6. Visitation Statistics

Park visitors are a mixture of recreation and-neereation travelers and loagalsidents. Annual park
recreation visitatiomasdecreasedteadilysince the mid 1970snd has stabilized over the past
decadgFigure2-2). Mean annual visitation for the fivgear period ending 2012 wa8,144

recreation visitorsAccording to 2012 dat approximately 60% of visitors visit the trails and quarry
sites and approximately 40% of visitoNasve vi si t
American use of the Ceremonial Arddonthly visitation is highest from May to Octobéfigure2-

3) (NPS 2013h)
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Figure 2-2. Annual PIPE recreation visitation for 1941-2012 (Data from NPS 2013b).
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Figure 2-3. Mean monthly recreation visitation for PIPE for 2008-2012 (Data from NPS 2013b). Error bars
represent 90% confidence intervals.

13



2.2. Natural Resources

2.2.1. Climate

The climate at PIPE is characterized by cool, moist summers and cold, dry wihtees.erage
annual temperature at PIPE is 6.3° Celsius (C) (43.4° FahrenhdiFidgtje 24). The coldest month
is typically January with an average tesmgture 0£10.8° C (12.5° F), a max 8.2° C (26.3° F),
and a min 0f17.3 C (0.9° F)The hottest month is typically July with an average temperature of
21.7° C (71.1° F),maverage high d&4.3° C (75.7° F), andhaaverage lowof 17.1° C (62.8° F)
(NCDC 2013).The median growing season length at PIPE is 134 days with a last spring frost
occurring around May 13 and a first fall frost around September 21 (MRCC ZiB3te is
examined in detail in Chapter 4.

60.0 120.0
50.0 100.0
40.0 80.0
30.0 60.0
20.0 e 40.0
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Temp | -10.8 | -8.0 -1.2 6.8 13.8 | 191 | 21.7 | 204 | 15.2 7.9 -0.8 -8.9
Precip| 16.8 | 149 | 412 | 752 | 88.6 | 108.1 | 87.6 | 76.7 | 821 | 57.1 | 356 | 15.2

Figure 2.4. Walter climate diagram of Pipestone National Monument 30-year temperature and
precipitation averages (198-2011) (data source: NCDC 2013).

2.2.2. Geology and Soils

Pipestone lies on an eastern edge of the Coteau des Prairies, or Highlands of the Grasslands. As a
geologdcal unit, the area is a conspicuous ksiraped landform running southeast to northwest for
approximately 200 miles (320 km) through lowa, Minnesatal, South Dakot@lroupal et al. 2004).

It is a low plateau of thick glacial deposits coverangmallridge of Cretaceous shale that forms a
significant drainage divide between the Big Sioux River to the southwest and the Des Moines and
Minnesota Rivers to the northeastSGS2003). Elevations range from 980 to 1640 feet (300 to 500
meters) across level tolliag topography that is interspersed with many depressions and poorly
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defined drainages. The soils are mostly deep, loamy, and silty with mixed miogyadad a frigid
temperature regime. Soils in the depressions are poorly drained. Substantial @mitcedgdpper
Precambrian quartzite layered with the softer red pipestone, or catlinite, occur in a few areas
including Pipestone County (Wright 1972).

2.2.3. Hydrology

The major physical hydrologic features of PIPE are Pipestone Creek and Winnewissa Falls.
Pipestone Creek enters the monument from the east and cascades in dramatic fashion over the
escarpment formed from the Sioux quartzite, known as Winnewissa Falls. Downstream, Pipestone
Creek drains into an impoundment in the middle of the monument, calledHiakatha. The creek
continues to flow to the northwest, exits the park, and ultimately drains into the Lower Big Sioux
River. Pipestone Creek, while small, drains approximately 30,000 acres of land in the outlying
agricultural region|PS 2008a). PipesterCreek has been designated critical habitat for the
federally endangeretiopeka shiner (Notropis topeka).

Pipestone Creek and its associated habitats, including the riparian corridor, ponds, intermittent
drainageways, and marsh, provide critical wetlam@s within the national monument (NPS 2008a),

and these areas are mapped@destribednthemo nument 6 s Pr airi e Managemen
all1986). Wetland areas comprise approxi mately 8
small wetland areas in the southeastern part of the monument still contain many native wetland plant
species (NPS 2008a).

Heavy rains or rapidly melting snow can idlp overwhelm the typical drainage of Pipestone Creek,
and floodwaters can overtop the creek bed and flood the adjacent landscape. The underlying bedrock
slows infiltration of rain or snomelt and can promote surface flow during heavy events.

2.2.4. Air Quality

Pipestone National Monument is designated as a Class Il airshed by the Clean Air Act of 1977, and
as such allows a certain amount of air quality degradation under thielgeneral, NPS (2008a)

reports that, other than odor and dust from nearby agniauHativities in this rural corner of

Minnesota, there have been few air quality issues at PIPE. The park does not contain any air quality
monitoring equipment, but regional networks for air quality monitoring may provide some indication
of the current cadition of air resource quality for PIPE. Specific resource issues addressed later in
the document include ozone concentrations, wet and dry pollution deposition, and particulate matter,
all of which have consequences for the health and condition of hedmmanunities and the quality

of the visitor experience.

2.2.5. Land Use

The lands adjacent to Pipestone National Monument range from the small town of Pipestone and its
4,700 residents to the south and east, to the cultivated farmlands to the west, to theel rwédkig

lands to the north. The monument protects remnant tallgrass prairie, restored prairie, and woodland
areas along the creek bottom and escanpiinethe face of a changing landscape.

The area around PIPE still maintains a rural chardatehemost part andalthough the park is
surrounded by agricultural land us#®e monument has not faced dramd&welopment pressures

15



that have affectedomeother parksConcerns about exotic invasive weeds have led to management
activities tostemthe movenent of invasive grasses into the park. Pipestone Creek, critical habitat for
the endangered Topeka shiner, drains 30,000 acres of nearby farmland. The creek reflects the
activities on and changes to the landscape and transports pollutants and contambinamds

through the monumen&ind energy development in the region and within view of the park exists
and is anticipated to increase.

2.2.6. Wildlife

The animal fauna in and around the national monument reflects both the unique resource values of
PIPE as welhs the historical changes in the fauna across the American landscape. Birds are

abundant within the national monument, with over 100 species documented Hy@aivgurvey that

occurred nearly 30 years ago. More recetdlyartlandnventory and Monitorig Network

inventories have documentedanky 70bird species at PIPRyith plots in the eastern part of the

monument near the creek and ponds showing higher than expected richness of breeding birds, while
areas on the western side of the monursbotinglower than expected richne$$sh communities

have been impacted by land us&sphibians and reptiles are common around the paitkjilsersity
isunexceptionaRe gi onal extirpations mean that todayos
portion of itshistoric mammal fauna. Gone from thegion are the bison, wolf, and €MPS

2008a); remaining in PIPE and its surrounding landscape are-taih@ deer, pocket gophers,

badgers, red foxes, and many small mammals. Whiled deer Qdocoileus virginiaug in

particular show strong adaptability to changing landscapearanabundant at theanument There

is a population of Richardsondés ground squirrel
(personal comment Seth Hendricks, August 2015

2.2.7. Vegetation

The presettlement vegetation of the region is characterized as true prairie dominated by more than
800 species of grasses and forbs with woody plants and trees occurring in larger valleys and along
perennial streams. The prairie character wastaaed through cycles of fires and drought (MDNR
2006). One of the earliest descriptions of the Pipestone landscape comes from the artist George
Catlin from a visit to the Pipestone quarries in the 1830s. His view from the quartzite ridge

e n ¢ o mp a shethodsarnt &deless, bushless, weedless hills of grass and vivid green which all
around me vanish intan infintyof bl ue and azureéo (Catlin 1844).
in the early account from the 1800s, is now largely hidden by oaks, &dims and other trees once
controlled by prairie fires.

The current landscape at themument is dominated by remnant and restored tallgrass prairie
vegetation, which exists on approximately 1 percent of its original range in Minnesota. Predominant
native grasses include big bluesteAm@ropogon gerard)i blue gramaBouteloua gracili},

buffalograss Buchloe dactyloidgsblue joint grassGalamagrostis canaden$jsCanada wild rye

(Elymus canadengisgreen needlegrasidssella viridula, syn. Stipandula), Indian grass
(Sorghastrum nutansJune grasKeleria macranthg little bluestem $chizachyrium scopariym
needleandthread Hesperostipa comajaporcupinegrass Hesperostipa spartgaprairie dropseed
(Sporobolus heterolepissideoats gima Bouteloua curtipendula sweetgrassHierochloe odorat,
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switchgrassRanicum virgaturjy and western wheatgragsgfopyron smithii with prairie cordgrass
(Spartina pectinatafound in the wet areaExamples of ativeforbsinclude dotted gayfeather
(Liatris punctatg, fringed sagebrusti(temisia frigidg, leadplant Amorpha canescejsMissouri
goldenrod Solidago missouriengisprairie smokeGeum triflorun), purple prairie clover
(Petalostemurpurpureum, western yarrowAchillea millefoliun), white sage Artemisia
ludoviciang and wild bergamot\onarda fistulosa

Other communities include oak and riparian woodlands, the rare Sioux quartzite prairie, and wetlands
associated with depressions and Pipestone Creek:liStateplants are all assiated with the Sioux
guartzite prairie and ephemeral pools that occur on outcrops and shallow soils associated with
guartzite outcropsA combination & prescribed fire, mechanical control and herbicides azd tes

promote native vegetation and hef@anae nonnativevegetation at thpark

2.3. Resource Stewardship

2.3.1. Management Directives and Planning Guidance
Each unit in the National Park System is required by the National Park Service Organic Act of 1916

to Aconserve the scenery and natwural and histor
the enjoyment of the same in such a manner and bymseahs as will leave them unimpaired for the
enjoyment of future generations. o The General A

provisions of the Organic Act and emphasized th
united throughheir interrelated purposes and resources into one national park system as cumulative
expressions of a singémpmasi oadlt heri magrt andd¢
resources for future generations. The enabling legislation estabtiaie purposes and legislatively

authorized uses within a context of cultural and natural resourcedldfiomal Park Service

Management Policie@NPS 2006) provides Serviseide guidance for Park System planning, land

protection, natural and culturals@irces management, wilderness preservation and management,
interpretation and education, use of the parks, park facilities and commercial visitor services. All
management and planning documents developed for the park must adhere to these overarching
docunent s and other | aws, Executive Orders and Dil

In addition to these NRBvel documents, a number of important documents guide the mansgeme
of natural resources in theamument. Th&eneral Management Plan and Environmental Impact
Statemen(GMP) (NPS 2008a) identifies specific management issues, sets forth management
objectives and provides alternatives for addressing iségesrding to theGMP, the current
implemented management alternatieeemphasizes the interdependency of naturdlcuttural

resources anfibcuses on reducing development in the heart ofrtleument. Emphasis is placed on
preserving the setting, the site history, and the spiritual significance of the national monument as the
source of pipestone. Implementation ofthlternative involves continuation of most management
activities and practices, modest land acquisition, partnership with other agencies and restoration of
additional lands to tallgrass prairie. The existing visitor center and parking may be removeel and t
entry road shortened to end in a small parking area at the south quarry entrance. This, along with
ongoing prairie restoratiomjould enable visitors to see the site much as it appeared prehistorically
and to sense the significance of the site to Araariadians. A new entrance may be created on the
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east side of the national monument just north of Pipestone Creek, and the maintenance opayati
be moved out of currentanument boundary. A visitor center for the national monument may be
created outsiel the boundaries, and new visitor trails will be developed to reach the existing trail
system (NPS 2008).

Other important resource management guidance at PIPE includesdberce Management Plan
(NPS 1996)Fire Management PlafDeCoster et al. 2004prairie Management PlafBecker et al.
1986),Long-Range Interpretive Pla(NPS 2008b)andthe Integrated Pest Management PIgPS
2009).

Management Zones

Management zones were developed to facilitate planning and management of different areas and
resoures within the Historic Siteand aralescribed in th€ipestone National Monument General
Management PlafNPS 2008).

Administrative Zone

This zone includes administrative, residentimfintenancestorageand parking facilitiemecessary
to the operatin of themonumentout not generally used by visitorEhis zone ontairs previously
disturbedanddeveloped areaand is typically landscapeudth native plants to be as unobtrusive as
possible. Maintaining the scenic quality of the surrounding igri@aportant. Noise levelsanbe
higher than elsewheduringmaintenance activitie3.he administrative and visitor services zones
currently are partly céocated at the Visitor Center.

Visitor Services Zone

This zone includes the Visitor Center, restrooms, picnic facilities, parking areas and trails/walkways.
The monument is currently evaluating sites for the location of a new Visitor Center. Under the

current plan, the existing Visitor Center would be mooedemolishedThis zone israrmonized

with the natural environment, natural processes, and scenic quality of the adjacent denasce

for any resource degradation is higher than in most other zones. Visitor services are highly accessible
and converant. Visitors are heavily concentrated in this area; the presence of vehicles and high

levels of visitor use somewhat compromise the natural sounds in this zone.

Prairie Preservation Zone

The majority of the monument falls within this zone. The emphagisei prairie preservation zorse
on restoring and perpetuating natural systems and procedsastdhsively managed for the
restoration of nativeegetation, notably tallgrass prairiehe integrity of the prairie in this zone is
paramount. The pra@ preservation zons a low density visitation area, with use restricted to
existing trails. Natural quiet and scenic qualities are important in this kdaetnative prairie
creats a sense of the historic environment in which quarrying took @etéacilitatesimmersion in
the natural landscape. The probability of encountering other visitors and NRS Istaffo
moderate
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Quarry Zone

The focus of the quarry zone is the quarries and associated activities. The tolerance for the disruption
of naural processes associated with quarrygigigh. Parts of the quarry zone associated with
developed trails are a higisitor-use area that focuses on NPS interpretation. The other quarries
(mostly the northern quarries) are closed to visitor accessicSpality and natural sounds can be
somewhat compromised because of the visitor use and quarry drainage pumps. At times associated
ceremonial activities are carried out in this zone.

Ceremonial Use Zone

This zone is located north of the Visitor Cenfemerican Indians occasionally use the zone for
ceremonies such as the Sun Dance and sweat lodges. When used only for sweat lodges, American
Indians can experience solitude and natural sounds in a prairie environment. When not being used for
American Indiarceremonies, the ceremonial use zone is managed in a way similar to the prairie
preservation zone; native vegetation is encouraged and nonnative species are cdtartbed. of

the zone are highly maintained, mostly through mow8winds associated Wwiteremonial

activities such as a Sun Dance are moderate.-Sermanent or temporary facilities include sweat

lodges and facilities associated with the Sun Dances, such as the arbor and kitchen facilities. Access
trails and roads are unpaved.

Three Maides Zone

The emphasis in this zone is on maintaining and enhancing the natural and spiritual qualities of the
immediate area around the Three Maidens rock formalio& surrounding area is in the process of
being restored to prairie vegetatidrhe tolerane for resource degradatilow. Visitation is

moderate to high.

These broad and padpecific documents and management directives provide important information
for identifying and characterizing focal resources and articulating resource referenitiesi
this natural resource condition assessment.

2.3.2. Overview of Resource Management Concerns

Regional Great Plains ecosystem stressors that can impact park resources and their management
include altered disturbance regimes such as fire and floathingersion and fragmentation of

natural habitats, spread of invasive exotic plants and animal species that threaten regional biological
diversity, loss of native pollinators, excess deer browsing, altered hydrology and channel degradation
of streams, sedientation and pollution of streams, and posilgd utility-scale wind eirbines

(Schneider et al. 2011).

Park management concelmghlighted in theGeneral Management PIgiNPS 2008a) and by Park
staffduring the scoping procesensistof oftenintegrated natural and cultural resource issues as
well as stressors from outside therk The importance of interrelationships between ethnographic
resources, the cultural context, pipestone quarries and craftsmanship and the prairie setting was
repeately emphasized by the superintendent and the cultural resource manager. Rrsoarge
management concermsthin the park and beyond papkundaries arbriefly described below.
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Invasive Nonnative Plants

Nonnative invasive plants have been introducedreave spread throughout the region via
agricultureandother human disturbances and practitegasive exotic plants are of concern at PIPE
because of their potentially detrimental effects on the native and restored tallgrass prairie and the rare
Sioux quartzite prairie plant communitie number of highly invasive exotic plants have become
established on PIPE, including common buckth&hamnus catharticagrownvetch $ecurigera

varia), leafy spurgeEuphorbia esulg reed canarygrasPlialaris arundimceg, smooth brome

(Bromus inermiy sweetcloverNlelilotus officinalig, Canada thistleGirsiumarvensg, andTatarian
honeysucklel{onicera tataricd. Wetlands in the core of the park are particularly affected by reed
canary grassAn aggressiv@rogram to control invasive exotic plants is in place at PIPE. Fire is used
as a management tool to control some invasives and promote healthy and diverse prairie.

Threatened and Endangered Species

The federallyendangered@opeka shinerNotropis Topekjpand the threatened western prairie

fringed orchid Platanthera praeclarpare found within the mnument. Topeka shiner conservation

is problematic due to the notable alterations within Pipestone Creek watershed and the relatively
short section of stream wiih the park. Orchid populations appear to be favored by conservation
measures that promote healthy tallgrass prairie communities, but the response of théospecies
various stressors and management strategies is poorly understood. Both species hdienpdpata
oscillate considerably over time and are somewhat difficult to monitor. In addition, a number of rare
plants are found within the rare Sioux quartzite prairie.

Prairie Quality and Natural Processes

The monument has a wide variety of prairiegtypincluding native (i.e., unplowed) tallgrass prairie,
disturbed/restored tallgrass prairie, Sioux quartzite prairie, areas dominatedanicated by
invasive plants, and prairie degraded by woody plant invagimody plant encroachment along the
Sioux quartzite outcrops competes with native prairie vegetation and has altered the visibility of
geological features and the character of the cultural landstapee are many plants found in the
prairie that have important cultural uses to Native Ameschine primarytools used to manage the
prairie are active restoration, weed management and prescribed fire. Prairie conservation is
challenging and in recent years some gaiay be partiallyoffset by reduced frequency of
prescribed burning.

ScenicResources

Views from the park have changed significantly since thedpameatiorin 1937.The views are

variable, consisting of urban and industrial elements, energy and power structures, communication
lines and structures, exurban and urban developmentulture, and natural settings such as the

U.S. Fish and Wildlife parcel to the north managed by Minnesota Department of Natural Resources.
The view of the prairie landscape is interrupted on the southwestern vista by large powerline towers
and a 20&oot wind turbineas well as a number of large wind turbines to the Wéken Pipestone
National Monument was created, the surrounding lands were agricultural, and there were few
obstructions to views from the national monument all the way to the hoNmow. as the city of
Pipestone has grown closer to the national monument, and as developments have appeared within
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view, the sense of open, endless prairie that was the setting for the quarries is being compromised.
Some agricultural elements and most ott®relopment argconsistent with the scenic values of
theseculturallandscapesThe cultural and ethnographic landscape of the national monument and the
aesthetic values of the prairie are becoming more difficult for visitors to picture and for irgepre

to explain(NPS 2008a)

Other Impacts of Land Uses Visitor/Cultural Experience

The sights, sounds and landscape associated with the park efmavenshanged over time as

human population has increased and uses of the area have become move iote@msinged_and

use changes and development outsidertbleumentimpactthe experiencef visitors and Native
Americars with regard to altered scenery, excessive and unnatural noise, light pollution and solitude.
Moreover, important elements of tlEdscape including much native fauna such as bison are
missing.The juxtaposition of development inside and outside the park with cultural features and
landscapes diminishes the value of the resources.

Water Quality andhlteredHydrologicRegime

Pipestme Creek water quality and its watershed are highly degraded due to overwhelming upstream
alterations including urbanization, little buffering of riparian corridors, farming, drain tiling and
ditching, channelization of stream courses, and pollution frgmewtural pesticides, fertilizers and
application of dairy manure slurry to agricultural fields. Due to drainage within the watershed, the
stream has a more perennial character than undgrapkeconditions. Historic blasting and lowering

of the streanthannel above Wimewissa Falls has altered seasonal flooding patterns within the park.
Pipestone Creek is currently listed as an impaired water body due to high concentrations of fecal
coliforms.

Cultural Landscapénteqrity

Conservation and protectior ethnographic and traditional cultural elements and settings is one of
the primary purposes of the pailkhe park is renowned as the location of catlinite quarries, but also
contains other resources of cultural and ethnographic significance that aaéyspad/or

functionally associated with thBipestone National Bhument houses a number of such resources
that include quarries, the Three Maidens, Winnewissa Falls, Leaping Rock, Pipestonéh@reek,
Oracle and petroglyph&ollectively,these resources form a cultural landscape originally focused on
guarrying of the sacred pipestoiéhile many of the significant historic cultural and natural
elements are still present at th@nument, its significance to Native Americans and culturas bss
greatly diminishd over time by damage or alterationyeruse and encroachment by incompatible
usesas well as poorhplanned park facilities

2.3.3. Status of Supporting Science

Available data and reports varied significantly depending upon the resopiceMuch of the
supporting baseline survey and monitoring data was collected through the Heas&mdry and
Monitoring (1&M) Networkinitiated in the early 20003 he Heartland Networlalso supported
requests for geospatial datandscape contextformation and aspects of human dimensions were
greatly supportely program staff such as the Natural Sounds and Night Skies Division (NSNSD),
the national NPS AiResources Divisiorand the NPScape Project within 188 Program.
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Additional informationand data were provided by the park, published and unpublished reports and
articles, and other outside expertged in the individual resource sections

2.4. Literature Cited
Becker, D.A., T. Bragg and D. Sutherland. 1986. Pipestone National Monpragi@ management
plan. USDI National Park Service.

Catlin, George. 1844. Letters anotes on thenannerscustoms, and@ondition of the North
American Indians (1832839).Letter No. 54redpipestoneguarry, Coteau Des Prairies.
Available at the.ibrary of Western Fur Trade Historical Source Documaveb site,
http://user.xmission.com/~drudy/mtman/html/cat(iAtcessed 11 December 2013)

Corbett, William P. 1976A history of the Red Pipeste Quarry and Pipestone National Monument.
M.A. Thesis, partment of History, University of South Dakota, Vermillion.

Davis, John Wayne. 193A. History of the Pipestone Reservation auerry in MinnesotaM.A.
thesis, Departmerof History, University d Colorado, Boulder.

DeCosterJ, K. Legg R.O6 Su | D.iSeiemand G. Wagner. Pipestone National Monurfient
managemenplan. 2004. USDI National Park Service.

Hughes, D.T. and A.J. Stewat©97. Traditional use of the Pipestone National Monument:
ethnographic resources of Pipestone National Monument. 79 pp. Wichita, Kansas: National Park
Service.

Mails, Thomas E. 1998. Sundancing: the great Sioux piercing ritual. Tulsa, OK: Council Oak Book

Midwest Regional Climate Center (MRCC). 2013. Historical climate idgtawing season
summary.
(http://mrcc.isws.illinois.edu/climate_midwest/historical/grow/mn/216565_gsum.html).
(Accessed 29 October 201g)jnnesota Department of Natural Resour@ 3. Prairie Parkland
Province: Coteau Moraines and Inner Coteau, Vol. 2003: MDNR Ecological Services.

Minnesota Department of Natural Resour@d®NR).2 0 0 6 . T o halutat forathedld and
rare:an action plan for Minnesotawildlife, comprehensiveavildlife conservatiorstrategy.
Division of Ecological Services, Minnesota Department of Natural Resources.

Murray, Robert A. 1965. Alistory of Pipestone National Monument, Minnesota. Pipestone Indian
Shrine Association.

National Climatic Data Center (NCDC2013. Climate data onlinkttp://www.ncdc.noaa.gov/cgo
web/(Accessed 5 November 2013).

National Park Service (NPS). 1996. Pipestone National Monuresotirce management plan. USDI
National Park Serve.

22


http://user.xmission.com/~drudy/mtman/html/catlin/
http://www.ncdc.noaa.gov/cdo-web/
http://www.ncdc.noaa.gov/cdo-web/

National Park ServicBNPS) 2006. National Park Serviceanagemenpolicies. USDI National Park
Service.

National Park Service (NPS). 2008a. Final general management plan and environmental impact
statement, Pipestone National Monument. USDI Nationi Barvice.

National Park Service (NPS). 2008b. Pipestone National Monumegtdngeinterpretiveplan.
Prepared byational Park Servicklarpers Ferry Center Interpretive Plann@ffice andthe
staff of Pipestone National MonumektSDI National Park &vice.

National Park Service (NPS). 2009. Pipestone National Monumiegtrated pest management plan.
USDI National Park Service.

National Park Service. 2013a. U.S. Department of the Interior.éftargraphyprogram.
http://www.nps.gov/ethnography/parks/resour¢ascessed November 2013).

National Park Service (NPS). 2dd3National Park Serviceisitor usestatistics Web Page.
https://irma.nps.gov/StatéAccessed 16 April 2013).

Rothman, H.K. and D.K. Holdet992.Managing the sacred and the secular: an administrative
history of Pipeston&lationalMonument Report prepared for the National Park Service Midwest
Region Office.

SchneideR., K. Stoner, G. Steinauer, M. Pdaeand M. Humpert (Eds.). 201NebraskaNatural
Legacy Project, state wildlife action plamdedition. The Nebraska Game and Parks
Commission Lincoln Nebraska.

Scott, D.D.2006. Anarcheologi@l inventory andverview of Pipestone National Monument,
Minnesota. United States Department of the Interior, National Park Service, Midwest
Archeological Center.

Toupal, R.S., R.W. Stoff]| e Takuskapskap Capnomoke: gha d J .
everchanging pipestoneigrriesi Sioux cultural landscapes and ethnobotany of Pipestone
National Monument, Minnesota. Prepared for the NPS Midwest Region Office by the Bureau of
Applied Research in Anthropology, University of Arizona, Tucson, AZ.

U.S. Geological Survey (USGS)0@3. A tapestry of time and terrain: the union of two maps
geology and topography. The Coteau des Prairies, Vol. 2003: DOI USGS.

Wright, H.E., Jr. 1972. Physiography of MinnesateSims, P.K. and G.BViorey (eds.). 1972.
Geology of Minnesota. St. PabiN: Minnesota Geological Survey: 5B&0.

Zedeno M.N. andR.CBasaldu 2004 Native American cultural affiliation and traditional
association study Pipestone National Monument, Minnesota. Prepared for the NPS Midwest
Region Office by the Bureau of Apptl Research in Anthropology, University of Arizona.

23


http://www.nps.gov/ethnography/parks/resources
https://irma.nps.gov/Stats/




3. Study Scoping and Design

3.1. Preliminary Scoping

The initial phase of the study consisted of a series of meetings, conversations and collaborations
between Colorado State University and NPS staff, including the Midwest Regional NPS Office, the
Heartland 1&M Network, park staff, Water Resources Division (NRCA proponent), and National
I&M programs. Initial scoping consisted of reviewing the Heartlamémitory and Monitoring

Network and Prairie Cluster Prototype Monitoring Program Vital Signs Monitoring Plan (DeBacker
et al. 2005) in order to begin to understand the management and resource context for the park. Vital
signs previous identified and prioed for the park were the basis for a preliminary list of focal
resources to support initial NRCA discussions with park and other NP SAssiti. visit and initial
meetings took placBecember &, 2012 aPIPEHeadquarters. The purpose of the prelimyna

scoping meetings was to:

1 establish contact and begin dialogue with key staff members;

1 identify points of contact;

1 provide an overview of NRCA purpose and process (for park staff);
1

provide an overview of park context, administrative history and manageorcerns (for
cooperators);

discuss analysis framework, reporting scales/units, and rating system;

identify and discuss priority/focal resources in support of framework develofiment

o traditional natural resources (e.g., bison, water quality, rare plant)

0 ecological processes or patterns (e.g., fire regime),

o specific natural or cultural/ethnographic features inextricably linked to natural resources, or
o]

values linked to biophysical resources and landscape context (e.g., dark night skies,
soundscape, viewape);

9 discuss key NRCA concepts including indicators and measures, threats and stressors, and
reference conditions;

identify and gather available data and information;
identify sources of expertise inside and outside the NPS;

define project expectationspnstraintsand the need to balance depth vs. breadth; and

= =4 =4 =4

review the assessment timeline.

Key constraints placed on the scope of NRCA development included the following:

1 the assessment will provide a snapshot of a subset of park resoudssyiasned through the
scoping process;

1 some lower priority resources or those having little supporting data may not be fully examined to
allow a more comprehensive anasysf higherpriority resources;
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1 the assessment will use existing information/dathrzot modeled or projected data, although
limited analysis and data development may be undertaken where feasible (e.g., data to support
views/scenery analysisfuture modelediata areonly used in the climate change section; and

1 assignment of conditioratings may be constrained imgufficient information omadequately
defined reference conditions.

3.2. Study Design

3.2.1. Indicator Framework, Focal Resources and Indicators

The NRCA uses a framework adapted from The Heinz Center (2008) to examine condition and
trends in key natural resources at the padb(e 31). The Heinz structure was identified in the

NRCA guidance documents as a relevant framework that organizes indicators under each focal
resource within broad groupings of ecosystem attributes relatihttscapeontextincluding

system anchumandimensions chemical and physical componerdasgbiological components.

Although threats and stressors are described for each focal resoutamdh@over and Land Use

Fire RegimeandClimate Changeections weradded to address broad ecosystevel processes

and stressoraffecting multiple resources. A small subset of the resources identified as important to
the park and desirable to include in the NRCA duringstioping phase were either notinded as

focal resources or were addressed in a brief fashion due to lack of information or data, poor
understanding of their ecological role and significance in the landscape, their absence at the park, or
lack of justification to include them as a focasource. The latter case for eliminating resources
considered to have a lower priority for inclusion also reflected realities relatedbiacing

cooperator budget, breadth of the assessment across many resources and depth of analysis. A total of
18 reurces were examined and included hebeaddressingandscape contextsystem and human
dimensons, three addressing chemical and physical attributes, eight addressing biological attributes,
and one addressiranintegraed naturakultural topic

3.2.2. Reporting Areas

The reporting area for all resources is generally the entire area within the park boundary. In some
cases indicators were analyzed using subsets based on geographic or ecological strata within the
park, e.g., grassland birds and woodland biftie results for those subsets were then combined into
single parkwide condition and trend ratings for the resouFe®. ®veral resources such as those
capturing landscape context (e.g., land cover and land use, dark night skies, soundscape and
viewscapg, the extent of the analysis varies by resouofienextend outside park boundaries in a
fixed or variable way and is in some cases influenced by the locations selected for analysis (e.qg.,
location of key view points for scenery analysis). Becauskeofdlatively small size of the park,
somelandscape context resources are affected largely by elements outside park boundaries.
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Table 3-1. Pipestone National Monument natural resource condition assessment framework.

Ecosystem Attributes

Focal resources

Indicators and Measures of Condition

Landscape Context -
System and Human
Dimensions

Chemical and Physical

Biological - Plants

Land Cover and Land
Use

Night Sky

Soundscape

Views and Scenery

Climate Change

Fire Disturbance Regime

Air Quality

Stream Hydrology and
Geomorphology

Water Quality

Prairie Vegetation

Land cover/land use
Population and housing
Conservation/protection status

Artificial night sky brightness

Ambient noise levels

Anthropogenic sources of noise

Traffic volumes on nearby and park roads

Scenic quality from key view points

Housing densities surrounding the park

Potential visibility of new wind energy structures

Air quality - visibility

Modeled temperature and precipitation vs. historical baseline

Aridity - Palmer index (historical) and moisture deficit
(modeled)

Plant phenology

Fire frequency (return interval)
Seasonality

Severity

Level of ozone

Atmospheric wet deposition of total N and total S
Visibility haze index

Proper functioning condition (PFC) rating
Channel evolution model (CEM) stage
Total dissolved solids

Chloride

Sulfate

Dissolved oxygen

Coliform bacteria

Temperature

Extent of vegetation community types

Plant richness and diversity
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Western Prairie Fringed
Orchid

Sioux Quartzite Prairie

Vegetation structure and woody encroachment

Invasive plant abundance/index

Population size

Plant vigor (mean height and number of flowers per plant)
Fire regime considerations

Vulnerability to climate change

Index of floristic quality (Mean C)
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Table 3-1 (continued) . Pipestone National Monument natural resource condition assessment framework.

Ecosystem Attributes Focal resources Indicators and Measures of Condition
Biological i Plants Prairie Vegetation Vegetation structure and woody encroachment
(continued) (continued)

Invasive plant abundance/index
Western Prairie Fringed  Population size
Orchid
Plant vigor (mean height and number of flowers per plant)
Fire regime considerations
Vulnerability to climate change
Sioux Quartzite Prairie Index of floristic quality (Mean C)
Relative cover of native plant species
Structure and composition
Status of state plants of concern
Vulnerability to climate change
Invasive Exotic Plants Frequency
Abundance and distribution
Presence and abundance of state noxious plants
Biological - Animals Aquatic Richness and diversity metrics
Macroinvertebrates
Hilsenhoff Biotic Index
Bird Community Native species richness (S)
Bird index of biotic integrity (IBI)
Status of bird species of conservation concern
Fish Community Native species richness

Fish index of biotic integrity (IBI)

Topeka Shiner - at-risk Topeka shiner abundance

biota
Relative abundance of predators
Vulnerability to climate change
Integrated Pipestone Quarries Quarriable catlinite resource

Natural/Cultural
Quarrier health and safety

3.2.3. General Approach and Methods

General Approach
This study employed a scoping process involving Colorado State University, Park and NPS staff to
discuss the NRCA framework, identify important Park resources, and gather existing literature and
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data for each of the focal resourckglicators and measurtsbe used for each resousgere then
identified and evaluated\l available data and information wasalyzed and synthesized to provide
summaries and address condition, trend and confidence. Condition ratings compared the current
condition(s) at the grk to the reference condition(s) when possible. In some cases, due to
interrelationships, a focal resource was used to help determine condition and/or trend for another
focal resource. For example, changes and landcover/landuse and impervious sutf@Tésewit
watershed are used to support trend determination for stream hydrology.

Sources of Information and Data

Non-spatial data, published literature, unpublished reports and other grey literature related to
conditions both inside and outside the pagkevobtained from myriad sources. The primary sources

for parkspecific resource data were park staff, Heartland 1&M Network staff, and the public access
side of the IRMA (Integrated Resource Management Applications) web,fat&l and HTLN stasf

werean invaluable source of knowledge regarding resources, stressors and management history and
activities.State and federal agency reports and data were downloaded using the web or obtained from
the parkor other agency stafSpatial data were provided byetpark, the Heartland Network, the

NPS Midwest Region Office and other sources. The MR&ntory and Monitoringl&M ) program

and Night Skies and Natural Sounds Divis(Bf8NSD)provided valuable data to support the
assessment. Primary data sources aseriteed in each focal resource sectionsome cases existing

data were reworked in order to make them more useful for analysis. In the case of stream
geomorphology and views/scenery, we collected data in the field to support those resources due to a
lack of existing information and data.

Subject Matter Experts

A number of subject matter experts were consulted while developing this assessment. Expert
involvement included #person and telephone meetings, correspondence, and reviews of preliminary
resoure drafts. The experts consulted for each focal resource are listed in the resctiores in

Chapter 4

Data Analyses and NRCA Development

Data analysis and development of technical sections followed NRCA guidance and recommendations
provided by the NB. Data analyses were tailored to individual resources, and methods for individual
analyses are described within each section of chapter four. As one of the tenets of the NRCA
framework, geospatial analysis and presentation of results is used wheresgbssiljhout the
assessment. Periodic contact between the authors, park and other NPS staff and subject matter
experts took place as needed to obtain additional data and information or collaborate on an analysis
framework or approach or on the interpretatof results.

Final Assessments

Final drafts followed a process of preliminary draft review and comment by subject matter experts,
reviewers, and park staff. Reviewer comments were incorporate and addressed to improve the
analysis within the limits athe NRCA scope, schedule and budget. The final assessments attempt to
provide the most upo-date representation of existing data and information.
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Rating Condition, Trend and Confidence

For each focal resource, a reference condition for each indicasiaigished and a condition rating
framework presentedorming e basis for assigning a current condition to each indicator. In some
cases current condition and trend may be based on data or information that is several or more years
old. Condition may béased on qualitative, semuantitative or quantitative data. Trend is assigned
where data exists for at least two time periods separated by an ecologically significant span or may
be based on qualitative assessments using historical information, phbggragecdotal evidence or
professional opinion. It is not uncommon for there to be some correlation among indicators for a
particular focal resource. In a few cases, the trend assigned to an indicator may be influenced by the
data for a correlated indicatd-or example, traffic trend data may influence the trend rating for
anthropogenic noise leveds projected housing densities from the Land Cover and Land Use section
may be used to infer trend for Scenery

The level of confidence assigned to each iatticassessed integrates the comfort level associated

with the condition and/or trend rating assigned. A lower confidence (i.e., higher uncerteaytipe
assigned where modeled data has considerable uncertainty or numerous assumptions, where changes
maybe small and no quantitatieiata areavailable, where statistical inference is poor (e.g., as is

often the case where sample sizes are inadequate), where interannual or seasonal variability is very
high or unknown, where detectability is difficult whenmitoring (e.g., some plants and birds),

where only several closely spaced data points are available for trend determination (e.g., invasive
exotic plant sampling only several years apart and only 2 periods available), or where a very small
proportion of tke reference frame or population of interest is sampled (in time or space), which
influences influencing the representativeness of the sample (e.qg., the timing and length of attended
listening data for natural sounds analysigck of information/datanayresult in an unknown

condition rating, which is often associated wittkkmown trend and low confidence

Where vulnerability to climate was examined for the western prairie fringed orchid, Topeka shiner,
and Sioux quartzite prairie community, the climatarge condition was not factored into the
condition rating. The climate change indicators were assignatsafficient datastatus and low

level of confidence. However, the estimated vulnerakftitya particular resourosas used as a

trend indicator aing with other indicatorsWe included climate change vulnerability only as an
indicator of trend for focal species and communities of interest. Climate change exposure
information is crucial contextual information, but is not included in the conditiargrédr each
resource. Including climate change vulnerability in the trend rating raises a flag where vulnerability
may be high and leading to deteriorating conditions for the resource.

Symbology and Scorif§
This NRCA uses a standardized set of symbmlepresent condition status, trend and confidence in
the status and trend assessn{@able 32, Table 33). This standardized symbology prove&some

10 Adapted from NPSNRCA Guidance Update dated January 14, 2014.
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consistency with other NPS initiatives such as State of the Parks and Resource Stewardship
Strategies.

The overall assessment of the condition ftwaal resourcenay be based on a combination of the
status and trend of multiple indicators and specific measures of condition. A set gfasles

developed fosummarizing the overa#tatusand trencbf a paticular resourcevhen ratings are

assigned fotwo or moreindicators omeasures of conditiofo determine the combined condition,

each red symbol is assigned zero points, each yellow symbol is assigned 50 points, and each green
symbolis assigned 00 points.Open (uncolored) circles are omitted from the calculathaerage

scores of 0 to 33 warrant significant concern, average scores of 34 to 66 warrant moderate concern
and average scores of 67 to 100 indicate the resource is in good cohdlitiome cases certain

indicators may be assigned larger weights than others when combining multiple metrics into a
condition score. In those cases the autpoosideanexplanatiorfor the weights applied.

Table 3-2. Standardized condition status, trend and confidence symbology used in this NRCA.

Confidence in

Condition Status Trend in Condition Assessment
Resource is in Good e . .
Condition ﬁ Condition is Improving High
Warrants <:> o . .
Moderate Concern Condition is Unchanging Medium

’ \
. .\-Narrants Condition is Deteriorating [ i Low
Significant Concern

-
’ ~
’ Ay
1 \
I
\
AY ‘7
~ ’
S~

Table 3-3. Examples of how condition symbols should be interpreted.

Symbol Description

Resource is in good condition, its condition is improving, high confidence in the assessment.

@ Condition of resource warrants moderate concern; condition is unchanging; medium

confidence in the assessment.

Condition of resource warrants significant concern; trend in condition is unknown or not
applicable; low confidence in the assessment.

RIGEREN Current condition is unknown or indeterminate due to inadequate data, lack of reference

(’ ‘) value(s) for comparative purposes, and/or insufficient expert knowledge to reach a more

\ J specific condition determination; trend in condition is unknown or not applicable; low
S~ confidence in the assessment.
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To determine the overall trend, the total number of down ari®agbtractedrom the total number
of up arrows. If the result is 3 or greater, the overall tremdpsoving If the result is3 or lower,
the overall trend igleteriorating If the result is between 2 ar@, the overall trend is unchanged.
Sideways trend arrows agdsesvhere trend is unknown eomitted from this calculation.

Organization of Focal Resouréssessments

Background and Importance

This section provides information regarding the relevance of the resource to the park and the broader
ecological or geographic context. This section explains the characteristics of the resource to help the
reader undestand subsequent sections of the document. Relevant stressors of the resource and the
indicators/measures selected are listed or discussed.

Data and Methods

This section describes the source and type of data used for evaluating the indicators/messures, d
management and analysis (including qualitative) methods used for processing or evaluating the data,
and outputs supporting the assessment

Reference Conditions

This section describes the reference conditions applied to each indicator and how ¢heaefer

conditions are cross walked to a condition status rating for each indicator. NRCAs must use logical

and clearly documented forms of reference conditions and v&aégence condition concepts and
guidancearebriefly described in ChapterA r ef er ence condition i s fAa @
objective value or range of values for an indicator or specific measure of condition that is intended to
provide context for comparison with the current condition values. The reference conditiondedhte

to represent an acceptable resource condition, with appropriate information and scientific or scholarly
consensuso (NPS 2014). An i mportantmagbear acteri s
revisited and refined over tim&he natue of the rderence condition prescribed for a particular

resource can vary with the status of the resource relativsttwricalconditions and anticipated

future conditions (Figur8-1).
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Past, present, and future Management
ecological conditions Relevent

philesophy Feasibility Costiisk

Substantial averlap

<

Fiesiore Moderate Moderae
. resilience

HAY High Low

Moderate overlap

DFC Ly High

Mo overlap

Figure 3-1. lllustration of three possible cases of the extent to which current ecosystem conditions in a
place differ from historical conditions and from projected future conditions. Circles denote the range of
variability for each time period. Also shown are the expected management criteria for each case.
Abbreviations are HRV (historical range of variability) and DFC (desired future conditions) (Hansen et al.
2014).

For example, substantial overlap may exist for prairie vegetation, moderate overlap may exist for
birds and little or no overlap may exist for nonnative invaplaats. Reference conditions can be
particularly difficult to define where presettlement conditions or range of variability are unknown,
and/or where little inventory and monitoring data exist.

Condition and Trend

This section provides a summary of gandition for each indicator/measure based on available
literature, data, and expert opinions. A condition status, trend and confidence designation for each
indicator/measure is assigned and accompanying rationale is provided. Where multiple indicators or
metrics are used, a single rating is consolidated for each resource using the condition rating scoring
framework described earlier in this chapter.

Uncertainty and Data Gaps

This section briefly highlights information and data gaps and uncertaintiestr&daassessment of

the resource. Low confidence can be associated with a combination of data that is not current,
insufficient data, unrepresentative data, poorly documented data, or data having poor precision and/or
accuracy.

Sources of Expertise
Individuals who were consulted or provided preliminary reviews for the focal resource are listed in
this section.
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4.2. Land Cover and Land Use

4.2.1. Background and Importance

This section places park resources and management concerns within a local and regionalf context
land cover and land use, as weliragplications related to population and resource conservation.

Using several metrics, it characterizes conditions and dynamics of the surrounding areas, highlights
the potential effects of related landscagale stresors on park resources, and underscores the
conservation value of the park to the surrounding region. The synthesis of national data uses a series
of straightforward spatial analyses for areas within and surrounding the park. Condition and trend
ratings @ not assigned to these landscape context metrics. In some casesrtodgta are not

available and for the most part the park has little influence over activities occurring outside park
boundaries. Longetermdata arevailable for some population ahdusing metrics. A summary of

the landscape metrics is provided to highlight conditions potentially influencing park natural
resources.

Indicators of landscape context applied here include a variety of metrics for land cover and land use,
population andhousing, and land conservation status. Due to the relatively small size of the park, the
overwhelmingly nomatural status of surrounding lands, and the lack of significant regional

migration by fauna of concern, road densities and habitat fragmentatic@oanectivity both within

the park and outside the park are not examined here.

Threats and Stressors

Land use is intensifying around many protected areas including parks and monuments (Wittemyer et
al. 2008, Wade and Theobald 2010, Davis and Hansen B@hsen et al. 2014). Many parks in the
Heartland region are concerned with go®logical consequences of habitat loss associated with
urbanizatioroutside park boundarigsonversion of surrounding areas to fratural usesas well as

the effects of ruoff from impermeable surfaces on hydrologic flows through the gatkssen and
Gryskiewicz2003) The growth of housing adjacent to protected aceasreate a patchwork of land

use thatlegrades the conservation impact of hgliue protectedreason aljacent parcels and

within the region(Radeloff et al. 2010Protected areas are most effective when they conserve

habitat within their boundaries and are connected with other protected areas via intact corridors
(Radeloff et al. 2010)According to the Rdeloff et al. study, the main threat to protected areas in the
U.S. is housing density, which is highly correlated with population density. Trends in the conversion
of grasslands to corn and soybean cropping in recent years within the Corn Belt (mfrtions
Minnesota, lowa, Nebraska, South Dakota and North Dakota) may further degrade the conservation
value of agricultural lands (Wright and Wimberly (2013). The adverse effects of development also
impact the quality of the natural environment and visitoreeigmce related to dark night skies,

natural soundscapes and viewscapes/scenery.

Indicatorsand Measures

M Land cover and Use
o0 Extentof Anderson Level | classes
o Extentof natural vs. converted lamdver
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o Extent of mpervious surface area
1 Human populatiomnd housing

0 Housing density

o Historicalpopulation: total and density

o Population: current and projected total and density
1 Conservation status

o0 Protected arefpwnership) extent

o Biodiversity conservation status (level of protection)

4.2.2. Data and Methods

Spatid data for land cover, population, and housing used for condition and trend analysis were
provided by the NPS NPScape Program and follow protocols described in Monahan et al. (2012).
Sources of other data are noted below.

Defining Areas of Interest

Landsca@e context elements within and adjacent to the park were compared to resource conditions in
the broader region surrounding the pdr&ndscape attributes important to park resources often vary
with scale or spatial extent. Relevant scales or areas os&@(@PAS) include the landscape within

the park itselfi.e., the reporting unit used for many focal resources inthisreport) he o6 boundar )
area immediately adjacent to the park (8dumn buffer), the local area surrounding a park (e.g.,

within 30 km of the parkboundary, the watershedrea(supstream from the paihkfluencing park
streamsnearby countiesgnd thebroader ecoregioreas of analysis used for the different

landscape context indicators and metrics are based on recommendationfitahaMet al. (2012)
(Table4-1), and serve to capture a variety of scales to facilitate examination of the integrated effects
of human activitiesContributing upstream watershed is included because it significantly influences
water quality and watershdgdrologic characteristics (Monahan and Gross 200t#).park is

relatively small, regional topography is very gentle, and climate is fairly uniform throughout the

areas of interest.

Land Cover

USGS National Land Cover Dataset (NLCD) data for 2006 was taseharacterize current/recent
conditions. NLCD data products are derived from Landsat Thematic Mapper (TM) imagery with a
30m pixel resolution. NLCD change detection is a very powerful tool because it follows a well
documented, consistent procedure thdiighly repeatable over time. Although NLCD data date

back to 1992, differences in classification and analysis methods do not favor comparison of the 1992
data with 2006 data (Monahan et al. 2012). We present the 2006 NLC[Paatedures for the
summaization ofdata for the following indicators are from NPZ®143.

Anderson land cover/land use classedNLCD data were interpreted and classified using Anderson
Level | land cover classe$dble4-1) for the areas of analysis listedTiable 42.
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Table 4-1 Anderson land cover/land use classes (Anderson et al. 1976) and rules for reclassifying
Anderson land cover as natural vs. converted land cover.

Anderson Level | Anderson Level Il Natural/Converted
Open Water Natural
Developed Converted
Barren/Quarries/Transitional Natural

Forest Natural
Shrub/Scrub Natural
Grassland/Herbaceous Natural
Agriculture pasture/hay vs. cultivated Converted

agriculture
Wetlands Natural

Table 4-2. Areas of analysis used for landscape context measures.

Areas of Analysis

3 km Counties
Buffer Contributing Overlapping Tallgrass
Around Park + 30 Upstream With Park + Prairie
Indicators and Measures Park km Buffer ~ Watershed 30 km Buffer Region
Land cover and use
Anderson Level | X X X
natural vs. converted land cover X X X X
impervious surfaces X
Human Population and Housing
population total and density by
census block group (historical and X
projected)
historical population totals by county X
housing density 1970-2010 X X
Conservation status
Protected areas (ownership) and X X X

biodiversity conservation status

40



Acreage of natural vs. converted landoverr. The NLCD Anderson Level I f
Afagricultureodo cl asses (Tabledel)andeanalyzed usingfteardasa s fcon

analysis listedin4:1. Ot her c¢cl asses were classified as fins
Impervious surfaceareaThe NLCD Anderson Level | Adeveloped
Aii mperviouso and al | coltahsesri fliaendhndeswmlydep esirgytihaocsusseds w

areas of analysis listed rable 42. Areas that are more impervious reduce the amount of water
infiltration into the soil and local water tables, and contribute to altered hydrographs and flashier
runoff characteristics.

Historical land cover and land use changes at PIBEe@xamined by Narumalani et al. (2004).

Aerial photography spanning a period of six decades, IKONOSparpened (ineterpixel) data,

and input from thé&ationalPark Service were used to develop land cover classification maps for the
late 1930s, 1960and 1990sA postclassification algorithm was applied to derive land cover changes,
and landscape metrics were used to analyze specific habitat cisseific magery for the project
included aerial photography from 1938 and 1968, digital USGS orthophoto quadrangles frem 1991
1997 (1:12,000 black and white), and 1m pixel Ikooasrimagery from 2001. A total of 15 land
cover/landuse categories were identifiear fPIPE comprising a combination of the USNVC

Formation Class (Grossman et al. 1998) and Anderson land use classes (Anderson et al. 1976). A one
hectare minimum mapping unit was applied to classify and delineatedardlanduse polygons, in
conjunctionwith site visits and collaboration withark staff. Land cover classes included upland
forests/woodlands;ropland, degraded prairie/pasture, tallgrass prairie, native prairie plantings, other
croplands (mainly smooth brome and reed canary grass spgssjire, Sioux quartzite prairie, farm
ponds, rivers and streams, commercial, farmsteads and agriculture buildings, urban, roads and
railroads, and residential. The 2004 analysis examined the area extending approximately 5 km out
from the monument boundanycluding the City of Pipestone. The Narumalani et al. analysis
focused ortemporal changgin clasdevel metrics expressed as the total acreage or change of a
given class integrated across all patchémr@e detectiofor classlevel metrics was usdad

highlight and evaluateamifications of human (or humanduced activities) on th&natural”

vegetation cover within and around thenumentMap productdllustrate wherechanges occurred
(Narumalani et al2004)

Human Population and Housing

Housing Bensity

Change from 1970 to 2010 and projected changes to 2050 were examined. The NPScape housin
density metrics used here are based orspiaially Explicit Regional Growth Model (SERGoOM v3)
(Theobald 2005). Housing density data are categorized imort@niform development classes
described by Theobald (2005): rurat@®618 units/ha), exurban (0.0611847 units/ha), suburban
(1.4710.0 unit/ha), and urban (> 10.0 units/ha). The-noifiorm ranges permit a much finer
delineation of areas of loensty housing than is common for natological studies (Monahan et

al. 2012).
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Total Population and Population Density

Historical data was derived from cou#dgvel population totals for all counties overlapping with the
30 km park buffer and, and U.S CassBureau block data from 1990, 2000 and 2010 for population
density. Population density (number of people per square kilometer) classes follow NPScape
guidance (NPS 2014b).

Conservation Status

For our region of interest, the two primary sourcegrofected areas data were the Protected Areas
DatabasdJS (PADUS) Version 2 (Conservation Biology Institute 2013) andNhag&onal

Conservation Easement Database (NCED). The two databases are designed to be used together to
show comprehensive protectiaiatsis for areas of interest while using compatible database attributes
such as ownership type and agency.

Ownership

Land ownership greatly influences the level of conservation protection. TheUFSA@@BI Edition)
Version 2 is a national database of prt#ddee lands in the United States. It portrays the United
States protected fee lands with a standardized spatial geometry with valuable attribution on land
ownership, management designations, and conservation status (using national GAP coding systems).
The National Conservation Easement Database (NGERgion Il (July 2013)s a voluntary
nationalgeospatiatiatabase of conservation easement informakiatcompilesrecords from land

trusts and public agencies throughout the United Stidiesa mllaborativepartnershigoy the
Conservation Biology Institute, Defenders of Wildlife, Ducks Unlimited, NatureServe, and Trust for
Public Land(National Conservation Easement Datal2GE3) As of May 2013, the acreage of
publicly-held easements is considd to be 90% complete for Minnesota; the accounting of the
acreage of NGeld easements in Minnesota is currently estimated at approxirnatejyercent
complete. The low percentage of completeness for N&I@ easements is becausgethey have not
beendigitized, 2) they were withheld from NCED, or 3) the NCED team is still working with the
easement holders to collect the information
(http://www.conservationeasement.us/about/compéestgn

Level of Protection

The United States Geological Surv@gp Analysis Program (GARJses a scale of 1 to 4 to

categorize the degree of biodivergiytectionfor each distinct land un{Scott et al. 1993)A status

of "1" denotes the highest, mogirmanent level of maintenance, and "4" represents no biodiversity
protection or areas of unknown statike PADUS (CBI Version 2) database includes the coded

GAP biodiversity protection status of each parcel. The NECD database is designed to accommodate
the GAP protection status field but most parcels have not been assigned a GAP conservation value.
The four status categoriase described below.

Status 1:These arealsawe permanent protection from conversion of natural land cover and a
mandated managentgpian in operation to maintain a natural state within which disturbance
events (of natural type, frequency, and intensity) are allowed to proceed without interference or
are mimicked through managemeviost national parks, Nature Conservancy preseroeses
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wilderness areas, Audubon Setyi preserves, some USFWS National Wildlife Refuges and
Research Natural Areas are included in this class.

Status 2: Thesearea have permanent protection from conversion of natural land cover and a
mandated management plan in operation to maintain a primarily natural state, but which may
receive use or management practices that degrade the qiakigtong natural communities.
Somenational parks, most wildeess areas, USFWS Refuges managed for recreational uses, and
BLM Areas of Critical Environmental Concern are included in this class.

Status 3: Thesearea havepermanent protection from conversion of natural land cover for the
mgority of the area, butnay besubject to extractive uses of either a broad;ilonsity type or
localized intense typd&his classalsoconfers protection to federallistedendangered and
threatened species throughout the avé@st nordesiqated pblic lands, including USFS, BLM
and state park lanare included in this class.

Status 4:These areasitk irrevocable easement or mandate to prevent conversion of natural
habitat types to anthropogenic habitat tyddss class bows for intensive use tbughout the
tract andincludes those tracts for which the existence of such restrictions or sufficient
information to establish a higher status is unkndwWast private lands fall into this category by
default.

Protected areas data from the two databasssexamined by owner type and by easement protection
status within a 30 km buffer of the park boundary. GAP biodiversity protection values were
summarized for NCED and PADS parcels by ownership type within the 30 km buffer areas of
interest. Protectedreas data was also examined within the entire range of the tallgrass prairie
ecoregion. There is some spatial overlap between the ®P@&R@nd NCED databases due to the
existence of easements on some lands owned by federal, state and local agencieaséfnherdse
existed on these public (i.e., protected) lands, the acreages were reported by owner only to avoid
double counting in the number of protected acres.

4.2.3. Condition and Trend
Land Coverand Use

Extent of Anderson LevelassesPark Creation to 2000

The most notablehangeat PIPEfor the period1940s1960swasthe lossof pastureo croplandand
urbanization(Figure 41, Figure 42). The three largesypes of landuse conversions during the
period for the area of analysis were pasture to crogléd@l ha), cropland to commercial (173 ha),
and cropland to urban (149 ha). Tleelassiicationof someareasof degradegrairie/pastur¢o
Siouxquartziteprairie over time contributed to a loss in the total area of pasture area over tiene.
1938 clas#ication showed no forested acreaBewringthe 1960s1990speriod60% of the savanna
woodlandsnaturednto deciduoudorest.At the sametime pastureareascontinuedio loseground
mainly throughconversiorto croplandand/ordegradegrairie/pastureThe period from th&940sto
1990 saw a significanhcreasen urbanizatiorthroughinfrastructuredevelopment (e.g., roads and
railroads) as well asommercial (e.g., agricultural buildingahdresidentiadevelopment.
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Figure 4-1. Changes in total area of land cover classes at Pipestone National Monument and the
surrounding area for the 1940s, 1960s and 1990s derived from image interpretation (Narumalani et al.

2004). HCF=croplands, HOC=other croplands, HPG=pasture, LCM=commercial, LFB=farmsteads and
agriculture buildings, LRS=residential, and LUR=urban.
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Figure 4-2. Land use/land cover classification maps of Pipestone National Monument and the surrounding area for the 1940s, 1960s, and 1990s
derived from image interpretation (Narumalani et al. 2004).




Thegeneraldeclinein pastureareasand patch sizand accompanyingcreasesn croplandindicae
changesn agriculturalpracticesn theregion.Shifts in the proportions of pasture vs. cropland may

be influenced byal conservation goals, changes in economic subsidies for grain crops, changes in
profit margins and changing demand for crops such as corn.

Extent of Anderson Levellasses2006

In the immediate vicinity of PIPE (3 km buffer) over 66% of land acreage is used for agriculture, and
nearly 20% is developed (Table34Figure 43, Figure 44), reflecting the proximity of the park to

the City of Pipestone. Within the 30 km buffer, ov2f@of the acreage is agricultural and 5% is
developed. The area within 3 km of the park boundary is a@reloped compared the

surrounding 30 km area. Land cover of the contributing upstream watershed of Pipestone Creek is
over 83% agriculture, partiglexplaining the impaired condition of water quality in Pipestone Creek.
The interaction between agricultural acreage and housing development, which is an important aspect
of land cover and land use surrounding PIPE, is discussed Rofhéation and Hosingsection.

The next most prevalent | and cover c¢class for al
areas are small and very fragmented, and likely have lost most of their ecological furigtime ¢

3).

Table 4-3. Anderson Level 1 land cover classes within 3 km and 30 km of the park boundary, and within
the contributing upstream watershed of the park.

Contributing Upstream

3 km Buffer Park + 30 km Buffer Watershed

Anderson Level | Classes Acres % of Area Acres % of Area Acres % of Area
Open Water 27 0.26% 2,423 0.33% 3 0.01%
Developed 2,075 19.87% 39,002 5.34% 2,146 10.02%
Barren/Quarries/Transitional 0 0.00% 296 0.04% <1 0.00%
Forest 93 0.89% 4,522 0.62% 149 0.69%
Scrub/Shrub <1 0.01% 762 0.10% 5 0.02%
Grassland/Herbaceous 1,187 11.37% 74,048 10.14% 1,129 5.27%
Agriculture 6,978 66.82% 601,152 82.34% 17,945 83.76%
Wetlands 83 0.80% 7,850 1.08% 48 0.22%
Total 10,443 730,086 21,425

Within the Western Corn Belt Region, which encompasses portions of Minnesota, lowa, Nebraska,
South Dakota and North Dakota an accelerated rate of conversion of grasslands (including native and
anthropogenically modified grassland types) to croplandsa&siclorn and soybeans was

documented between 2006 and 2011 (Wright and Wimberly 2013). Results indicated a net decline in
grassdominated land cover totaling nearly 530,000 ha (>1.3 million acres) over theetvdime

period, with annual conversion rategrying from 1.65.4%. In Minnesota and eastern South Dakota,
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the net loss of grassland to corn and soybeans was estimated at 262,000 ha (647,400 acres). This
trend will reduce the amount of native prairie and other pasture and hay fields, reduce vpnnecti
among grassland patches, and reduce wildlife habitat value while further altering watershed
characteristics and water quality.

3 km Buffer Park +30 km Buffer Contributing Upstream Watershed
Area (%) Area (%) Area (%)

0 5 10 15 2 25 0 5 10 15 20 250 5 10 15 20 25

Open Water

Barren/Quarries/Transitional

Forest

Anderson Level | Land Cover Classes

Scrub/Shrub

Figure 4-3. Anderson Level 1 land cover class proportions within 3 km and 30 km of the park boundary,
and within the contributing upstream watershed of the park. Developed and agriculture land cover classes
are omitted here to improve the scale of the graphic.

Natural vs. Converted Land Cover

Change in natural land cover is possibly the most basic indication of ratltat d i t i on ( O6 Ne i |
1997). Knowing the proportion of natural land cover to converted land area provides a general

indication of overall landscape condition, offering insight into potential threats and opportunities for

future conservation.

The propation of converted acreage surrounding PIPE is high in relation to the Tallgrass Prairie
ecoregion as a whole (Tabled). Within 30 km of the park boundary, only 12.3% of the area is
classified as natural, and only 6.2% of the contributing upstream wediessblassified as natural
(Figure 4.15). Within the 30 km neighborhood, much of the area classified as natural is located on
stateconservation lands. The low proportion of natural acreage is largely attributed to the heavy
agricultural use of the sumading area, both for pasture and crdggire 44).
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Table 4-4. Natural vs. converted acreage within 3 km and 30 km of the park boundary, within the
contributing upstream watershed of the park, and within the Tallgrass Prairie Ecoregion.

Natural Converted
AOA Acres % of Area Acres % of Area
3 km 1,390 13.31% 9,053 86.69%
Park + 30 km Buffer 89,900 12.31% 640,186 87.69%
Contributing Upstream Watershed 1,334 6.22% 20,091 93.78%
Tallgrass Prairie Ecoregion 63,104,955 32.73% 129,810,610 67.27%
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Figure 4-4. Anderson Level 1 land cover classes within 3 km and 30 km of the park boundary, and within the contributing upstream watershed of

the park. National Land Cover Dataset data provided by NPS NPScape Program.



Impervious Surface Area

Impervious surfaces indlie bare rock, paved roads, and areas covered with concrete/cement. These
surfaces prevent infiltration of precipitation into the ground. This reduced infiltration can cause

significant hydrological effects including quicker runoff into streams and riestdtmg in flooding,

more rapid rising and dropping of streamflow after precipitation events, reduced local

evapotranspiration, and reduced recharge of local aquifers. Imperviousness can also increase aquatic
pollution as contaminant transport is increhbg water flowing directly to a stream or other water

body without the opportunity for uptake or decomposition by plants and soil organisms. The effects

of imperviousness on hydrology are especially pronounced in smaller watersheds, such as the
contributn g wat ershed upstream of the monumentds Pip

Most of PIPEOGsSs contributing upstream2%vater shed
impervious surfaces)able 45, Figure 45). There is a low degree of imperviousness iatreh to

other parks in the region. This is most likely attributable to the fact that although the area is highly
converted, most of the converted acreage is agricultural land, which retains a significant amount of

its permeability. As a benchmark for fueuanalysis, approximately 2.6% of the contributing

upstream watershed of the park was classified as having >25% impervious sUiééte<b), the

vast majority of which is concentrated near the town of Pipestone (Figi)e 4

Table 4-5. Percent impervious surfaces acreage based on Anderson land cover classes within the
contributing upstream watershed of the park.

Percent

Impervious

Surface Acres % of Area
0% - 2% 19,543 91.22%
2% - 4% 431 2.01%
4% - 6% 246 4.15%
6% - 8% 155 0.72%
8% - 10% 115 0.54%
10% - 15% 172 0.80%
15% - 25% 198 0.92%
25% - 50% 301 1.40%
50% - 100% 264 1.23%
Total 21,425
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Figure 4-6. Percent impervious surfaces based on Anderson land cover classes within 3 km and 30 km of the park boundary, and within the
contributing upstream watershed of the park. National Land Cover Dataset data provided by NPS NPScape Program.



Population and Housing

Historical and Projected Population

High human population density has been shown to adversely affect the persistence of habitats and
species (Kerr & Currie 1995Voodroffe 2000ParksandHarcourt 2002Luck 2007).Conwersion of

natural landscapes to agriculture, suburban, and urban landscapes is generally permanent, and this
loss of habitat is a primary cause of biodiversity declines (Wilcove et al. 1998). Human conversion of
landscapes can alter ecosystems and redadevérsity by replacing habitat with ndrabitable

cover types and structures, fragmenting habitat, reducing availability of food and water, increase
disturbance by people and their animals, alter vegetation communities, and increase light, noise, and
pollution.

Populaton density within 30 km of theonn u me nt 6 s boundary is | ow, witt
this 30 km radius having a density 620 people/km(Table 46, Figure 47) and consisting of

agricultural fields. Historically, population has beetatively constant with the exception of

Minnehaha County, South Dakoféigure 48), which contains the City of Sioux Falls.

There appears to be a trend in conversion of rural (agricultural) land to exurban housing
developments. In addition, a large portiof the acreage surrounding PIPE is private agricultural
land, which is more readily converted to housing than other types of land coverage (Hansen and
Gryskiewicz 2003).

Table 4-6. Population density classes and acreage for 1990, 2000, and 2010 by census block group for
the park and surrounding 30 km buffer.

Census Year

1990 2000 2010
Population Density (#/km ?) Acres % of Area Acres % of Area Acres % of Area
1-20 1,202,295 97.37% 1,352,210 98.15% 1,269,671 98.75%
211 75 23,965 1.94% 15,078 1.09% 7,957 0.62%
7671 150 7,127 0.58% 7,203 0.52% 5,003 0.39%
1517 300 713 0.06% 2,461 0.18% 1,864 0.14%
3017 750 379 0.03% 616 0.04% 1,217 0.09%
7517 1200 340 0.03% 117 0.01% 0 0.00%
120171 1500 0 0.00% 0 0.00% 0 0.00%
15017 2000 0 0.00% 0 0.00% 0 0.00%
20017 3000 7,170 0.58% 0 0.00% 0 0.00%

>3000 27,163 2.20% 0 0.00% 0 0.00%
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Figure 4-8. Historical population by decade for counties within 30 km of PIPE.

Housing Density

Housing density in the region surrounding the park shows marked patterns of change between 1970
and 200 (Table 47, Figure4-9). Areas shown in white in Figuke9 are primarily State Wildlife
Management Agas and open water. Within a l@® radius of the park, the most notable trend is an
increase in exurban areas and a corresponding decrease in rural acreage. There is an increase in the
acreage of suburban areas but the major change in housing densitciatas with existing urban
centers such as Flandreau and Pipestone. However, there is also a pattern of increasing exurban
housing density in unincorporated areas, including areas close to towns and majokaasstge for

urban, commercial/industrizand urban regional park classes for 2010 were 40 (0.06%), 74 (0.11%,
and 36 (0.06%), respectively. These acreages are not forecasted to significantly change by 2050.
Beyond the 3&m area of interest, the largest changes in housing density are assodlatbé w

corridors of Interstates 90 and 29 and the cities of Brookings, Dell Rapids, Sioux Falls, Luvern,
Worthington and Marshall. These general patterns of change are projected to cor@bR@dad

beyond.

Table 4-7. Historical and projected housing density by decade for 1970-2050 for the park and
surrounding 30 km buffer.

Housing Density Classes

Rural Exurban Suburban
(07 0.0618 units/ha) (0.0618 1 1.47 units/ha) (2.4771 10.0 units/ha)
Census Year Acres % of Area Acres % of Area Acres % of Area
1970 60,352 93.15% 4,155 6.41% 143 0.22%
1980 58,789 90.74% 5,703 8.80% 150 0.23%
1990 57,358 88.53% 7,127 11.00% 155 0.24%
2000 54,606 84.28% 9,876 15.24% 171 0.27%
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Table 4-7 (continued) . Historical and projected housing density by decade for 1970-2050 for the park

and surrounding 30 km buffer.

Housing Density Classes

(07 0.0618 units/ha)

Exurban
(0.0618 7 1.47 units/ha)

Suburban

(2.47 7 10.0 units/ha)

Census Year Acres % of Area Acres % of Area Acres % of Area
2010 54,549 84.20% 9,934 15.33% 167 0.26%
2020 54,439 84.03% 10,043 15.50% 168 0.26%
2030 54,354 83.90% 10,129 15.63% 168 0.26%
2040 54,310 83.83% 10,173 15.70% 168 0.26%
2050 54,268 83.76% 10,215 15.77% 168 0.26%
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Conservation ftus

Spatial data from the Protected Areas Datah#S€PADUS) Version 2 (Conservation Biology

Institute 2013) and the National Conservation Easement Database (NCED) were consolidated to
show comprehensivagection status for areas of interest while using compatible database attributes
such as ownership type and agerfégyre 410). The analysis illustrates the paucity of protected

areas near the park and in the larger region.

Ownership

Across the tallgrasprairie region, over 95% of lands is privately held and has no formal

conservation protection statugaple 48). Within the 30 km park buffer, contributing upstream

watershed, and the Tallgrass Prairie ecoregion, most protected land is owned by thieaRddstate
governments. The 30 km park buffer and contributing upstream watershed areas of analysis (AOAS)
each have less than half as much protected area as the Tallgrass Prairie ecoregion as a percentage of
the total AOA.

Table 4-8. Acreage of lands within 30 km of the boundary of Pipestone National Monument, within the
contributing upstream watershed of the park, and within the Tallgrass Prairie ecoregion having some level
of conservation protection. Percentages are the proportion of total AOA area.

Contributing Upstream Tallgrass Prairie
Park + 30 km Buffer Watershed Ecoregion
Ownership Acres % of Area Acres % of Area Acres % of Area
Federal 420 0.06% 420 1.96% 2,697,850 1.40%
Native American 0 0.00% 0 0.00% 1,342,495 0.70%
State 8331 1.14% 14 0.07% 2,642,484 1.37%
City and County 0 0.00% 0 0.00% 253,233 0.13%
Private Conservation 1348 0.18% 0 0.00% 202,828 0.11%
Joint Ownership/Unknown 0 0.00% 0 0.00% 148,056 0.08%
Other Conservation Easement 1794 0.25% 0 0.00% 874,316 0.45%
Total 11,892 1.63% 434 2.03% 8,161,263 4.23%
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Figure 4-10. Conservation status of lands within 30 km of the boundary of Pipestone National Monument. Map classes combine ownership from

the NCED database and biodiversity conservation status from the PAD-US protected areas database.



Level ofProtection

There are differences in the inferred protectio

km of the monument, there is substantial land area within each biodiversity protection status level
(Table 49). Approximately 0.5% of the land area is classified as having Level | or Level Il

protection. Most of the protected acreage in the contributistyegam watershed is Level Il. For
comparison, more than half of the protected acreage in the Tallgrass Prairie ecoregion is Level IV,
the default, lowlevel protections status for private lands or those with unknown conservation status
More than 95% of and area in each of the AOAG6Gs i s not
of the monument and other occasional parcels that do provide biodiversity protection in the region.
Moreover, in protected areas such as Pipestone National Monument naicesksps and

disturbance regimes are more likely to occur and support a greater degree of biodiversity, as well as
provide critical linkages to the surrounding natural landscape.

Table 4-9. Biodiversity protection status of lands within 30 km of the park boundary, within the
contributing upstream watershed of the park, and within the Tallgrass Prairie ecoregion (PAD-US and
NCED data). Percentages are the proportion of total AOA area.

Contributing Upstream Tallgrass Prairie
Park + 30 km Buffer Watershed Ecoregion
Protection Level Acres % of Area Acres % of Area Acres % of Area
| (highest) 1,767 0.24% 0 0.00% 241,924 0.13%
1] 2,567 0.35% 304 1.42% 1,069,131 0.55%
Il 4,434 0.61% 130 0.61% 2,359,903 1.22%
IV (lowest/status unknown) 3,124 0.43% 0 0.00% 4,490,304 2.33%
Total 11,893 1.63% 434 2.03% 8,161,263 4.23%

Land Cover and Land Use Summary

Overall, the nmnument has similar threats and stressors to other parks in the Tallgrass Prairie
ecoregion. Most of these land cover and landratsed stressors at PIPE and in the larger region are
related to the development of rural agricultural land and increapepulation/housing over time.
Conversion of hay and pasture lands to cropland is also a concern, as the former class has much
higher conservation value. This trend in land development, coupled with the lack of signHicantly
sized and linked protected ase#s of significant concern to the conservation of natural resources of
Pipestone National Monument to also include dark night skies, natural sounds and scenery. This
summary of land cover and land use metrics provides a useful context of known stseggunds
resource planning and management within the park, and provides a foundation for collaborative
conservation with other landowners in the surrounding area.

4.2.4. Uncertainty and Data Gaps

There are several sources of uncertainty associated with our analysis. The first is related to the single

point in time (2006) that was examined for in land cover and land use using NLCD data. The
inclusion of 2011and other data in the future will provad@ore robust assessment of trends and

61



rates of change in land cover and land use. Another source of uncertainty is associated with
assumptions regarding the relationships between land ownership and conservation status. Although
information about ownershignd protection status can be usetiod, degree to which biodiversity is
represented within the existing network of protected ardasgslyunknown(Pressey at al. 2002).
Protection statuand extent must be combined with assessments of conservédgiciivehesge.g.,
location, design, and progress toward conservation objectiveshievanoremeaningful results

29

(Chape et al. 2005).

Table 4-10. Summary for landcover and land use indicators, Pipestone National Monument.

Indicator

Summary Notes Integr ating Results for 3 km, Contributing
Upstream Watershed and 30 km Areas of Interest

Land cover

Extent of Anderson Level | and Il
classes

Extent of impervious surface area

Extent of natural vs. converted land
cover

Population and Housing

Historical and projected population
total and density

Housing density

Conservation Status

Protected area extent and biodiversity
protection status

Most of the acreage surrounding PIPE is agricultural land. The next most
prevalent land use is developed, most of which is housing developments.

Highly impervious areas are concentrated in and around the city of
Pipestone. Although the watershed is highly converted, most of the
converted acreage is agricultural land, which retains a significant amount
of its permeability.

The proportion of converted acreage surrounding PIPE is high in relation
to the Tallgrass Prairie Ecoregion as a whole. This can be attributed to
the heavy agricultural use of the surrounding area, both for pasture and
crops.

Population density within 30 km ofthemo nument 6 s bound
most of the area having a density of 1-20 people/kmz. The low population
density is attributable to the prevalence of agriculture surrounding the
park. Historically, county populations in the surrounding area have been
relatively stable with the exception of Minnehaha County, SD.

Within a 30 km radius of the park, the most notable trend is an increase
in exurban areas and a corresponding decrease in rural acreage. There
is an increase in the acreage of suburban areas but the major change in
housing density is associated with existing urban centers such as
Flandreau and Pipestone. However, there is also a pattern of increasing
exurban housing density in unincorporated areas, including areas close
to towns and major roads.

Only a small portion of the acreage in the region surrounding the park is
protected through ownership or conservation easements. The vast
majority of land surrounding PIPE is private agricultural land, which
generally has a low biodiversity protection level, limited conservation
value, and is more readily developed than some other types of land. The
rarity of protected lands within the region underscores the critical value of
the park as a conservation island within a highly altered predominantly
agricultural landscape.
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4.2.5. Sources of Expertise

Bill Monahan, Ph.D., NPS Inventory and Monitoring Division, Fort Collins, Colorado. Dr. Monahan
provided NPScape data summaries, consutethe selection and use of various metrics, and
provided helpful manuscript reviews.
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4.3. Night Sky

4.3.1. Background and Importance

National parks serve as refuges for the endangered resource of natural darkness and starry night
skies.Existing studies from the NPS Midwest Region since 2000 found that dark night skies are rated
a sexti@mely or fiveryo importantby 57% of visitor groupgKulesza 2013)The National Park

Service recognizes the significance of naturally dark night skies to humans and many wildlife species
and aims to protect the night skies of parks just like other important natural restitbasearly

half of all specis being nocturnal and requiring naturally dark habitat, the presence of excessive
artificial light may cause significant impacts to these species (Rich & Longcore Fad@lumans,

there is cultural, scientific, economic, and recreational value assowigleligh-quality night skies.

NPS Management Policies state that the NPS Awil
natural lightscapes of parks, which are natural resources and values that exist in the absence of
humanc aus ed | i g hTheMahagdment RolickHajso provide specific actions that the

NPS will take to prevent the loss of dark conditions and natural night skies: restricting the use of
artificial lighting where safety and resource requirements allow, utilizing minmmaéctlighting
techniques, and providing shielding for artificial lighting (NPS 2006).

The National Park Service defines a natural lightscape as the resources and values that exist in the
absence of humaraused light at night time. Natural lightscapes ateatifor night time scenery

and nocturnal habitat. There are many species that depend on natural patterns of light and dark for
navigation, predation and other natural processes. Light pollution can have a negative effect on the
organisms within a park drcan also reduce the enjoyment of park visitors. Light pollution is the
introduction of artificial light either directly or indirectly into the natural environment. Light

pollution degrades the view of the night sky by reducing the contrast betweesxtaaterrestrial

objects and the background of the luminous atmosphere. An example of light pollution is sky glow,
sometimes referred to as artificial sky glow, light domes or fugitive light; which is the brightening of
the night sky from human caused ligitattered into the atmosphere. Another form of light pollution

is glare, which is the direct shining of light. Both of these forms of light pollution impact the human
perception of nighttime, natural landscapes and features of the night sky (NPS 2014).

Excessive atrtificial light pollution in NPS units threatens to adversely impact natural and cultural

resources and the quality of visitor experienttas.important to document existing baseline

conditions of the lightscapes in national park units sorttaatitoring of longterm changes can be

implemented and management actions taken to restore natural conditionshedessaryNPS

undatedl. Poor air quality in combination with light pollution can dim the stars and other celestial

objects and lead todeced ability to see starryskigsoor air qual ity al so 06sce
resulting in parks near <cities and other signif
pollution was not present (Kulesza 201B)e NPS has clearly dectal its commitment to protecting

dark night skies for the benefit of natural ecosystems and the enjoyment of current and future

generations of park visitors.

The no n u meFmal General Management Plan and Environmental AssesqiGéi®) (NPS
2008)affirmsthe importance of the night sky in contributing to quality viséxperiencesThe GMP
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lists the actions that treonument will take to assure that desired night sky conditions are attained.
These management actions include working with neighboring community and agency partners to

encourage protection of the night sky and evaluating impacts todheu ment 6 s | i ght scap

facilities within the nonumentNPS 2008p. 36).The GMP acknowledgdhe environmental

i mpacts of continued visitor use under the Pref

human activities associated with ongoing visitor use of the national monument would prevent natural
prairie ecosystems and wildlife poptitans from reaching their full potential in size and population
densityo (NPS 2008).

Threats and Stressors

The primary threat to dark night skies at Pipestone NM is anthropogenic light sources from
development near the park boundaries and the adjacgrafCGitpestoneThese artificial light
sources ara distinct threat to the naturahdhistoricallightscape othe nonumentas well as the
quality of visitor experiences that can be offered to the pubdiche city of pestone has
encroached on theann u me nt 6 s betomes dhere difficult fort the onument to provide a
setting that maintains thestoricaland aesthetic values for which it was created. Some artificial light
is generated at the Visitor Center and parking lot in the core of thelpadkr the current GMP, the
park Headquarters/Visitor Center and maintenance facilities woukehb@ved from the center of the
monument to improve scenery and restore ethnographic landstapesiould also remove some
light souces from the main cord the nonument and marginally improve dark night skies
conditions.

A comprehensive examination of landscape context related to landcover/landuse, population and
housing, all of which are correlated with light pollution, was performed for the area sungtimel
monumentand is presented in thendscap&ontextsection within this chapter. These parameters
can be highly correlated with ambient light levels. Therefore changes in these factors can have
significant impacts on the night sky of tienument

Indicators and Measures

1 Artificial night sky brightness

4.3.2. Data and Methods

Artificial night sky brightness was examined using existing daitazano et al. (2001) created an
atlas that displays artificial night sky brightness worldwide. It is possible ttelBgaestone NVand
the surrounding region on the image for North America from the dtteesimage was inspected for
the quality of the night sky and major sources of lgbitution in proximity to the mnumentThe
NPS Natural Sounds and Night Skies iBion (NSNSD) is developing a national model of ambient
light levels and anthropogenic light sourdeladeling was applied to all NPS units, including the
entire area of Pipestone National Monument and the surrounding ré&bisrspatial database will
pemit estimation of the impact of anthropogenic light pollution onddwkness of night skies in the
monument. However, model results were not available to include in this assessment.
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4.3.3. Reference Conditions

The reference condition for the night skyHIPEis one in which the intrusion of artificial light into

the night scene is minimizeNatural sources of light (such as moonlight, starlight, and the Milky
Way) will be more visible from the onument than anthropogenic sourags little outdoor lighting

as is necessary to maintain a safe environment for visitors and employees will be dtdiredp the
monument achieve its cultural mission, it is important that the night sky retains its historic character.

4.3.4. Condition and Trend

The image from the Cinzaret al. (2001) atlas of artificial night sky brightness for INgkinerica is
shown inFigure 411, including amagnifiedimage centered on theamumentFrom the zoomed

image, it is apparent that theomument is close to pockets of darker night skies, é&peto the

north and eastlowever, there are also several nearby sources of significant light pollution, such as
the cities of Sioux Falls, South Dakota to the southwest and Minneapolis, Minnesota to the northeast.
Other towns in the region (for exampWatertown and Brookings, South Dakota and Marshall,
Minnesota) produce noticeable levels of light pollution, but their effects are more loc@leed.

town of PipestoneMinnesota and residential and commercial light sources near the park
significantlyaffect to the quality of the night sky in the onumentObservations of the night sky at

the park are significantly affected by light sources within a mile of the park, as well as light domes
from distant sources.

Based on the available data, the conditbthe night sky at the monument warrants moderate
concern. Because of trends in population, housing and development in the region, there is a
deteriorating trend in the condition of the night sky. Confidence in the assessment is medium.

Table 4-11. Condition and trend summary for dark night skies at Pipestone National Monument.

Condition
Indicator Status/Trend  Rationale

Dark Night Skies The condition warrants moderate concern with a deteriorating trend.

(overall) @ Confidence in the assessmentis  medium.

Artificial Night Sky

. Light pollution from the town of Pipestone, nearby urban areas, and more
Brightness

di stant urban centers degrades the
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Figure 4-11. Artificial night sky brightness in the contiguous U.S. (top) and the region surrounding
Pipestone National Monument (bottom) (Cinzano et al. 2001). Black represents darker conditions and
white areas represent the brightest night sky conditions.

4.3.5. Uncertainty and Data Gaps

No night skymonitoringstudieshave been conducted by the NPS at PipestoneTiigl modeled
ambient light levetlata areappropriate for NRCA condition rating, and may be assigned a medium
confidence level (pers. comm., Chad Moore). The NSNSD national mibakitoent light leved and
anthropogenic sources of light were not available during preparation of this assessment but will
provide a more quantitative indicator in the future.
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4.3.6. Sources of Expertise
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4.4. Soundscape

4.4.1. Background and Importance

Park natural soundscape resources encompass all the natural sounds that occur in parks, including the
physical capacity for transmitting thosatural sounds and the interrelationships among park natural
sounds of different frequencies and volumes (NPS 2006). Previous research shows that visitors to
national parks are often highly motivated to experience natural quiet and the sounds of nature
(McDonald et al. 1995Most visitors prefer to hear sounds that are intrinsic to the natural and

cultural settings of the parks they are visitiAggrowing body of research also documents the

biological and behavioral impacts of unnatural and unusual noigevariety of wildlife (Barber et

al. 2010).Many species depend on natural soundscape conditives from anthropogenic noise

intrusionsi to successfully reproduce and survive (Habib et al. 2007; Rabin et al. R026RO0 the

NPS issue® i r e cQOrderr#47sSoundscape Preservation and Noise Managdinenb ar t i cul at
National Park Service operational policies that will require, to the fullest extent practicable, the
protection, maintenance, or restoration of the natural soundscape resourcediti@nconimpaired

by inappropriate orexcs si ve noi s e 3. 0he ordeeestablisheN guislelirzed for0

monitoring and planning to preserve park soundscdyms.NPS management policies introduced in

2006 included several directives relatedtosbenc apes, i ncluding the affir
will preserve, to the greatest extent possible, the natural soundscapes of par&srvice will

restore to the natural condition wherever possible those park soundscapes that have become degraded
by unnatural sounds (noise), and will protect natural socaqss from unacceptable impactsiPS
2006).Excessive anthropogenic noise in NPS units threatens to adversely impact natural and cultural
resources and the quality of visitor experiendé® NPS haslearly declared its commitment to

protecting intrinsic soundscapes for the enjoyment of current and future generations of park visitors.

P | P BO®&Final General Management Plan/Environmental AssesqménP/EA) describes the

legal mandates of the NPS to protect natural soundscapes like other natural reSofdirces.i ons  wi | |
be taken to prevent or minimize unnatural sounds adversely affecting national monument resources
or values or w©f st hemé d( BN RTReFEEREBAthightights shécific.
management actions that tmenument will follow to mitigate noise intrusions, including

encouraging aircraft to avoid flying over tnument, requiring tour bus companies to follow
regulationgo reduce noise levels, and minimizing noise produced by motorized equipment used by
PIPE staff (NPS 2008, p. 36)he significance of providing opportunities for quiet and peacefulness

is emphasized in the FGMP/EA.n t h eMarRdgemantiZenes/Managermemnescriptions

section, expected soundscape conditions are dethiléte Visitor Services Zone, the Plan states

t hat fstiads mightble compromised because of the presence of vehicles and high levels of
useo ( NPS IathéRajrie Rregvatiod Jone, a low density visitor use area of the

monument, fANatur al gui et and sceni cinteuQuarryt y wo ul
Zone, AScenic quality and natural sounds woul d
useandquary dr ai nage pumpAndinth&Geemadnill U Zong an afed ) .

occasionally wused for American I ndian ceremoni e

experience solitude and natural sounds in a prairie environ®emids associatedth ceremonial
activities such as a Sun Dance would be moderat
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The FGMP/EA acknowledges the environmental impacts of continued visitor use under the Preferred

Al ternative: HANoise, artif i ciwiHondoingyikitoriusegftheand h
national monument would prevent natural prairie ecosystems and wildlife populations from reaching
their full potenti al i n si ze Thus,doisp ariginatingftomo n den
modern transportationjsrtor activities, facilities, and development within and beyond the

monument 6s boundaries and from motorized manage:
natural and historic soundscape of PIPE, as well as the quality of visitor experiences that

offered to the publicAs the city of Pipestone has encroached omtben u ment 6 s bor der s,
more difficult for themonument to provide a setting that maintainshis¢oricaland aesthetic values

for which it was creategérs. commS. Hendriks,July 8, 2013).

Threats and Stressors

Primary threats to the natural soundscape include noise originating from moderartedisp

within and beyond theamumend s b oundar i e s pnuhantananagementactivitiee d m
and from commercial, ingstrial, urban and exurban development. Transportation and development
noise sources are a distinct threat to the naturahetaricalsoundscape of PIPE, as well as the

guality of visitor experiences. Park management activities have been minimizedra/érrough

the use of best management practices, including the use of electric utility vehicles for park
management and maintenance. Aircraft noise is typically one of the most pervasive threats to natural
sounds in NPS units. Aircraft noise at PIPE i#able source of anthropogenic noise. Major nearly
airports include Sioux Falls, South Dakota; Omatehraska; Des Moines, lowitinneapolis,

Minnesota and Sioux City, lowa (Sioux Gateway Airport and lowa Air National Guard BAse).

majority of the hidp elevation air traffic is from Minneapolis to points west (FlightAware 2014).

There is little regional propeller airplane traffic feeding larger airport hubs (University of Nebraska
Omabha 2014)Government reports indicate that air and vehicle traffipasgected to significantly
increase at regional and national scales (U.S. Department of Transportation 2010; U.S. Department
of Transportation 2013).

A comprehensive examination of landscape context related to landcover/landuse, population and
housing, d of which are correlated with degradation of natural histbricalsoundscapes, was
performel for the area surrounding theonument and is presented in the Landscape Context section
within this chapter. These parameters can be highly correlated witkrasdundlevels. Therefore
changes in these factors can have significapaots on the soundscape of thenmment.

Indicators and Measures

Anthropogenic sources of noisg@resence/absence and relative noise level
Traffic volume onUS-75and othetocal roadsi vehicle counts

Percent time abovepecified level§ 35, 45, 52and60 dBA

Exceedence levelsLgg, Lso, L1o

Sounds levels by frequency

=4 =4 =4 4 A -

Attended listening sessioingercent time audibleatural/anthropogenic sound sources



€L

f  Anthropogenic sound level impadmodeled)i minimum, 1% quartile median 3" quartile
maximum

4.4.2. Data and Methods

The condition of the soundscape at PIPE was evaluated based on data provided by the NPS Natural
Sounds and Night Skies Division (NSNSDhe NSNSD conducted acoustical monitoring at a single
site in PIPE for 37 days in 2013 (NPS 20M&rious metrics of soundscape condition were collected
during this monitoring period and are described beldve NSNSD provided results from nation

wide modelnhg of ambient sounkvels (Mennitt et al. 2013Modeling was applied to all NPS units,
including the entire area of PIPE and the surrounding regjius.analysis permitted estimation of

the impact of anthropogenic noise on natural sound levels mdahament.Traffic volume data for
adjacent roads and highways are summarized in order to provide some context for the analysis of
external sources of noise affecting thenumentThe NSNSD conducted four hours of attended
listening over the course of a slaglay at PIPE in May, 2013 to identify all sound sources that are
audible from a specific site in tmonument during a fixed time interval (M. Nelson, personal
communication, July 15, 2013esults from the 2013 data collection are presented in N&28dd

and summarized her@ualitative data from PIPE staff are also presented in this assesStaéint.
members were asked to identify natural and huoersed (extrinsic or intrinsictoth@ n u me nt 6 s
values) sounds present at PIFEaff members were also asked to describe the desired soundscape
conditions for PIPE, including anthropogenic cultural sounds that could potentially be considered
appropriate fortheo nument 6 s mi ssi on and purpose.

Decibel Scale

Sound pressure levels artem represented in the logarithmic decibel (dB) sdal¢his scale, 0 dB

is equivalent to the lower threshold of human hearing at a frequency of Tkidscale can be

adjusted to account for human sensitivity to different frequencies of soundeaticorknown as A
weighting.A-weighted sound pressure levels are represented in the dBAEateples of common
sound sources (both within and outside of park environments) and their approximate dBA values are
presentedn (Table 412) (Lynch 2009).

Table 4-12. Sound pressure level examples from NPS and other settings (Lynch 2009).

Park Sound Sources Common Sound Sources dBA
Volcano crater (Haleakala National Park) Human breathing at 3m 10
Leaves rustling (Canyonlands National Park) Whispering 20
Crickets at 5m (Zion National Park) Residential area at night 40
Conversation at 5m (Whitman Mission National Historic Site) Busy restaurant 60
Snowcoach at 30m (Yellowstone National Park) Curbside of busy street 80
Thunder (Arches National Park) Jackhammer at 2m 100

Military jet at 2100m AGL (Yukon-Charley Rivers National Preserve) Train horn at 1m 120
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4.4.3. Reference Conditions

The reference condition for the soundscape in PIPE is one dominated by natural sounds that are

intrinsic to themonumentsuch as the sounds of wind, running water, birds, amphibians, deer, and

insects Cultural sounds specific to traditional quarrying activities and American Indian ceremonies

are also an important componentofthe n u ment 6 s desi r ed Opportunitielsgdoc ape c ¢
experience solitude and the sounds of a natural prairie environment are essential to many of the
traditional ceremoniegpérs. commsS. Hendriks, July 29, 2013).

Monument managers have identified natural sound sources that are no losget ir®IPE, such
as the extirpated wildlife species Ameridason andgreaterprairie chicken pers. comms.
Hendriks, September 10, 2013)reference condition rating system for ttve Soundscape
indicators is presented irable 413.

Table 4-13. Reference condition ratings framework for soundscape indicators at PIPE.

Warrants Significant

Indicator Good Condition Warrants Moderate Concern Concern
Anthropogenic  Infrequent, low, or inaudible Moderately frequent and Frequent and highly audible
Sources of levels of anthropogenic noise.  audible anthropogenic noise. anthropogenic noise.
Noise Annoyance level of visitors low. Annoyance level of visitors Annoyance level of visitors
Recognizes historical sounds  moderate. high.
from quarrying/traditional
ceremonies.
Road Traffic No increase (<5%) in daily 5-10% increase in total traffic >10% increase in total
Volume traffic volumes of volume from 2010 baseline; traffic volume from 2010
approximately 2,750 vehicles higher proportion of heavy baseline; higher proportion
and 345 heavy commercial commercial trucks. of heavy commercial trucks.

vehicles (US-75); no increase
in the proportion of heavy
commercial trucks. Based on

2010 data.
Percent Time Percent time above 52 dBA Percent time above 52 dBA Percent time above 52 dBA
Above Specified (level of speech interference (level of speech interference for (level of speech
Levels for interpretive programs) interpretive programs) is >10% interference for interpretive
010.% to <25%. programs) 02 5.%
Exceedence Lso O35 dBA (sound level 5 dBA < Lsp < 45 dBA (sound Lso O45 dBA (sound level
Levels exceeded 50% of the time is level exceeded 50% of the time  exceeded 50% of the time
less than or equal to 35 dBA) is between 35 and 45 dBA) is greater than or equal to
45 dBA)
Attended Natural sounds heard Natural sounds heard some of  Natural sounds heard
Listening continuously; anthropogenic the time; anthropogenic sounds rarely; anthropogenic
(except appropriate cultural) heard frequently but not sounds heard continuously.
sounds heard rarely. continuously.
Anthropogenic  Median impact O3 dBA 3 dBA < Median impact <5 dBA Median impact O5 dBA
Sound Level Maximum impactO 7 . 5 d 7.5 dBA <Maximum impact<  Maximum impactO 1 0

Impacts 10 dBA
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4.4.4. Condition and Trend

Anthropogenic Sources of Noise

The following commorsources of anthropogenic noise were identified by staff members at PIPE
(pers. commS. HendriksJuly 8, 2013): vehicle traffic on adjacent roads outside the park and on the
park road; trains from the nearby railroad; park administrative noise (includlitg vehicles, lawn
mowers, and weettimmerg; soundproduced by the pipestone quarrying process (including
seasonalvater pumps in the quarries); heavy equipment in a nearby gravel pit; and noise from the
city of PipestoneDevelopment and populatiathanges in the area surrounding the park was
examined in théand Cover and Land Usction of this chaptewithin a 30 km radius of the park,

the most notable trend is an increase in exurban areas and a corresponding decrease in rural acreage.
There isan increase in the acreage of suburban areas but the major change in housing density is
associated with existing urban centers such as Flandreau and Pipestone. However, there is also a
pattern of increasing exurban housing density in unincorporated enedadjng areas close to towns

and major roads\otable increases in population and increases in housing density occurred between
1970 and 2010, but significant increases are not forecast through 2@3fanfition of this

indicator warrants moderate amrnwith an unchanging trend and medium confidence level

Traffic Volume: US75 and Other Local Roads

According to the Minnesota Department of Transportation78%ear the junction of4Street and

State Road 23 in the town of Pipestone had an annual average daily traffic volume of 2,750 vehicles
in 2010, including 345 heavy commercial vehicles (Minnesota Department of Transportation 2011).
The Minnesota DOT also records trends in vehailes of travel on state road segments, which can

be influenced by changes in population, employment, and gas pni¢@pestone County, vehicle

miles of travel increased 220% on all road types between 1992 and 2011 (Minnesota Department

of Transportéon 2012).Employment growth in the county was-50% during that same period.

Table 414 summarizes how heavy commercial traffic was distributed across different types of roads
in Minnesota in both 1992 and 2011 (Minnesota Department of Transportalid) Plere is a

trend towards higher use of the interstate highway, relative to U.S. and Minnesota state highways, for
heavy commercial traffic in 2011 compared to 198ds indicator is in good condition with a
deteriorating trend and a medium confideleses!.

Table 4-14. Percentage of total annual heavy commercial traffic by road type (Minnesota Department of
Transportation 2012)

Percentage of heavy commercial traffic

Road Type 1992 2011
Interstate 39.4 43.6
U.S. Highways 30.6 28.6

Minnesota State Highways 30.0 27.8
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Percent Time Abov8pecified levels

The NSNSD collected acoustical monitoring data for 37 days at on&saitdance Grounds) in the
spring of 2013 (NP2013).Percent time above specific sound pressure (decibel) levels was
determinedor 2 frequency ranges: 201250 Hz (low frequency range) and 12.80,000 Hz (full
frequency range)lhe low frequency range includes common transportation noise but excludes
higher frequency sounds, such as those produced by birds and iBsecid.pessure levels

measured in themonument were compared to levels that are known to produce functional effects in
humans, including blood pressure and heart rate increases in sleeping lau@aBA (Haralabidis
etal2008), the Wor | dsrddemméenddd m&ximgnanoisedeael insidenbédrooms

at 45 dBA (Berglud et al.1999), speech interference for irgestive programs at 52 dBA (EPA

1974), and speech interruption for mal conversation at 60 dBA (EP¥74).For the low

frequency range duringaytime hours (0700 to 1900), measured sound pressure levels were above 35
dBA 35.9% of the time, above 45 dBA 2.0% of the time, above 52 dBA 0.6% of the time, and above
60 dBA 0.1% of the timeror the full frequency range during daytime hours, meassoedd

pressure levels were above 35 dBA 73.5% of the time, above 45 dBA 7.8% of the time, above 52
dBA 2.1% of the time, and above 60 dBA 0.3% of the tirue.the low frequency range during
nighttime hours (1900 to 0700), measured sound pressure levelslee 35 dBA 26.6% of the

time, above 45 dBA 1.8% of the time, above 52 dBA 0.6% of the time, and above 60 dBA 0.1% of
the time.For the full frequency range during nighttime hours, measured sound pressure levels were
above 35 dBA 48.4% of the time, al®o45 dBA 3.8% of the time, above 52 dBA 1.2% of the time,
and above 60 dBA 0.2% of the tinTehese results indicate a good condition, with an unknown trend
and a high confidence level.

Exceedence Levels

The NSNSD also calculated the sound pressure lévatisvere exceeded a certain percentage of the
time during the monitoring period (i.e.sdis the dBA value that is exceeded 50% of the stated time
period), (NPS 2013¥-or the low frequency range during daytime housswas 30.1 dBA, k,was
33.4 dBA,and Lipwas 38.2 dBAFor the full frequency range during daytime houggvas 33.2

dBA, Lspwas 36.7 dBA, and i, was 43.4 dBAFor the low frequency range during nighttime hours,
Lgowas 30.0 dBA, kywas 32.5 dBA, and s was 37.5 dBAFor the fullfrequency range during
nighttime hours, gwas 32.7 dBA, kywas 35.4 dBA, and s was 40.3 dBATable 415

summarizes the percent time above and exceedence level metrics. Jyleaceedence levels are
above the 35 dBA threshold for the full frequenayga during both day and nighth&condition of
this indicator warrants moderate conceiith a high confidence levelNo trenddata areavailable.
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Table 4-15. Percent time above various sound pressure levels and exceedence levels for various
percentages of time.

Percent Time Above (%) Exceedence Levels (dBA)
Frequency
Time of Day Range (Hz) 35dBA 45dBA 52dBA 60 dBA Loo Lso L1o
Day (0700-1900) 20-1250 35.9 2.0 0.6 0.1 30.1 334 38.2
12.5-20,000 73.5 7.8 2.1 0.3 33.2 36.7 43.4
Night (1900-0700) 20-1250 26.6 18 0.6 0.1 30.0 325 37.5
12.5-20,000 48.4 3.8 1.2 0.2 32.7 354 40.3

Onethird Octave Bands
The full frequency spectrum derived from acoustic monitoring can be divided into 33 smaller
frequency bands (each representing a singletlindoctave range)The NSNSD created plots of the

daytime and nighttime sound pressure levels for each frequency band in order to demonstrate the

distribution of lower and higheifrequency sounds occurring in PIPE throughout the day (NPS
2013).The octave bad plots are displayed figure 412. Although these plots can be informative

when combined with other metrics, they are not useful indicators of soundscape quality on their own

Furthermore, it is challenging to select a reference condition for thisaiodi Sound levels by

frequency are included here for reference and may be used in future assessments; a condition rating

is not assigned.
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Figure 4-12. Daytime and nighttime sound pressure levels for 33 one-third octave frequency bands.
Graphic provided by NSNSD (July 2013).
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Attended Listening

The NSNSD conducted four hours of attended listening over the course of a single day at PIPE in
May, 2013 (M. Nelson, personal communication, July 15, 20483nded listening consists of a
trained observer recary all sound$ natural and anthropogeriidhat are audible from a specific

site during a fixed time intervah this case, four-hour listening sessions were performed at the
Sundance Grounds site where the acoustical monitoring stations were He¢ g sessions are
summarized below to provide an estimate of how often differamtdssources are audible in the
monument.

Although the individual listening sessions only represent a small snapshot in time and place, the
results are potentialijpformative in determining the balance between natural, cultural, and other
anthropogenic sounds that may typically be audible to PIPE viditorg&xample, in all 4 sessions,
vehicles were audible for at least 98% of the listening hsircraft were audle 5% to 20% of the
time, and people could be heard from 3% to 13% of the fiitme sound of a train was audible during
20% of one session unknown nomatural sound (a distant low hum) was heard by the listener at
least 98% of the time in 3 of theséssionsSounds asociated with quarrying in theanument were
heard 11% of the time in the first session but 1% of the time or less in the 3 other s&sstoms

of natural sounds, birds, amphibians, and wind could be heard nearly constantly lisesgians.
Deer and insects were also audible at tirkedl.results are includeth Table 416. Thecondition of

this indicator warrants significant concemth a medium confidence levéNlo trenddata are

available.

Table 4-16. Time audible percentages for various sound sources in PIPE from attended listening
sessions (NPS 2013).

Time Audible (%)

Sessionl Session 2 Session 3 Session 4
(2013-05-07 (2013-05-07 (2013-05-07 (2013-05-07 17:30-
Sound Source 13:15-14:15) 14:30-15:30) 16:15-17:15) 18:30)
Bird 99.9 99.9 99.6 99.9
Vehicle 99.0 98.4 99.3 100.0
Wind 95.2 94.8 98.2 99.7
Amphibian 93.3 97.4 99.9 99.5
Aircraft 204 12.2 6.4 4.7
Insect 154 5.8 3.5 0.2
Quarrying 10.6 0.2 0.4 1.1
Dog 3.6 3.8 0.9 0.9
People 29 11.9 12.5 13.1
Non-natural unknown 2.6 98.3 98.6 99.7
Deer 0.8 - 8.9

Train --- --- 19.5
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Anthropogenic Impacts on Ambient Sound Level

The NSNSD has used acoustic modeling to estimatarttieopogeniempactto the ambient sound
level in PIPE which is the existingound level minus the estimated natural sound level (Mennitt et
al. 2013).Mean impact thus provides a measure of how much anthropogenic noise is increasing the
existing sound level above the natumalisd level, on average, in theonumentln PIPE,the nean
impact was 10.8 dBAAdditional metrics describing a range of impacts across the landscape of the
monument were also obtainddinimum impact (mimmum sound level impact in theanument)
was8.8 dBA, 1% quartile impact (25% of points in theanument ave this level or impact or less)

was 9.9dBA, median impact (50% of theanument has this impact or less) was 11.0 dBA, 3
guartile impact (75% of the omument has this impact or less) vtds7 dBA, andnaximum impat
(maximum impact value insideanumen boundaries) wa$2.1 dBA.Modeled mean impacts in the
area immediately surrounding PIPE as well as the larger region are shbigare 413. Estimated
sound level impets in the southern end of thenument are slightly higher compared to modeled
impects in the northern end of theamument.

Area of interest

o
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[ 15.1- 163
[ 164-176
[J177-188
[1189-202
[J203-217
[J218-235
[J236-258
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Figure 4-13. Modeled mean sound level impacts in the area immediately surrounding PIPE and in the
larger region (inset). Graphic provided by NSNSD (May 2013).

For reference in translating sound level impacts into functional effects (for human visitors and
resident wildlife), an increase in background sound level of 3 dB produces an approximate decrease
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in listening area of 50%n other words, by raising the swdilevel inPIPEDby just 3 dB, the ability

of listeners to hear the sounds around them is effectively cut irFuaihermore, an increase of 7 dB
leads to an approximate decrease in listening area of 80%, and an increase of 10 dB decreases
listening areapproximately 90%T he condition of this indicator warrants significant concesith a
medium confidence levelNo trenddata areavailable.

Overall Condition

The data presented above suggest the condition of the soundscapéd’IPEwarrants moderate

concern andthere is aleterioratingrend in the condition of the soundsca@enfidence in the
assessment is high due to the number of indicators and the inclusion of several quantitative
indicators.The sound pressure level associated with physiolbgi@nges in humans (35 dBA) was
exceeded 74% of the time in theomument during the day and 48% of the time during the night

(36% and 27% for the low frequency range, respectivBiyyind pressure levels exceeded 45 dBA

only 2% to 8% of the time, dependion the time of day and frequency range meas@euand

pressure levels also exceeded 52 dBA (the level at which speech interference occurs for interpretive
programs) only 2% of the time mo¥the mean exceedence levels in the pagkftr the full

frequency range) were 36.7 dBA during the day and 35.4 dBA at night, which are moderate values.
Additionally, the attended listening sessions found that vehicle noise was audidalst ®8% of the

time in the nenumentAn unknown nomaturad sound (a distant low hum) was audible at least 98%

of the time in 3 of the 4 listening sessiohke nationwide modeling of anthropogenic sound level
impacs indicatesthat modern noise intrusions are substantially increasing the existing ambient sound
level above the natal ambient sound level of theamument (mean impact = 10.8 dBA)s long as

noise from the encroaching city of Pipestone and its associated development, vehicles within and
beyond PIPEOGsSs boundar i dasremampearvagiz inkhe amamesnt,gdhe me n t
condition of the soundscape will likely continue to deteriof@egional projections for aircraft and

traffic volumes indicate deteriorating conditions as noise originating outside of the park increases
over time.Table 417 summarizeshe status and trend for each of the soundscape and natural sounds
indicators

a
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Table 4-17. Condition and trend summary for the soundscape at Pipestone National Monument.

Condition
Indicator Status/Trend  Rationale

Soundscape and
Natural Sounds
(overall)

Resource condition warrants moderate concern with a deteriorating trend.
Confidence in the assessment is high.

Noise from anthropogenic sources is pervasive, especially encroachment
from the city of Pipestone and its associated development. Transportation
noise is frequently audible and ground and air transportation volumes are
projected to increase.

Anthropogenic
Sources of Noise

Vehicle miles of travel increased 20-29% on all road types in Pipestone

-75 Traffi .
\Ljs;lurie ame County between 1992 and 2011. If those trends continue, then the
monument 8s soundscape will be nega
noise.

Percent Time

Above Specified Sound pressure levels exceed 52 dBA O 1 0 ébthe time. Sound pressure

Levels levels exceed 45 dBA O 1 0 @hthe time, as well.
Exceedence
Levels Measured Lsg is between 35 and 45 dBA.

Attended Listening Although natural sounds like birds, wind, and amphibians were heard

nearly continuously, vehicles were also audible at least 98% of the time.

Ambient Sound
Level

Anthropogenic noise is significantly increasing the existing ambient sound
level above the natural ambient sound level of the monument (median
impact > 5.0 dBA and maximum impact > 10.0 dBA).

@000 O OO

4.4.5. Uncertainty and Data Gaps

The NPS NSNSD has conducted acoustical monitoring studies at a single site in PIPE to measure
ambient sound levels and the audibility of different intrinsic extdnsic sound sources in the
monumentA full acoustical monitoringeport is forthcomingtHowever, evaluative research has not
been collected to determine the social impacts of existing soundscape conditions on visitor
experiences in PIPE.

4.4.6. Sources of Expertise
Emma LynchAcoustical Resource SpecialidiPS Night Skiesrad Natural Sounds Division

Misty Nelson,AcousticalTechnicianNPS Night Skies and Natural Sounds Division
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4.5. Scenery and Views

4.5.1. Background and Importance

Visual resources or scenery has important value in termistoficaland cultural context, aesthetics,

and tourism and health. Scenery encompasses the visible physical features on a landscape including
the land, water, vegetation, structures, animals and other features, and is linked to airejatdy

values and darkight skies. The National Park Service Organic Act of 1916 specifies that the NPS

s h acbriserv@ the scenery and the naturallastbricalobjects and the wild life therein and to

provide for the enjoyment of the same in such manner and by such medhdease them

unimpaired for the enjoyment of future generations.Pr ot ecti on and conservat.
is also required under other legislation and policies such as the National Environmental Policy Act,
Federal Land Policy and Management Adational Historic Preservation Act, the Clean Air Act and
NPS guidance. CurreDtPSManagement Policie@NPS 2006) do not provide guidance regarding
servicewide policies or practices for scenery conservation.

Figure 4-14. View to the west from near the Oracle feature (CSU photo).

Scenery is consistently rated as a top priority by park visitors, and is increasingly addressed in
General Management Plans, Resource Management Plans and Cultural Landscape Plans/Reports.
Park units generally address visuedource management on a chgease basis (Mark Meyer,

personal comment August 2013), and effort is increasingly applied to conservation of visual
resources as forces and development external to parks increasingly impact visual landscapes
supporting nattal andhistoricalviews.

Within the NPS Midwest Region, scenic views were ranked as'tbe 2 most important criteria

for visit quality 33% of the time, and ratedtremelyor very importanty 89% of respondents

(Kuleszaet al. 2013). Although,cenery at the manument is not specifically addressed in the park
management ahplanning documents, the importance of scenery here can be linked to important and
unique natural and cultural features and ethnographic landsddyeellational Park Service deés

et hnographic resources as fAélandscapes, objects
important to a people's sense of purpose or way of life.

The prairie ecosystem that once covered the tallgrass prairie region is one of horiaratgkch

Fields of grass extend outward towards the horizon, with only a few trees or other vertical features
extending above prairie grasslands and the horizon. Even as settlers converted the prairie to
agricultural fields, the horizontal nature of thadacape remained intact. Horizontal manmade
elements constitute the greatest inconsistencies in the landscape views from the park.
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Views from the park have changed ¥hegRipeftane ant | vy

National Monument wasreated, the surrounding lands were agricultural, and there were few
obstructions to views from the national monument all the way to the ho@omstruction of wind

power turbines, power transmission lines and communications towers within the pasts2@ryega

other development have impacted the scenery experienced by park visitors (personal comment Glen
Livermont December 2012). Views from key points within the park are variable, consisting of urban
and industrial elements, energy and power structaagsmunication lines and structures, exurban

and urban development, agriculture, and natural settings such as the U.S. Fish and Wildlife parcel to
the north managed by Minnesota Department of Natural ResoAsése city of Pipestone has
growncloser to he national monumemind developments have appeared within view, the sense of
open, endless prairie that was the setting for the quarries is being compr@oisedagricultural

elements and most other developmentireensistent with the scenic valuestioésecultural

landscapes. The cultural and ethnographic landscape of the national monument and the aesthetic
values of the prairie are becoming more difficult for visitors to picture and for interpreters to explain
(NPS 2008)Impacts to park views arenticipated to increase over time.

There are NPS initiatives that collectively support park scenery and viewshed conservation, including
support for NPS renewable energy and visual resources staff and development of a Scenery
Conservation Program within titNPS Air Resources Division. Other federal agencies such as the
Bureau of Land Management, Forest Service and Fish and Wildlife Service also have established or
are developing programs to promote scenery conservétiportant components of these initisgs

include scenery inventory, evaluation and conservation, with consideration to renewable energy
visual impacts and viewshed impacts extending beyond park boundaries

Threats and Stressors
The vast majority of threats and stressors to the park viewscapelated to development and
incompatible land uses outside the park boundary.

T Air pollution/ haze affects visitorsdéd ability

1 Suburban/exurban development.

1 Industrial developmerit large/tall structureare more important than acreage occupied.
Industrial development is also related to other incompatible elements such as transmission lines,
visible smoke/steam/dust, roads, increased traffic and noise.

1 Othermade structures, including farms that have lasgeictures (e.g., outbuildings, silos) and
more mechanized equipment relative to the homesteading era.

1 Roads and traffic.
1 Energy development and infrastructure (e.g., wind turbines and power transmission structures).

I Communications structures.

Indicatois and Measures

1 Scenicquality of landscape views

1 Housing densities in the surrounding 30km area

t
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1 Potential visibility of new wind turbines

1 Air quality - visibility

4.5.2. Data and Methods

Scenery has not been previously evaluated at PIPE. Measures sughataggessment include

both quantitative and qualitative assessments. The assessment framework integratdsagexind
measures of scenic quality from key viewpoints with two Gi8sed measures: housing density and
potential visibility of wind structuredn this assessment we use the terms scenery, views, and scenic
resources interchangeably. The viewshed is the total landscape that can be seen from a particular
location, which could be a point, such as a scenic overlook; a line, such a travel ranteyes,

such as a lake. Several factors limit the spatial extent of the viewshed from a given viewpoint either
in the real world or when using geospatial modeling. These factors include topography, vegetation,
manmade structures, target height, viewegligithe curvature of the earth, and atmospheric

refractionThe actual visibility of an object would de
objectbés size, shape, color, reflectivity, and
objed; the presence of haze and other factors (USDI 2013).

ScenicQuality

Key Viewpints and Views

A viewpointis the designateldcation from which a viewed landscape is evaluaiée. viewed

landscape or view is the scene the observer is looking at fromethipoint. Some viewpoints may

have several different and distinct views. In some cases a single view may encompass all directions
from a viewpoint.

Important viewpoints and associated views were discussed and identified as part of the NRCA
scoping procss and data gathering. Nine primary viewpoints and associated views considered
important and/or having high levels of visitation were evaludtggli(e 415). An additional five

viewpoints of secondary interest to the park were visited and photograplese It included in

the assessment. Secondary viewpoints are either in areas not frequented by the public or in areas that
may relevant to changes in park facilities or infrastructure.

Panoramic photos for the primary points were taken by CSU staff insA2§13 with a Canon G10
camera using a 50mm focal length and an image resolution of 14.6 megapixels. Eaelsdligion
panorama consisted of five to six overlapping photos in a single row that were combined using
Gigapan Stitch software. Resulting pb® had a field of view approximately-8@0 degrees wide

and 2025 degrees tall. Panoramas with a size of approximately 16,000 x 35,000 pixels and were
exported as .tiff graphics ranging from-600 megabytes in size. Original and stitched panoramic
photayraphs and associated location data will be delivered to the park with the NRCA.
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Figure 4-15. Location of primary viewpoints (green circles) and other viewpoints (red triangles) at
Pipestone National Monument. Park boundary is the orange and black dashed line.

Each view was evaluated by CSU staff in August 2013 using methodology developed by the NPS
Scenery Conservation Program (SCP), Air Resources Division and presented at a workshop at
Homestead National Monument in August 2013. UsiigSCP methodology, a landscape character
type was assigned to each view. Possible types include natural/natural appearing, pastoral,
agricultural, rural, suburban, urban and industrial. Primary landscape types préd@itat
natural/naturabppearig, ruraland agricultural landscapes. Landscape character types are described
in NPS Scenery Conservation Program (2014a). For each view, landscape character elements and
landscape design elements were characterized and evaluated within the foregrodieenoichd

and backgroundsing a streamlined version of the SCP methods.



































































































































































































































































































































































































































































































































































































































































































