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Executive Summary

Jewel Cave National Monument (JECA) was established by Theodore Roosevelt in 1908. The
515ha(1,274ac) JECAwas established to protect the Jewel Cave ecosystem and its unique
geologic features for scientific study and public enjoyment. More than 100,000 people visit
JECA each year to participate in cave tours and to hike tralB@QA

As a unit in the Natioa Park System]ECAIs responsible for the management and conservation
of its natural resources. This mandate is supported by the National Park Service Organic Act of
1916, which directs the Park Service tdnserve the scenery and natural and histdmjeots

and the wildlife therein and to provide for the enjoyment of the same in such a manner and by
such means as will leave them unimpaired for the enjoyment of future genegations

In 2003, the National Park Service (NPS) Water Resources Divisioneddeiding through

the Natural Resource Challenge program to systematically assess watershed resource conditions
in NPS unitsthusestablishing the Watershed Condition Assessment Program. This program,

now titled the Natural Resource Condition AssessrtidRICA) Program, aims to provide
documentation about the current conditions of important park resources through a spatially
explicit, multidisciplinary synthesis of existing scientific data and knowleBgealings from the

NRCA, including the report and ammpanying map productgill help JECAmanagers to:

1 Develop neaterm management priorities

1 Engage in watershed or landscape scale partnership and education efforts
1 Conduct park planning (e.g., Resource Stewardship Strategy)
1

Report program performange.g., Department of Interi@ St r at egi ¢ Pl an #l
goals, Government Performance and Results Act)

Specific project expectations and outcomes for the JECA NRCA are lisBithpter3.

For the purpose of this NRCA, NPS staliéntified key resources referred to as components
the project frameworknd throughout the assessment. The components sategdtete natural
resources and processes that are currently of the gireateern to park managemengBCA.
The final prgect framework containsineresource componenalong withmeasuresstressors,
and reference conditisrior each

This study involved reviewing existing literature and data for each afoitmponentsn the
framework, and, where appropriate, analyzimg data to provide summariestoicreate new
spatialor statisticarepresentations. After gathering data regarding current condition of
component measures, those data were comparederence conditia@when possibleand a
gualitative statement of adition was developed he discussions i@hapterd represent a
comprehensie summary of availableformation regarding the current condition of these
resourcesThese discussiongpresent not only the most current published literature, but also
unpubligred park information and, most importantly, the perspectivessolurce experts (NPS
and noANPS)

XiX



The condition of all resourcesalyzed irthis assessment was of low or moderate concern.
Multiple data needsemainfor every component assessbdwever many are being resolved
will be through NPS inventory and monitoring efforssich as small mammal or bat inventaries
All componentdiave many threats and stressors toald deteriorate the condition of
components in the future. Overall, the coiuitof the assessed resources indicates that the
natural resources in JECA are in good condition and stable.

XX



Chapter 1 NRCA Background Information

Natural Resource Condition Assessments (NRCAS) evaluate current confditiarsibset of
natural resources afo resourcendicators in national park units, hereaffiep a.o Horshese
condition analysesNRCAsalso report on trends (as possible), critical data gaps, and general
level of confidence for study finding3heresources anthdicatorsemphasized in the project
depend on a pafk resource setting, statusreourcestewardship planningnd science in
identifying high-priority indicators for that park, aralailability of data and expertise to assess
current caditions for thatemsidentified on a list of potential stydesources and indicators.

NRCAs represent a relatively new approach to f \
assessing and reporting parkresource NRCAs Strive t
conditions. T_h_ey are meant to complement, not Credible condition reporting for
replace, traditional issue andéhtbased resource a subset of important park
assessmentés distinguishing characteristics, all natural resources and
NRCAs: indicators

Useful condition summaries by
broader resource categories or

employ hierarchical indicator framewofks topics, and by park areas j

1 identify or develofdogical reference conditionandvalues to comparagainstcurrent
condition dat*

are multidisciplinary in scope

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

follow national NRCA guidelines and standards for study design and reporting products

Although current condition reporting relative to logit@ms ofreferenceconditions andalues
is theprimary objective, NRCAs also report on trends for sitaglyindicators wher¢he

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

3 NRCAs must consider ecologically based reference conditions as well as applicable legal and

regulatory standards, and can consider other management-specified condition objectives or targets; each
study indicator can be evaluated against one or more types of logical reference conditions.

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

values; they represent desirable resource conditions or, alternatively, condition states that we wish to

avoid or that require a follow-on response (e.g., ecological thresholds or managementfit r i gger s 0)
® As possible and appropriate, NRCAs describe condition gradients or differences across the park for
important natural resources and study indicators through a set of GIS coverages and map products.

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

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

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



underlyingdata and methods supportResource condition influences are also addreasdd

can include past activities or cotidns that provide a helpful context for understanding current
park resource conditionsIRCAsalso includes presewiay condition influences (threats and
stressors) that are best interpreted at park, watershed, or landscapealtvalegitheydo not

judge or report on condition status per se for land areas and natural resources beyon&the park
boundaries. Intensive cause and effect analyses of threats and stressors or development of
detailed treatment options is outside the project scope.

Credibility for study findingderives from datamethodsand reference values used in the

project work are they appropriate for the stated purpose and adequately documented? For each
study indicatorwhere current condition or trend is reportielgntifying critical data gapsind
descriling level of confidencés important,jn at least qualitative terms. Involvement of park

staff and National Park Service (NPS) subject matter exgect#tical points during the project
timelineis also importanto (1) assst selection of study indicator&) recommend study
datesets,methods and reference conditions and values to use(&nldelp provide a

multidisciplinary review of draft study findings and products.

NRCAs provide a useful complement to more rigorous NPS science support programs such as
the NPSInventory and Monitoring’rogram. For example, NRCAs can provide current condition
estimates and help establish referecmeditions or baseline valués some of a paids Vital
Signsmonitoring indicatorsThey can also bring irelevantnonNPS datdo help evaluate
currentconditions for those
sameVital Signs. In some

cases, NPS inventory | mportant NRCA Succescs
datasets are also

incorporated into NRCA Obtaining valuable input from park and other NPS
analyses antkeporting subjective matter experts at critical points in the project
products. timeline

In-depth analysis oflimate Using study frameworks that accommodate

meaningful condition reporting at multiple levels
(measures / indicators / broader resource topics
and park areas)

changeeffectson park
natural resources outside
the project scopéiowever,

existingcondition analyses Building credibility by clearly documenting the data
anddatases developedy and methods used, critical data gaps, and level of
an NRCA will be useful for confidence for indicator-level condition findings

subsequenparklevel
climate change studiesd
planning efforts.

NRCAs do not establish management targetsdeourcendicators. Decisions about

management targets must be made through sanctioned park planning and management processes
NRCAs do provide sciendeased information that will help park managers with an ongoing,

longer term effort to describe and quantify thearkés desired resource conditions and



management target® the near term, NRCA findings assist strategic park resource pldnning
andhelp parkmanagementeport to government accountability meastires

Due to their modest funding, relatively quick &frame for completiorand reliance on existing

data and information, NRCAs are not intended to be exhaustive. Study methods typically involve
an informal synthesis of scientific data and information from multiple and diverse sources. Level
of rigor and stistical repeatability will vary by resource or indicator, reflecting differences in

our present data and knowledge bases across these varied study components.

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

greatest value may be the development of useful documentation regarding known or suspected
resource conditions within parks. Reporting products can help park managers as they think about
nearterm workload priorities, frame data and study needs for irapopark resources, and
communicate messages about current park resource conditions to various audiences. A
successful NRCA delivers scienbased information that is creditdadhas practical uses for a
variety of park decision making, planning, and parship activities.

Over the next several years, the NR&hp to fund a NRCA project for each of the ~270 parks

served by the NPS Inventory and Monitoring Program. Additional NRCA Program information
is posted athttp://www.nature.nps.gov/water/NRCondition_Assessment_Program/Index.cfm

/ NRCA Reporti \

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

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

|l mprove understanding and quantific
Afundamental 6 and Aot her i nmuesrtanto natur al
(longer-term strategic planning)

Communicate succinct messages regarding current resource conditions to
government program managers, to Congress, and to the general public
(Aresource condition status

o

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

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

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

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

2.1 Introduction

Enabling Legislation
On 7 February 1908, Theodore Roosevelt signed a proclamation that estalti€i#ed

Whetreas the natural formation, known as the Jewel Cave, which is situated upon
the public land, within the Black Hills National Forest, in the State of South
Dakota, is ofscientific interest, and it appears that the public interests would be
promoted by reserving this formation as a National Monument, with as much land
as may be necessary for the proper protection thereof;

Now, therefore, ITHEODOREROOSEVELT, President bthe United States of

America, by virtue of the power in me vested by section two of the Act of

Congress, approved June eighth, nineteen ht
the Preservation of Americédn t i qui ti es, 0 do proclaim that
reserved from settlement, entry, and all forms of appropriation under the public

land laws, subject to all prior valid adverse claims, and set apart as a National

Monument, all the tracts of land in the State of South Dakota, shown as the Jewel

Cave NationaMonument on the diagram forming a part hereof.

The reservation made by this proclamation is not intended to prevent the use of
the lands for purposes consistent with the withdrawal made by this proclamation,
or for forest purposes under the proclamatistalgishing the Black Hills

National Forest, but the two reservations shall both be effective on the land
withdrawn, but the National Monument herby established shall be the dominant
reservation.

Warning is hereby given to all unauthorized persons nqgtgicogriate, injure, or
destroy any feature of this National Monument or to locate or settle upon any of
the lands reserved by this proclamatidf JSC 4314331906).

Geographic Setting

Jewel Cave National MonumemECA) is a 515ha (1,274ac) park in Cugr County, located in
the southwest corner of South Dakatathe southern Black Hills (NPS 2007). Custer County has
a population density of 1.81 individuttsn?, less than half the average for all of South Dakota
(9.9individualgkm?) (USCB 2010)The Black Hills, a mountain range in western South Dakota
and northeastern Wyoming roughly 200 km lamgi100 km wide (Marridtet al. 1999)is

namel for the dark ponderosa pin@Rinus ponderosahat cover most of the Hills (Marriogt

al. 1999). The geolggof the area consists of igneous and sedimentary amckthe soils are

loamy (SalasandPucherelli 1998).

The climate at JECA is serarid and frequently windy, with extreme temperature variation
between seasons (NPS12)(Tablel).



Table 1. Monthly temperture and precipitation normalisr Custer Climate Statiqri 971 2000,
(NOAA 2002)

>
=]
o n = o > W pd o 2
s ¢ § % & 5§ ¢ & £ 8§ § g &
Average Temperature (°F)
Max 356 401 457 538 634 734 801 795 708 589 439 374 56.9
Min 124 162 209 280 374 460 521 504 414 313 213 143 31.0

Average Precipitation (inches)
Total 039 063 107 206 331 317 302 238 150 147 0.67 052 20.19

Visitation Statistics
Since 2000114,490peopleon average hawasited JECAper year (NPS 20H), with the

summer monthbeingthe busiest. Most JECA visitors comep@rticipate inone of thefour cave
tours offered however, some people utilize the 1418 &f hiking trails at the park teiew birds
or wildflowers. Park staff also offer interpretive talks and various educational programs.

2.2 Natural Resources

Ecological Units and Watersheds
The Black Hills are part ofthd . S .
Level Il Ecoregion

Environment aEPABMadlecRodkieso n

The climate of the Middle Rockies lacks the strong maritime influence of the
Northern Rockies. Mountains have Douglaissubalpine fir, and Engelmann

spruce forests, as well as some large alpine areas. Pacific tree species are never
dominant and forests can have open canopies. Foothills are partly wooded or
shrub and grassovered. Intermontane valleys are grasslbr shrubcovered

and contain a mosaic of terrestrial and aquatic fauna that is distinct from the
nearby mountains. Many mountdid, perennial streams occur and differentiate
the intermontane valleys from the Northwestern Great Plains. Granitics and
asso@ted management problems are less extensive than in the Idaho Batholith.
Recreation, logging, mining, and summer livestock grazing are common land

uses (USGS 2010)

The EPA divides Level llecoregions into smaller Level IV ecoregions. The Black Hills consists
of three Level IV ecoregions: the Black Hills Foothitlse Black Hills Plateau, anthe Black

Hills Core HighlandsRlatel). JECA is located in the Black Hills Foothills Level IV ecoregion;
theU. S. Ge ol o gWUSGSH Noghern Rrairie BVadlif Research Center offers the

following description:

The Black Hills Plateau ecoregigna relatvely flat, elevated expanse covering

the midelevation slopes and grasslands of the Black Hills. It includes areas of
sharply tilted metamorphic rock and lower elevation granite outcrops. Competing
uses, such as logging, farming and ranching, and towvei@pment, stress this

ecosystem(USGS 2010)



JECA is located within thé,402km? (1,700mi?) Beaver Watershed, most of which is located in
neighboring WyomingUSGS 2011)Surface water resourcestite JECA area include several
intermittent streamdaHell, Lithograph, Tepee, and othersprings Chokecherry, Lithograph,
Prairie Dog and othes), as well as livestock ponds (NPS 2000b).

Resource Descriptions

Jewel Cave is the major natura
resource iINECA The cave has
more tharl54 miles of known
passageways and is known for |
varietyof physical features i
including stalactites, &
stalagmites, draperies,
frostwork, flowstone, boxwork
and hydromagnesite ballo®n
(NPS 2007NPS 201} Calcite
crystals, which cover a large
portion of the cave wallgre
the fnjewel so o]
(NPS 2007 (Photol). More :
than 486 of the known Jewel

Cave passages extend beyond photo 1. Calcite crystals in Jewel Cave.
JECAboundariesNPS 2007.

y ) The dominant vegetian at

Wil ) / JECA is ponderosa pine
Bl A interspersed with mixedrass

prairie NPS 200%. Other
woody plant species includesh
leaf maple (also known as
boxeldej (Acer negundp
aspen Populusspp.),
chokecherryRrunus
virginiana), mountain ninebark
(Physocarpus monogynuand
western snowberry
(Symphoricarpos occidenta)is
Commonherbaceous plants
include little bluestem
(Schizachyrium scoparidm
side-oats gram#Bouteloua
curtipendulg, blue grama
(Bouteloua graciliy, and threadeaf sedgéCarexfilifolia). The 20@ Jasper Firsignificantly
altered the vegetation in the pabkirnng 33,792 la (83,503a0) in the Black Hills including
90% of JECAs land area (NPS 2010IBhoto2 showsa recently burned ponderosa pine stand

Photo 2. Burned ponderosa pine forest, JECA.



No federally listedendangered or threatened speeaiepresent in JECAhowever, JECA is

home to nine species of bats, six of which are corsibdgpecies of concern by the South Dakota
Natural Heritage Progranfringed myotis(Myotis thysanodgsnorthern myotigMyotis
septentrionaliy western smatfooted myotigMyotis ciliolabrum), longeared myotigMyotis
evotig, silverhaired ba(Lasionycteris noctivagarsand Townseni bigeared bat

(Corynorhinus townsendi(NPS 2007)JECA contains several raand sensitivglant species
including Hopi teg Thelesperma megapotamicyrdlookes Townsenebaisy(Townsendia
hooker), andsmallflowercolumbine(Aquilegiabrevistylg (Marriott andHartman1986) The
blackbacked woodpeckégPicoides arcticupis a species of concern that prefers recently burned
conifer forest habitatthatis widespread at JECA following the Jasper Fiace the Jasper Fire,
the number of woodpeckers in the phdsincreased in comparison sarrounding National

Forest Landlikely due to the absence of commercial salvage logging following the fire, which
has removed much of the quality habitat arodreddark (Panjabi 2005). Marrone (2004)
performed a comprehensive inventory of butterflies in JECA and observed 53 species in the
park.Thetawny crescent butterflfPhyciodes bategiis another species of concéhatoccurs

in JECA(NPS 2004).

Resource Issues Overview

Exotic species threaten the native plant communities at J&@hheir abundance has increased
sincethe Jasper Fire of 2000 (NPS 200Zuurrently,more tharb0 exotic planspeciesxist

within JECA(NPS 2005)Canada thistleGirsium arvaise andleafy spurgeEuphorbia esula

are especially prolific alECA (NPS 2007). JECA employs a crew to control exotic plants each
year using mechanicdbiological,and chemical treatments. The potential effects that exotic
species and the associated treatment methods may have on the cave environncencaraa
park managemenExotic plants consume a large amount of available surface watentially
altering the natural hydrology above the cave, and pesticide applicationslaence
groundwatequality, whichcould affect cave biota (NPS 2005). JECA has established a no
herbicide zoneovering242 ha (60 ag, or about halbf JECA to prdect cave resoaes (NPS
2005).

The Jewel Cave environment is threatened bgriety of potential threats and stressors. The

caves microclimate, determined by parameters that inctedgperature, relative humiditgnd

airflow, arealtered by changes in visitation ame tighting system used in the cave (NPS 2007).

The physical features of Jewel Cave are impacteddiation, exploration, maintenance, and
monitoringactivities (NPS 2007 Manganese deposits are present throughout Jewel Cave and
areeasilytransferredo lightercolored cave features by human footprints and handprints (NPS
2007). Manganese transfer in the cave can cause permanent aesthetic impacts to cave walls and
speleothemgcave formation created by the deposition of minerals from water)

Climate dange could have dramatic impacts on the ecosystems within JECA (Gitzen et al.
2010). Temperatures in the Northern Great Plains have risen more t1i&h(2°F) over the

past centuryand models predict an increase ofi®.7 °C (5 12 °F) during this cetury

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



2.3 Resource Stewardship

Management Directives and Planning Guidance
JECAGs strategic plan (NPS 2000a) establishes three broad goal categadte€ for

1 Goal Category I: Preserve Jewel Cave National Monument Resources

o la. Natural anccultural resources and associated values at Jewel Cave National
Monument are protected, restored and maintained in good condition and managed
within their broader ecosystem and cultural context.

o Ib. The National Park Service at Jewel Cave National Monucwritibutes to
knowledge about natural and cultural resources and associated values;
management decisions about resources and visitors are based on adequate
scholarly and scientific information.

1 Goal Category Il: Provide for the Public Use and Enjoymedt\4sitor Experience of
Jewel Cave National Monument

o lla. Visitors to Jewel Cave National Monument safely enjoy and are satisfied with
the availability, accessibility, diversity, and quality of park facilities, services, and
appropriate recreational oppanities.

o llb. Park visitors and the general public understand and appreciate the
preservation of Jewel Cave National Monument and its resources for this and
future generations.

1 Goal Categoryll: Ensure Organizational Effectiveness of Jewel Cave National
Monument

o llla. The National Park Service at Jewel Cave National Monument uses current
management practices, systems, and technologies to accomplish its mission.

o llIb. The National Park Service at Jewel Cave National Monument increases its
managerial capalities through initiatives and support from other agencies,
organizations, and individuals.

Additionally, NPS Management PoliciellPS2006)included a statement on cave management

The Service will manage caves in accordance with approved cave management
plans to perpetuate the natural systems associated with the caves, such as karst
and other drainage patterns, air flows, mineral deposition, and plant and animal
communities. Wilderness and cultural resources and values will also be protected.

Status of Supporting Science

The Northern Great Plains Inventory and Monitoring Network (NGiRNEloped list of Vital
Signsfor each park unit based on its key resources (Gitzen et al.,2040pset of which were
selectedor monitoring in JECATable2). Many of the Vital Signs are related to the cave
environment and activities that affect that environment.



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

Category

NGPN Vital Signs

Air and Climate

Geology and Soils

Water

Biological Integrity
Human use

Landscapes (ecosystem pattern
and process)

Weather and climate

Cave meteorology (monitored by JECA and Andreas
Pflitsch)

Groundwater dynamics, surface water chemistry, cave
water chemistry (monitored by JECA), aquatic
contaminants, aquatic microorganisms, aquatic
macroinvertebrates

Exotic plant early detection, forest insects and
diseases, upland plant communities, land birds
Treatments of exotic infestations, visitor use

Fire and fuel dynamics, land cover and use, extreme
disturbances, soundscape (aboveground), viewscape,
night sky
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Chapter 3 Study Scoping and Design

This Natural Resource Condition Assessm@&RCA) was a collaborative effort betwedre
National ParlService NPS andSaint Marys Universityof MinnesotaGeoSpatial Services
(SMUMN GSS) Stakeholder# this projecincludeJewel Cave National MonumeECA)
parkresource stafindNorthern Great Plains Inventory and Monitoring Netwddks@N) staff.
Before embarking on the project, specific roles of the NPSSMIAMN GSSwere identified
Preliminary scoping meetings were held, and a task agreement and a detailed scope of work
document were created in cooperation with the NPSSAMdMN GSS

3.1 Preliminary Scoping

A preliminary scoping meeting was he&l@ Octobe2009with SMUMN GSSand NPS staffo
determine the purpose of tAECANRCA, which is to evaluate and report on current conditions
of key park resources, evaluate critical data and knowledazgayad highlight selected existing
and emerging resource condition influences of concede @A managers.

NPS providedspecificguidance fothis NRCA:

Use ofexisting data and informatido conduct the assessment
Identification of data needs and gajssren by the framework categories
Analysis of natural resource conditidhatinclude a strong geospatial component

= =4 A =2

Resource focus and priorities drivenmarily by JECA park resource management

This condition as s e sirstmemmebluatpsn af resowree sonditionfstatasa p s h o
for a select set of park natural resources, identified and agreed to by the project team. Project
findings will aid JECAresource managers in the following objectives:

1 Developing neaterm management priorities
Engagng in watershed or landscape scale partnership and education efforts
Conducting park planning (e.g., General Management Plan, Resource Stewardship
Strategy)
i Replo)rting program performance (¢e@.epart ment of I nterior Str a
goals

NPS Involvement

Expectations fodECA staff involvement were detailetliring project scopingfforts. Park staff
participated in project development and planning, reviewed interim and final products, and
participated ircondition assessmenteetingsJECA stéf alsoassistedSEMUMN GSSin the
identificationof informationsources, an appropriate resource assessment structure, appropriately
scaled resources, threats and stressors, and measures for these resources.

JECApark staf helped to identify other NPS m®nnelwho could provide guidance, technical
assistance, and logistical coordination for site visits and discussiongnnitiple investigatos
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and graduatstudentsPark staff collaborated with tt&®MUMN GSSPrinciple Investigator

during data mining and status assessment to etirttbe synthesis was consistent with the
project goals. AdditionallyJECAnatural resourcstaff assisted in developing recommendations
for additional analyses to fulfill informi@n needs that would aid in the assessment of park
resource conditions. They also reveiand commerdon draft reports and all publishable
material submitted from this project in a timely fashimvolvement ofJECAstaff in this

project ensured th&MUMN GSSefforts met the needs of the park.

The NPS was sponsible for informing thEMUMN GSSPrinciplelnvestigator of the specific
activities required to comply with the ANPS |
Conduct, Peer Review, and Infoation Quality Correction for National Park Service Cultural

and Natur al Resource Disciplineso or any subs
replace this interim document.

3.2 Study Design
Component Framework, Focal Study Resources and Components

Selection of Resources and Measures

As defined bySMUMN GSSin the NRCA process,arkii f r amewor k othats devel of
organizs in a hierarchical fashion, biogeophysical resource topics considered important in park
management efforts. The primary featlin the framework are key resource components,

measures, stressors, and reference conditions.

Componentsn this process are defined @atural resource®.g, bats),ecological processes or
patterns (e.g., natural fire regime or laoover change),raspecific natural features or values

(e.g., geological formation, dark night skies, or viewshed) considered important to current park
management . Each key resour ce c bestefingeent has o
current conditiorof a componenbeing assessed in an NRQWeasures are defined twse

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

certah A s t ,0defed @ag asy agent that imposes adverse changes to a comaodéhts
areconsidered during assessment. These typically refer to anthropogenic factors that adversely
affect natural ecosystems but may also include natural processetudnatices such as floods,

fires, or predation (adapted from GLEI 2010).

During theJECANRCA scoping procesg&gey resource components were identified by NPS staff
and are represented as components in the NRCA frameWaile this list of components isot
comprehensivéor all resources in the park, it includes resources and processes that are unique to
the parkin some wayof greatest conceror of highestmanagement prioritySeveral masures

for each component, as well as known or potential stresserealsoidentifiedin collaboration

with JECA resource staff

Selection oReference Conditions

A reference conditiors a benchmark for compaonwith current values of a given compon@&nt
measures to determine condition of that component. A reference condition may be a historical
condition (e.g., flood frequency prior to dam construction on a river), an established ecological

16



threshold (e.g., EPA standards for air quality), or a targaeathgement goak objective (e.qg.,
a bison herd no larger than 700 individuals) (adapted from Stoddard et al. 2006).

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

NPS resource staff. In some cases, ref@eonditions represent a historical reference in which

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

s uc h awsticinpasiangor fipre-1908 establishmentd | n ot h-eevieweda s e s, pee
literature ancecological thresholds helped define appropriate reference conditions.

Finalizing the Framework

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

Heinz Ill Center for Sciende i St at e & Ecosiems 28@ot ifam mewor k ( He i
2008). Key resources for the park were gleaned tlMNGPN Vital Signs Monitoring Plan

(Gitzen et al. 2010) and publically available informational materials @A This initial

framework was presented to park resource staff toustite meaningful dialogue about key

resources that should be assesSgghificantcollaboration betweeSMUMN GSSand NPS

staff was needed tf@cus the scope of the NRCA project and finalize the framework of key

resource to be assessed.

The NRCA framework was finalized in February 2010 following acceptance from JECA

resource staff. ikontaired nine componentsTable3) andwasused o drivetheanalysis in this

NRCA. This frameworloutlined the resources (components), most appropriate measures, known

or perceived stressors and threats to the resources, and the reference conditions for each resource
for comparison to current conditians
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Table 3. Final JECA Natural Resource Condition Assessment (NRCA) Framework.

Extent and Pattern

Landcover Extent

Landcover change

Climate change, fire management suppression, in-park and
outside park development, land use

Pre-1908 landcover (1874 Custer
expedition photographs)

Change in Ponderosa Pine distribution and
density

Fire management, pine beetle threat

Pre-1908 establishment (1874 Custer
expedition photographs)

Forest Fire

Biological Components

MNative Plant
Communities

Bats

Freguency

Suppression, vegetation, fuel loading, climate change

Matural frequency - historic documentation

Severity

Suppression, vegetation, fuel loading, climate change

Matural fuel and frequency relationship -
historic documentation

Extent

Exotic Plant - Distribution and density

Total number of hibernating bats by genus

Chemical and Physical Characteristics

Microclimate

Drip Sites

Temperature (overall heat exchange)

Suppression, fuel loading, external and internal development
and land use

Fire regime, climate changes, moisture patterns, potential

atmospheric nitrogen deposition, visitation

General development, human disturbance, climate change

Tour lights, visitation, climate change

Matural extent - historic documentation

Pre-Exotic infestations

Bat count ranges after 1992 standardized
count methodology

Pre 1908 Establishment

Pressure (air exchange)

Artificial cave entrances, human-caused enlargement of cave
passages

Pre 1908 Establishment

Humidity (overall moisture)

Wisitation, climate change

Pre 1908 Establishment

Wind velocity

Chloride Concentrations

Human caused changes in cave passages (sizes, etc)

Possible leak in sewage line, road salt

Pre 1908 Establishment

Un-impacted drip sites

Mitrate Concentrations

Possible leak in sewage line

Un-impacted drip sites

Pesticide Concentrations

Exotic plant treatment inside and outside monument boundary

Mo pesticides

- Changes in infiltration | Permeability Development, septic systems, Surface Vegetation Changes Un-impacted drip sites

Goods and Services

Soundscape - Cave

Decibel levels

Aluminum walkways, tour group size

"Matural” cave experience

Viewshed - Cave

Matural cave views

Colored lights, breakage of cave features, debris build-up

"Matural” cave experience




Reporting Areas
Reporting zones were not used in tssessment.

General Approach and Methods

This study involvedjathering andeviewing existing literature and datlevant tceach of the

key resourceomponenténcludedin the frameworkNo new data were collected for this study
however, vinere appropri@, existing data were analyzéa provide summariesf condition for
resource®r to create new spatial representations. After all data and literature relevant to the
measures of each componemrereviewed and considered, a qualitative statement ofabfver
current condition was created and compared to the reference condition when possible.

Individual Component Assessments

Data Mining

The data mining process (acquiring as much relevant data about key resources as possible) began
at the first scoping meety, whereJECANPS staff provided data and literegun multiple

forms, includingNPS reports and monitoring plans, reports from various state and federal

agencies, published and unpublished research documenggvernmental organizatioaports,
databaes, tabular data, and cha@®ographic Information SystenSIS) data were provided

by NGPNandby JECANPS staff. Access was also granted to various NPS online data and
literature sources, such as NatureBib and NPSpecies. Additional data and literature were also
acquired through online bibliographic literature searches and inquiries on various state and

federal government websites.

Data and literature acquired throughout the data mining process were inventoried and analyzed
for thoroughness, relevagand qualityin relation tothe resource components identified at the
scoping meeting.

Data Developmerand Analysis

Data development and analysis was highly specific to each component in the framework and
depended largely on the amount of information and data available on the topic and
recommendations frodECA staff aboutanalysis. Specific approaches tataldevelopment and
analysis can be found within the respective component assessment sections located in Chapter 4
of this report.

Preparation and Review of Component Rough Draft Assessments (Phase | Documents)

The process of developimyaft documents foeachcomponent began with a detailed phone or
conference call with resource componexpertsto verify the most relevant data and literature
sources that should be used and to formulate ideas about current condition with respect to the
expert®opinions Information gained in these initial conversatioreswmportant forough draft
developmentwhich usedlata gathered through the data mining process and the insights
provided by component expertéext, the @cumentsvere forwarded téhe component expés

for theirinitial review and comment.

The preparation of rough draft assessments for each component was a cooperative process
involving SMUMN GSS JECA andNGPN staff. AlthoughSMUMN GSSanalystelied

heavily on peereviewedliterature and existigpdata in conducting the assessment, the expertise
of NPS resource staff algpayeda significant and invaluable role in providing insights into the
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appropriate direction for analysis and assessment of each component. Tiasespecially
importantwhendata or literatur@bout a resource componevere limited

Development and Review of Final Component Assessments (Phase Il Documents)

Following review of the component rough drafts (Phase | documents), analysts used the review
feedback fronresourceexperts to compile the final component assessments (Phase |l
documents). Consistent contact with experts was maintained throughout this process to
adequately address questions and comments pertaining to rough draft reviews and to ensure
accurate represeation of JECAand NGPN NPS staff knowledg@nce Phase Il documents

were completed, they were sent back to exg@$reviewers for a seconthorough review and

to addadditionalinsights. Any comments or feedback received during this second review were
incorporated into the assessment docunfena resulof this processand based on the
recommendations provided by JECA resource staff and other expertsial component
assessments (Phase Il documents) represent the most relevant and currentatdéaadithe
opinionsof park resource staff and resource expletgach component

All resource component assessments are presented in a standard format in the final report. The
format and structure of resource component assessments is descriled belo

Format of Component Assessment Documents

Description

The relevance of the resource component to the parksscmhtext within the park setting
describecandmay represent a unique feature of the park, a key process or resource in park
ecology, or aesource of high management priority in the panky interrelationships that occur
among a given component and other resource components included in the broader assessment
also emphasized

Measures

Resource component measures were defined in thenggmocess and refined through

extensive dialogue with resource experts. Those measures deemed most appropriate for assessing
the current condition of a component are listed in this section, typically as bulleted items with a
very brief description of mets used in the assessment.

Reference Conditiorend Values

The reference conditi@weredetermined for each resource comporartaredefined in the
framework including an gplanationof why specific reference conditions are appropriate or
logical to use. Also included in this section is a discussion of any available data and literature
that explain and elaborate on the designated reference condititiese conditions or values
originated with the park experts BMUMN GSSanalysts, an explanation of how they were
developed is provided.

20



Data and Methods

Dataset used to evaluate the component were adjusted or processed asmtteadalysisA
discussiorof how data were evaluat@sd analyzed to determine current condition (and trend
when appropriate} also included

Current Condition and Trend

In-depth key findings regarding the current condition of the resource component and trends
(when availablegre discussed'he informaibn is presented primarily with text but is often
accompanied by detailed maps or plates that display different analyses, as well as graphs, charts,
and/or tables that summarize relevant data or show interesting relationships. All relevant data
and informaion for a componerdrepresented and interpreted.

Threats and Stressor Factors

A summary of the threats and stressors that may impact resanctenfluence the current
condition of a resource componeme providedRelevant stressors were describethe

scoping process and are outlined in the NRCA framework. However, these are elabotated on
create a summary of threats and stressased on a combination of available data and literature
and discussions with experts and park natural resources staff

Data NeedaindGaps

Critical data needs or gaps for the resource comparerdutlined Specifically this section
discusses howhese data needs/gaps, if addressed, welfpdetermire the current condition of

a given component in future assessmdntsome cases, the data needs/gaps are significant
enough to make it inappropte or impossible to determine condition of the resource component.
In these casestaing the data needs/gapsll help natural resources staifioritize monitoring

or datagathering efforts.

Overall Condition

A qualitative summary statement of the current condition for the resource comgsonent
provided determined after thoughtful review of available literature, data, and any insights from
park staff and expertsvhich arepresented in the Current Condition and Trend secliba

Overall Conditiorsectionsummarizes the key findings ahijhlights the key elements used in
determining and justifying the level of concern, if any, that anafttibuteto the condition of

the resource component.

Initial designations of current condition for a component, (made by the authors during
component rough draft preparation) were subject to review from resource experts during the
review procesand amended when appropriatetovide a more accurate representation of park
staffandexpert®interpretation of condition. When applicable, condition designations were
made with respect to the defined reference condititren reference conditions were not
available, the opinions of gastaff and experts were relied on more heavily to determine
condition.

Condition Graphic

A graphical representation of the condition of the component (and trend when apprapriate)
providedto give readers a more visual interpretation of the assessed condition. Haheser,
graphics ar@ot intended toeplace the written statements of condition, which provide-an in
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depth discussion of and justification for the condition attributed by stsaiy the resource
component.

An example of the condition graphigpresenhg the assessed condition of a compor{egure

1) uses olored circledo indicate a componeistcondition expregs by level of concern. Red
circles signify that a resource;yellewcocltes isi gni f
signi fy ;fyeeo drelesmnifyeidl o wo ;caodrgayeirclas signifithatdataare

currently insufficiento make a statement about concern or condition of the component.

The arrows nested inside of the circles indicate the trend of the condition of a resource
componentUp arowsindicate the condition of the component is imypng from reference

condition right arows indicate a stable condition or treddwn arowsindicate a decline in the
condition. These are only used when it is appropriate to comment on the trend of condition of a
component. A triplgpointed arrow indiates the trend of the compon&ntondition is currently
unknown.

Significant Concern o ° o ‘

Moderate Concern ﬁ |:> @ b

Low Concern o ° o ‘

Insufficient Data

CONDITION

Improving  Stable Declining Insufficient
Data
TREND

Figure 1. Graphical representation of current conditions and trends of components in JECA.

Sources of Expertise

Individuals (including their title and affiliatiowith offices or programs) who had a primary role

in providng expertise, insight, and interpretation to determine current condition (and trend when
appropriate) for each resource comporastlisted
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Literature Cited
Formal citations for literature oratiasets used in the analysis and assessment of condition for the
resource componeate provided
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Chapter 4 Natural Resource Component Summaries

This chapter presents the background, analysis, and condition summariesfoe Keg/
resourcecomponentsn the project framework. The followirgections discuss the key resources
and their measures, stressors, and reference conditions. The ardewpoinent$ollows the
project frameworkTablel). The summary for each indicator is arranged around the following
sections:

1. Land Cover
2. Fire
. Native Plant Communities

3
4. Bats

(62

. Microclimate

(o2}

. Drip Sites
7. Changes in Infiltration
8. CaveSoundscape

9. Cave Viewshed
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4.1 Land Cover

Description

Land cover is the physical surface of the earth, including classes of vegatatiasses of

land use (e.gagriculture, residential, transportation) (Comber 2005). Land cover is often
portrayed in maps eated through field surveys and/or analysis of remotely sensed imagery
(Comber 200% The Northern Great Plains Inventory and Monitoring NetwottsPN)

recognizes land cover and land use (LG9 aVital Signbecause natural disturbances,
stressors, andndmanagementancause largescale changes to the general ecosystem
composition of NPS units, altering the land cover of a park. In addition, the type, amount, and
arrangement of vegetative structural types in park units partially determicentiposition and
abundance of those urdtgertebrate and invertebrate communitiés{on andCollins 1997.

Ponderosa pine dominates the landscagewel Cave National MonumerECA). Prior to
2000, the year of the Jasper Fiand cover irand aroundECAwas primarily a mix of
ponderosa pine woodlands, cropland, grassland, and shri{BlaladandPucherelli 1998)
Areas in and aroundECA also contardash leaf mapléalso known as box eldemqjuaking
aspen Populustremuloide$, andchokecherry foests(SalasandPucherelli 1998)Most of the
disturbed and converted areas were originally naturahened converted tagricultural land. In
addition, some relatively small areas classified by the Anderson Level Il LEBhtefson et al.
1976 as 0 c o mme arkreadsamrdsnirastructure aresti) exist in the park

Measures
1 Land cover change

1 Change in ponderosa pine distribution and density

Reference Condition and Values

Thereference condition fahis assessmergthe land covepre-1908.Aerial imagery

documenting land cover pf908 is not available, making a quantitative analysis of land cover
changeusing this reference condition difficullowever, the primary change described in the
literatureover the last 100 yeais theincrease in density and expansion of ponderosa pines into
the grassland3fown andSieg 1996 Brown andCook 200§. Historically, frequent fires and

open forest stands allowed large, old ponderosa pines to grow (Bra@ook 2006) however,

fire suppresion has increased the density of ponderosa pines, leading to smaller trees and a
uniform distribution, making the trees more susceptible to severe wildfires and insect infestation
(BrownandCook 2006).

Land coveiis naturallya dynamic aspect of ecosysig driven by naturahnd humaractors.

Natural disturbances such as fire, wihdow, and insect and disease infestations reset vegetation
succession. Another natural driver of vegetation and land cover is native ungulate grazing.
Native bison Bison bi®n) were a keystone species of the Great Plains for approximately 10,000
years butvere extirpated frorthe ara by the midl870s (BrowrandSieg 1996).In addition,
ungulates such as elk or deer have the potential to change land cover in the pa&nThe m
sources oainthropomorphit¢and cover change within and surrounding JECA include
suppression, logging, mining, livestock grazing, and urbanization of the land.
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A long history ofhuman
settlement in the Black Hills
fhas resul ted o
fragmented land ownership
pattern, with relatively few S8 &
lands in public ownership and #FF e
most of these with well ' ok
established multiple use
mandates (logging, mining,
and livestock grazing). Until
reently, few areas have beenfs
designated for natural :
resource protection, and most
of these were established for
recreation or to preserve i :
unique geological or cultural ey W X
features rathehin native N T
biological diversity Fe(tig
andOblad 2000, p. 13 Fertig
and Oblad (2000) also suggest thaghroad density in the Black Hills preverrhany areas from
being preserved atlmoad landscape level.

Photo 3. Jewel Cave National Monument .

JECA is located in Custer County, South Dakatd as of 2010the countyhad a population

density of13.7 peoplekm? (5.3mi?) (U.S. Census Bureau 201@igh human population

densities are often associated with significant land cover changesg¢exgersion from

vegetative cover to impervious surfacedthough the population density Custer Countys

low relative to the lower 48 (at 36 peoftd®?), land uses such as minidggging, and livestock
grazing(both historic and presentjeate lasting effects on plant communities and on overall

land cover. While logging and surface mining may have more opwffactsonland cover,
ecological costs ar@sooften associated with livestk grazing Fleischner 1994 These

ecological costs may not be detectable or measureable by typical land cover and use mapping
methods.

Data and Methods

All 32 National ParlService NPS Inventory and Monitoring(I&M ) Networks collect,

manage, analyze, and report letegm data for a select group of physical, chemical, and

biological elements and processes in park ecosystems that represent the overall health or
condition ofa park NPS 2010n These elements and processes are cdltatiSigns(NPS

201@). As mentioned in the description of land cover, the NGPN recognizes land cover and land
use as ¥ital Sign. AlthoughNGPN does not have a protocol for monitoring Wil Sign, the
expected approach includes the acquisition and analysis efdale satellite imagemnd

measuring land use and coarse vegetation cover vt unitsand within an undetermined

buffer of each park. The protocol for thigtal Signwill be developed in the nektto 5 years.

Salas andPucherelli(1998)created the mostetailed mapo dateof land covervegetation
classespand land use IGECA using 1993 U.S. Forest Serv{téSFS)aerial imageryThe map
cate@rizes vegetatioassociationssingthe National Vegetation Classification SysténMvVCS)

34



and Anderson Level [JAndersoret al1976)LCLU categories using GIS polygoriefer to
AppendixB for a table indicating land cover/land use composition according to Salas and
Pucherelli (1998)Data that indicate recent changes at this scale are unavaiaiever,the
National Land Cover Database (NLCD) 198201 Land Cover Chye Retrofit product
(Vogelmann et al. 200ihdicates broad land cover class changes that occurred folltlneng
Jasper FiréFry et al. 2009)

Analyses from the NPScapeoject provide information regarding land cover and landscape
dynamics on a regional scale (i.20 km surroundingECA NPS 201) NPScape is a project
created by the NPS Natural Resource Program Center, Inventory and Monitoring Division that
monitorslandscape dynamics and delivers a suite of landseezgle datasets, maps, reports, and
other products to NPS units. The NPScape project created a conceptual framework that describes
three major factors affecting landscape scale dynamics: Natural Syskeman Drivers, and
Conservation ContexfF(gure2) (NPS 2010% Specifically, the project provides land cover data

in a 30 m cell size within a 30 knutfer of JECAfrom the NLCD {ogelmann et al. 2001;

Homer et al. 200¢4 a coarser resoluticend different classification systettman the Salas and
Pucherelli (1998) vegetation map. The NPScape project also provides several other land cover
related datassf developed using Python® scripts in a GIS (witte€CAandanapproximately

30km buffer), includinginatural versus converted land cquedtand cover changeand

Alandscape patterThese Python® scripts can be used on other datasetsufelgted ICLU
datasets at finer scales offered by the NLCD) to derive similar GIS products. The project also
examines human drivers including population, road density, impervious surfaces, and
categorizations of conservation status metid8g 2010b2010c).

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

Conservation Context

» Land ownership

+ Land management

« Key connecting patches

\

Vulnerability and opportunity

Figure 2. NPScape conceptual framework (NPS 2010c).

The GIS outputgnamely those derived from NLGQ[Produced by the NPScape project would
require significant GIS processing to make any comparisons with the data in Salas anellPucher
(1998) andmeaningful comparisons would be difficult to produce due to different scales and
classification methodology used by each datageg¢lmann et al. 2001; Homer et al. 2004
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SalasandPucherelli 1998)However, 1992 to 2001 NLCD change défay et al. 2009provide
insightinto general changes in land cover in and surrounding J@@stratingregional and
JECA-specificland cover changes post Jasper.Fire

Current Condition and Trend

Land Gver Change

Prior to the Jasper Fire in August 20@te vegetatiomwithin JECA consistd of a mosaic of
ponderosa pine woodlands, forests, and grass and shrub complex, with the majority of the land
cover (9%) being ponderosa pine woodlands and forests (8at#8ucherelli 1998). Sas and
Pucherelli (1998)erived their datérom 1993 color infrared aerial photographs &oan field
sampling at a scale of 1:16,0(®late2). In addition to thédand withinJECAboundaries, Salas

and Pucherelli (1998) mapped an area surrounding the boundaries of JECA. The majority of land
cover for the entire study area (including within and out3ii€A) consisted oPonderosa Pine
Complex | (59%)Ponderosa Pineomplex Il (28%) and Cropland and Pasty&2o) (Table4).

Within the JECA boundaries, primary land cover consistdeboiderosa Pine Complexd@o)
andPonderosa Pine Complex 8106) (
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Table5). However currentland covehas changed significantly since the Salas and Pucherelli
(1998) land covemapping projectThe Jasper Fire destroyed 265 ha (655 ac) of forest (54% of

the original forested area), and because of additional loss in the remaining forested area, the total
mortality exceeded 60% (MWViles, pers. comm201]). JECA staffconducted areliminary
examination of 2010lational Agriculture Imagery Program (NAIP) color aerial imaggamg

estimate thatonly 44% of land cover within JECA boundarigsuld still bedefined as

Ponderoa Pine Complex | or IIR. Ohms pers. comm.201J). Percentcomposition of land

use/cover prdasper Firdnas been documentetiable4 and
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Table5), butthe valuesio not represerthe current composition of land use/cover in JECA.

Table 4. Land use/cover in the entire Salas and Pucherelli (1998) study area.

Land use/cover Area (ha) Area (ac) Percent Composition
Residential 0.5 1.2 0.01%
Commercial and Services 1.2 3.0 0.03%
Lrjrtﬁir:isezortation, Communications, and 116 28.7 0.31%
Cropland and Pasture 321.8 795.2 8.47%
Reservoirs 0.1 0.3 <0.01%
Nonforested Wetland 0.4 1.0 0.01%
Strip Mines, Quarries, and Gravel Pits 1.6 4.0 0.04%
ézrelg;eaf Maple (Box elder)/Choke Cherry 28 6.9 0.07%
Grass / Shrub Complex 75.5 186.6 1.99%
Ponderosa Pine Complex | 2270.5 5610.5 59.73%
Ponderosa Pine Complex I 1099.3 2716.4 28.92%
Quaking Aspen/Choke Cherry Forest 15.9 39.3 0.42%
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Table 5. Land use/cover within JECA boundaries (Salas and Pucherelli 1998).

Land use/cover Area (ha) Area (ac) Percent Composition
é(s):welgfaf Maple (Box elder) / Choke Cherry 28 6.9 0.13%

Grass / Shrub Complex 28 69.2 1.31%
Ponderosa Pine Complex | 1,404.8 3,471.3 65.93%
Ponderosa Pine Complex Il 670 1,655.6 31.45%
Residential 0.5 1.2 0.02%
Commercial and Services 2.1 5.2 0.10%
Trg_n_sportation, Communications, and 95 235 0.45%
Utilities

Cropland and Pasture 13 32.1 0.61%

The NPScape project offersepresentation of general LCLU and LClcdangean the area

within JECA and30 km surroundingECAusing a reclassification of the 2001 NLCBI4te3;
Homer et al. 2004 TheLCLU categories reclassified for this analySisble6) show thathese
broad, coarse resolution land cover data indicatent broad¢hanges in land covetasses in

the areaFor example, the NPSscalatural \ersusConveted land cover data can generalize
areas that are more highly influenced by impervious surfacewasurban areas and rogdss
Convertedand generalize areas that may be nearly completely vegetdtiedumal However

this Natural categordoes not accourfibr important ecological changes that may have occurred
in plant species diversity, plant community composition and structure, and plant species nativity
(i.e., native vs. nonnative plant specieSiirther,the NLCD does not identify livstock grazing

as a land use and therefore does not capture&Comgerted land, thus missing any associated
ecological costs of this land use.
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Table 6. 2001 National Land Cover Database (NLCD) reclassification to NPScape land cover fatural vs.
convertedo (LNC) classes (NPS 2010a).

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

TheNPScape analysis displays categories of L&hdnge from 1992 to 2001 using the NLCD
change productRlate5) (NPS 2010a). The map reveals some areas changedNatural to
Agriculture (areasi pink on the map) and fro@onverted td\atural land cover classifications
(areas in blue on the maghe composition of this change classificatio JECA and 30 km
surroundinglECAweredocumentedTable7).

33



Table 7. Land cover change in and around (30 km buffer) JECA, 1992-2001 (NPS 2010a).

Total Area
ha ac Percef‘t.
Class Name Composition
Converted 4,185.94 10,343.7 1.35%
Natural 30,4832.2 753,256.8 98.36%
Natural to Agriculture 676.25 1671.0 0.22%
Natural to Urban 179.7 444.0 0.06%
Converted to Natural 47.7 117.9 0.02%

The originalNLCD 1992 to 2001 change ddtay et al. 2009)ndicate a significant area in
JECA changed from land cover claseé&orest to Grassland/Shrudnd a small area changed
from Forest to UrbanTiable8). These data indicate thatcording to Anderson Level | land
cover classesnore tharl3% of JECAs land surface changéwm 1992 to 2001Additionally,
large areas immediately adjacenfECAchanged from Forest to Grassland/Shindgie the
areas irpink to the southwest, northeast, and southeast corn@eC#in Plate6).

Table 8. National Land Cover Database (NLCD) land cover change area and percent composition in
JECA, 19921 2001.

Percent
Total area Total area of total Percent of

Land cover class/change class (ha) (ac) area change area
Urban 28.7 70.9 5.6 --
Forest 270.2 667.6 52.3 --
Grassland/Shrub 149.8 370.1 29.0 -
Changed: Forest to Urban 0.7 1.8 0.1 11
Changed: Forest to Grassland/Shrub 66.9 165.2 13.0 98.9

Totals: 516.2 1,275.7

Regioralland coverchanger om 1992 to 2001 is depicted by
(AOA), a 30 km buffer of JECA. The AOA covers a 3,099°Kin196 mf) area. The vast

majority of land cover in this area in 2001 wasest (53%) followed bgrasslandbhrub

(44%). Thechange classification was almost dominated by changeFRoyest to

Grasslanddhrub land cover classe§dble9).
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Table 9. National Land Cover Database (NLCD) land cover area and percent composition in NPScapes
AOA (30 km buffer of JECA), 19921 2001.

Land cover class Total Area Total % of total % of total
(ha) area (ac) area change
Open Water 136 336 0.04 NA
Urban 2,859 7,064 0.92 NA
Barren 561 1,386 0.18 NA
Forest 164,660 406,882 53.13 NA
Grassland/Shrub 122,194 301,948 39.43 NA
Agriculture 1,390 3,435 0.45 NA
Wetlands 1,515 3,743 0.49 NA
Land cover class change
Open Water to Grassland/Shrub 3 7 0.00 0.02
Open Water to Wetlands 1 3 0.00 0.01
Barren to Urban 0 0 0.00 0.00
Barren to Grassland/Shrub 2 4 0.00 0.01
Forest to Open Water 3 6 0.00 0.02
Forest to Urban 159 393 0.05 0.96
Forest to Barren 9 21 0.00 0.05
Forest to Grassland/Shrub 15,002 37,070 4.84 90.32
Forest to Agriculture 517 1,279 0.17 3.12
Forest to Wetlands 211 522 0.07 1.27
Grassland/Shrub to Open Water 5 12 0.00 0.03
Grassland/Shrub to Urban 23 58 0.01 0.14
Grassland/Shrub to Barren 1 3 0.00 0.01
Grassland/Shrub to Forest 360 889 0.12 2.17
Grassland/Shrub to Agriculture 141 348 0.05 0.85
Grassland/Shrub to Wetlands 20 49 0.01 0.12
Agriculture to Grassland/Shrub 49 120 0.02 0.29
Wetlands to Open Water 2 6 0.00 0.01
Wetlands to Urban 2 6 0.00 0.01
Wetlands to Barren 1 1 0.00 0.00
Wetlands to Forest 7 16 0.00 0.04
Wetlands to Grassland/Shrub 51 125 0.02 0.31
Wetlands to Agriculture 41 102 0.01 0.25
Totals: 309,924 765,836
Total change area 16,610 41,043

Change in Ponderosa PibBestribution and Density

Brown and Cook (200&pund ponderosa pine distribution and density in tHacEhtury to be

more diverse than it is today. Historically, there were some areas of dense stands of ponderosa
pines, as there are currently, but masenmonlythere were open stands of ponderosa pines that
allowed trees to grow large and old (BroaumdCook 2006). Historically, natural disturbances
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such as fire and auntain pine beetlePgendroctonus ponderosperaturally thinned stands of

small (23 cm diameter or less), densely distributed ponderosa pines, allowing only the healthiest
saplings to survive and replace the large and old dying (&S 2010d). In addition, burns

would clearmponderosa pine seedijs from prairies, thus limiting encroachment of ponderosa

pine forests into prairie areas.

Fire suppression over the last 100 years significantly altered ponderosa pines forests in the Black
Hills, resuling in dense, eveaged stands of ponderosa pinethvai uniform distribution across

the landscapeNPS 2010yl These characteristics make them susceptible to mass mortalities
from severe fires angests such asountain pine beetleMountain pine beetles are a natural

part of the ecosystem that attack #ndensely distributed trees, butdause of the eveaged

stands across the Black Hillspomtain pine beetlgsosea significant threato the ponderosa

pine forests as a whole (NPS 2010Qd)addition to ponderosa pine stands being more
susceptible tonass mortality, the proliferation of dense ponderosa pine stands has led to
conversion of much of the grassland areas into ponderosa pine foileSt2(010) The

expansion of ponderosa pine forests also extracts much of the nutrients and moisture from the
ground, making survival difficult for other vegetation in JEQ¥RPS 20104

Overall, the density dfto 20 cm diameteclassponderosa pine tre@ the Black Hills forests
increased approximateBfold from 1874 and.995(McAdams 199% In addition, @omparisons
of more recent photographs to Cu&éi874expedition photographs show encroachment of
ponderosa pines into grasslands andarallincrease in ponderosa pine densi{lesgulske
1974. While theseggualitativeobservations have been recorded, motgapth quantitative
analysis of change in ponderosa pine distribution and density in JECA is difficult due to the
absence of aerial imagery.

The Jaspefire of 2000 created significant changes in the canopy of posa@ines iIJECA
and the surrounding arebhe 1992 to 2001 NLCD change proddata indicate that a
significant area of JECA changed frdrorest toGrasslanddhrub (Anderson Levellbnd cover
classep(pink areasPlate6). The changed areas appear to coincide thighJasper Firbigh
severity areafPlate9).

Threats and Stressor Factors

An NPScape examination of all roads within 30 k"dBCA using ESRI Streetmap daéwveals

a dense network of roads (NPS 2010b). A subsequent analysis using this road layer shows patch
area between roads (>500fram the nearest road), illustrating that road density may prevent
landscape level land preservatiasFertig and Oblad (200@uggestRlate7) (NPS 2010b).

This analysis treated all roadqually when creating the rdads patch areabut n reality, roads

vary widely in size and use intensity and therefore would likely varyein dffects related to

habitat fragmentation. Despite this, roads cause fragmentation of natural landsdages an

viewed here as a stresgorland cover in the area surroundiftgCA

Cattle grazing adjacetd and withinJECAarea threat to the land ger becausdencing is
inadequatéMarriott andHartman 1986).Cattle damage native plant communities by shifting
plant community structure and by removing plant growttaddition, il disturbance by cattle
creates establishment sites fmonnativeandinvasive plantsCattle occasionally migrate into
JECA from nearbySFSallotments, and in 198% herd of approximately 20 cattle moved into
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JECAand stayed for several weeks. This short period was long enough for the herd to graze and
trample grasslandegetation to ground level (Marrt@ndHartman 1986). Since 1985, other

herds of cattle have wandered into JECA for shorter durations, but the extent of the damage has
not been recorded andhs likely not significantR. OhmsandM. Wiles, pers. comm2011).

Fires are importanhaturally occurring events in the Black Hills and Great Plains. A generally
accepted ecological concept regarding western North American ponderosa pine forests is that
frequent surface fires maintaopen forest stands dominateyllarge, old treesBrown et al.

2001]). The natural fire regime, specifically the fire return interval, has changed since European
settlement due to fire suppression, grazing, logging, and fragmentation from human
developmentln general, fire suppressian the BlackHills most likely led to the dominant
coverage (97%) of ponderosa pine communities in Ja@¥ to the Jasper Fi@larriott and
Hatman1986). One major reason for the association of ponderosa pine expansion and fire
suppression is that pedic burns would normally eradicate pine seedlings from grasslands, but
the lack of fire disrupts this natural proceBs¢k andBock 1984 Brown and Sieg (1996, 1999
note that the reasons for longer fire intervals after major European settlemerg iimelud
suppression policies and reduced fine fuel loads because of livestock grazing, logging, and
fragmentation. The reduction in fire frequency (or increases in mean fire return intervals) also
causes concern for the occurrence of abnormally severelfirdgge absence of frequent fires,
landscapes generally experience increases in fuel accumwattree density, leading to

intense fires$trambaugh et al. 20R8As discussed in the native plant communities section of
this documentSection4.3), prescribed fires are set in part to reduce fuel loads, pine dearsity

the risk of severe wildfires.

Mountain pine beetles are a native species to the Black &tidstheir effects represent a type of
natural disturbance to ponderosa pine fordtskhart 2011). Just as fire plays an essential role

in maintaining healthy forests, mountain pine beetles aid in restricting the expansion of
ponderosa pines into native grasslar®lgkhart2011). However, as the ponderosa pine stands
have become denser andma evenly distributed, the uniformly sized trees become more
susceptible to epidemic mountain pine beetle outbreaks. The areas at particular risk are patches
that have not experienced fire in the last 30 ydauskhart2011).Althoughmountain pine

beetks are a natural part of the Black Hills ecosystheir effects havdbeenexacerbatedy fire
suppression

In late 201092 treesscattered across 16.2 ha (40 ac), north.8f Highway 16in JECAwere
discovered to have infestations of mountain pindl®ée€o treat the infested trees, the park had
them cut, limbedand chunked in March 2011. The chumkererolled overin late May to

ensure complete drying of the wood to kill theuntain pine beetlarvae(M. Wiles, pers.

comm, 201). The infestatiorof 92 trees is likely not scalesufficientto change land cover
type, but a large infestation could cause broad land cover chavgesme.

Ponderosa pine forests have the ability to draw extremely large amounts of water from the soil.
The proliferaton of ponderosa pine forests in JECA since the 1800s has resulted in a significant
decrease in soil moisturweringthe soitwater profileandresulting in a lack of surface water

flow. Park staffsuspecthis may have ampact on infiltration into the cave, thus disrupt the

natural hydrologic processes of Jewel Cave. Changes in cave infiltration are discussed in length
in Sectiord.7 of this document.
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Data NeedsindGaps

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

much higher resolution land cover change information thatcurrentlyoffered by datasets

such as the NLCDA comparable map would use infrared aerial photographyl:16,000 scale
andapplythe same classification system. In addition, remapping of the area would facilitate a
guantitativeanalysisof the effects of the Jasper Fire (August 2000) on the land use/cover in
JECA.To depict important aspects of LCLU dyn&s, the standard operating procedures

offered in NPS (2010a) can be applied to high resolution vegetation such as the GIS data from
Salas and Pucherelli (1998). These map data, however, are likely out of date because of changes
that have occurred acro3g8CA, primarily from fire effects (both wildfire and prescribed fire).

An update to this map information would provide a more current understanding of these metrics
in JECA. JECA is currently working on updating a vegetation map using 2010 NAIP imagery.

NLCD data provide insight to broad land cogemposition and land cover chantg.CD 2006
dataand 2001 to 2006 NLCD change datadeecently becomavailableas provisional dattor
download via the Mti-Resolution LandCharacteristic€onsortium websitéFry et al. 2011)
These datavere not included in this assessment due to the time constkaihtsouldprovide
additioral and more current understanding of broad land atvanges in and around JECA in
the future.

A protocol for reporting and measugi.CLU as aVital Signis not yet developed. A fully
developed protocol would aid in creating consistency and specificity for this topic for network
park units. ltcouldalso inform management withtECAand, in some cases, provide

information valuable for coordinating conservation efforts with outside groups, especially those
managing land surroundilddeCA

Overall Condition

Overall,land coveiin JECA is of low to moderate conce®ome evidence suggseghat an

increase in overall ponderosa pine composition is a natural phenomenon, free of human influence
(Marriott andHartman 1986). However, several yearsiref suppression, logging, mining, and
livestock grazing hae most likely caused changes thelandscape in and aroud&CA Fire
suppression, logging, and cattle grazstiff continue on lands surroundidgCA Many of the
ecologicaleffectsof these human influences aret quantifiable using common landscape scale
LCLU mapping classifiation méhods, but in generaheyhave likely led to eveilaged stands

of ponderosa pines, the spread of invasive plants into native plant communities, and the loss of
grassland due to ponderosa pine encroachment.

The Jasper Fire changed the ponderosa pine catmopasnd extent in and around JECAior

to the Jasper Fire, ponderosa pines accounted for 97% of land cover within the JECA boundaries
(SalasandPucherelli 1998)NLCD 1992 to 2001 change ddtay et al. 2009)ndicate thab%

of the land area withiBO km of JECA changed froforest toGrasslandghrub land cover

classes, accounting for 90% of the total change area. Within diggximately 13% of the

park changed frorforest toGrasslandshrub land cover classesccounting for nearly all of the
landcover class chang@éfter preliminary examination of aerial photography, park staff

determined thatie percentage of ponderosa pine land cover in 2010-Jpsper Fire) haseen

reduced to 44%R. Ohms pers. comm.201).
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Sources of Expertise
ReneOhms, JECA Physical Science Technician
Mike Wiles, JECA Chief of Resource Management
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Plate 3. NPScape land cover in JECA and 30 km buffer (Homer et al. 2004; NPS 2010a).
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4.2 Fire

Description

The NPS Fire Management Program defines fire regime as the combination of frequency,
predictability, intensity, seasonality, and stt@racteristics of fire in a particular ecosystem
(NPS 2004). Fire was a critical ecological process that influenced both the composition and
structure of plant communities in western North America until the widespread settlement by non
Native Americans ithe mid to late19" century (BrownandSieg 1996)During presettlement
times, fires were generally light (low intensity and severity), frequentghett fire return
interval) surface fires in the Black Hills (NPS 200 Following European settlemieim the late
1800s, landscape scale fires became virtually nonexistent (BnosBieg 1996)Fire exclusion
causedandcover changeponderosa pines expanded into the prairie, displatingd-grass
prairie communities andardwood trees, and increasithg density of younger, eveged pine
trees in forest stands.

In the Black Hills, yearsf fire suppressiona long history of intensive timber harvestd

grazing bynonnativeherbivoregesulted in(1) overstocked patches of saplings and {sated
trees;(2) reduced tree growth and increasaartality, especially of the older trees in a stai3q;
stagnateahutrient cycling;(4) increased irruptions of inse@sd disease$5) higher fuel loads,
includingincreasedt er t i cal f uel ued fElodpereasedirgam flofives; and7y e r  f
less wildlife habitat for species dependepbn herbaceous vegetati@rown andSieg 1996).

This, along with favorable conditions for regeneration throughout the@ury, increased the
potential for largescale fires (BrowrandSieg1996, such ashe JaspeFire. The JasperiFe
occurredAugust 2000, stairig just west of JEA andburning33,795 ha&3,508ac)in the
southerrBlack Hills and approximately 95 of the land arewithin the JECAboundarieNPS
2010b).Photo4, shows a ponderosa pine community along the trail to the Lantern Tour Route,
ten years post Jasper fire.

The Jasperike altered mangcological processes. The fire destroyed 54%=6 Ads total
forestedarea, and mortality exceeded 60% with additional lodde¥\(iles, pers. comm).2011).

It removed canopy vegetation, litter, and duff, and increased the water repellant layer irl the soi
leadingto increased surface runoff and associated sediment yields (Parenti 2001). The effects of
the fires such as the Jaspée on hydrologic processes diminish each year for the first 7 years
following the fire, but complete watershed recovery tede up ta20 years (Parenti. 2001).

Butler (2007) found the Jasplére initially created higher species richness and more broad
vegetation community types. However, it also created a landscape that appeared more
homogeneous because of increasgsdnts like Canada thistend Kentucky bluegragfoa
pratensi3; communities began to look maaike, blurring the visible lines between vegetation
community types (Butler 2007). The Jaspee greatly reduced shrubs, such as ninebark and
juniper Juniperus communjsand significantly increased the weedy herbaceous vegetation
throughout different vegetation community types. However, the resulting patchwork of burned
and unburned ponderosa pine forestHCAmay contain more habitat for a suite of bspkcies
that may have been less common or absent in the park prior to the fire (Panjabi 2002).
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Photo 4. Ponderosa pine community burned by the Jasper Fire.

Measures
1 Return interval (time between two successive fires wilEGA)
1 Extent (area of fires over time)

1 Severity (the degree of environmental change caused b¥drexample, physical and
chemical changes to the soil, conversion of vegetation and fuels to inorganic carbon, and
structural or compositional transformatiohatt bring about new microclimates and
species assemblagékey and Benson 2006)

1 Reference Conditions

Fire-returninterval

Brown and Sieg (1996) found high variance in JECA fire intervals, making an average fire
interval #fAdiffi culovnandBiegd396 p. 103)tThey exammined)5SE@eAs ( Br
and 448 fire scars (dated from 1388 to 19@ay the resulting average fire interval was 16 years

+ 14 (Table10). Even with longer presettlement fire intervals, the @réarests are not burning

in present day nearly as often as they did in the padtthe datéTable10) offer both

guidelines and justification fanon-going prescribed burn program at JECA (Broavnu Sieg

1996).
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Table 10. Number of fire intervals, mean fire intervals (MFI£SD), and ranges of fire intervals at four sites

and all sites combined in JECA, using all detected fire dates. All sites combined are intervals between fire

years recorded at any of the four sites. B. Number of fire intervals (MFI£SD) and ranges of fire intervals at

four sites and all sites combined, using fire datesr ecor ded when sample depth 02 r
percentage of trees r ecor djusiggdaesin midde pirtions bfthe tanggad ar ) 025
dates). Reproduced from (Brown and Sieg 1996).

[
(

A. No. Fire MFI Range | B. No. Fire MFI Range
Site Period Intervals (yr) (yr) Site Period Intervals (yr) (yr)
Jcst 15971 1900 13 22+23 7793 JCS 16841 1890 9 23+23 7779
JCE? 15917 1890 13 23122 177 JCE 16681 1890 11 20£15 51 47
JCN? 157671 1890 16 20+14 41 45 JCN 16631 1890 11 21+13 6i 45
Jcc* 138811890 22 23+18 1i63 | JCC 1668i 1890 7 3212 91 47
ALL . . ALL " .
SITES 1388i 1900 34 1614 1i 45 SITES 157671 1890 16 20+14 1i 45

Jewel Cave South
2Jewel Cave East
%Jewel Cave North

“Jewel Cave Central

Extent

Synchronous fire scars measured in a fire history study by BaodSieg (1996) indicate that

fires at JECA were at timextensiveenough to burn the entire suréaof the preserday JECA
However, some fires scars within a given seanay represent different fireand differences in
spatial patterning of fires may have been due to natural fire breaks. Areas such as Hell Canyon
north of Hwy 16 and Lithograph Canyon southlBICAheadquarters apparently acted as fire
breaks during soméré years (BrowrandSieg 1996).

Severity
Brown andSieg (1996) indicate that prior to land use changes, relativelni@nsity surface

fires were frequent and widespread in Black Hills ponderosa pine forests. However, pith dates
(year of tree establishent) suggest starestablishing events occurred in tHeCAarea in the
mid-1500s and again in the early 1600s. These statablishing events may have been from

high severity, standeplacing fires.

The timing of fires (seasonality) is another factot thay correlate with fire severity. Brown
andSieg (1996) found that the majority of fire scarring in JECA occurred from July through
August, consistent witfindings ofHiggins (1984); most lightninggnited fires occurred in July
and August in the Nortle Great Plaia grasslands and pine savannas.

Current Conditions

Fire-returninterval

An unnaturally long fire interval occurred from 1890 to 1994, more than double the longest
interval found from 1550 to 1890 (BrovamdSieg 1996). According to NPS firepmeter data,
burned area was minimal in JECA from 1980 to 1999, and only a few prescribdthfiees
occurredsince the 2000 Jaspeiré-(Figure3 andFigure4) (NPS 2010a). Following the Jasper
Fire, the NGPN fire management program waited eight years before implementing another
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prescribed firdo allowaccumulabn of fine fuels the primary carrier of fireAlthough
mechanical thinning of ponderosa pines does not provide an equivalent substitutiréor all

effects, the JECA fire management plan indicates that fuel reduction occurred in the 1980s and
mid-1990s through this method.
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Figure 3. Annual fire area in JECA from 19801 2008 (NPS 2010a). Note: All areas are rounded to the
nearest hectare by year. While the spatial data indicate the Jasper Fire burned all of JECA, the 2000 fire
season area estimate (in gray) is based on the Jasper Fire burning approximately 95% of JECA land area
as indicated in NPS (2004). Fires ' 0.1 ha occurred in 1987, 1991, and 2006.
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Figure 4. Number of recorded fires by year in JECA from 1980 to 2008 (NPS 2010a).

Extent
Spatialdata from 1980 to 1999 indicateat 128 ha (316 ac) GECAburned before the
extensive Jaspdiire of 2000 (NPS 2010a). Since the Jadpe, 239 ha (590 ac) or 46% of
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JECA has burned under prescription (NPS 2010a). During 2002, in an effort to reduce fuel loads,
the NPS used prescribed fires to burn piles of coarse woody debris along U.S. Hwy 16nThen,
30 October 2008the NPS conducted a 130 ha (321 ac) prescbhied, called the Hilltog-ire,

in the central portion of th&ECA (Plate8). The Lithograph prescribed fire, 77 ha (190 ac), was
conducted last fall21 September 2a) in the eastern portion GECA

Severity
The size, occurrence, and severity of wildfiregdiacreased in dry, lovelevation, ponderosa

pine forests in the Black Hills (Lentile et al. 2006). The JaBperin and around JECA offers a
recent examplefa large fire with a patchy mosaic of burn severity, with 24, 48, and 27%
classified as lowsurface fire) moderatémixed surface fire and torchinggnd high (stand
replacing)severity respectively (Lentile et al. 2006). The area of the JdSpethat burned
specifically within JECA is also of mixeskverity(Plate9).

High severity fires threaten native plant communities because they can increase erosen, crea
seedbeds that encourage invasive plant establishment, and ultimately slow soil and native
vegetation recovery. Lentile et al. (2006) recognize that mixed severity fires are complex in their
effects across the landscape, and that high stand densitiegaménopy bulk density were
positively correlated to high burn severity in this fire (Lentile et al. 209G severity fires can
leave accumulations of large woody fuels and present a risk of fires of increased severity in the
future (Lentile et al2006). Recent prescribed burns in JECA attempted to reduce fuel loads,
thereby lessening the risk fafture high severity fires. The 2008 Hilltdgire achieved a 35%
decrease in,000-hour fuel loading and a total fuel load reduction o¥@3®igure5). Thiswas

short of the goal to achieve aiBD% reduction in total fuel loadingowever, itwasa first step

in reducing fuel loads in alegively large portion of JECA (NPS 2008).

Hilltop Prescribed Fire Fuel Load
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T T
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(62}

o
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Figure 5. Pre- and post-burn fuel loading by size class for six fuel plots within the Hilltop prescribed burn
unit in JECA (NPS 2008).
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Threats and Stressor Factors

1 Fire suppression camwtribute to(1) overstocked patches of saplings and {sated
trees;(2) reduced tree growth and increasaartality, especially of older trees in a stand;
(3) stagnatedutrient cycling;(4) increased irruptions of inse@sd disease$5) higher
fuelloads, including increasade r t i cal f uel coi6)decreased y (il ad
stream flows; and7) less wildlife habitat for species dependgmbn herbaceous
vegetatiorfuel loading and changes in forest structure that create ladder fuels(Bnown
Sieg 1996)Brown and Sieg (1996)oted that all of these changes were present or may
have been present dzCA

1 Exotic plants can outompete native vegetation, indirec#yecting fire severity, timing,
fuel loads, and potentially fire extent and fieturnintervals.

1 Internal and external development can create obstacles for prescribed burns.

1 Climate change effects could lead to changes in moisture content of fuels, changes in
vegetation composition, and changes in the frequency and timing of liglewemts.

Data NeedsindGaps

FireGs relationship to cave hydrology is not well understood and represents a potential data need
for the park. Ponderosa pines are capable of pulling large amounts of water from, tre sty
reducing soil moisture and f@mtial water permeation into the cévelrip sitesUnderstanohg

how burning Ponderosa pine forests influerambwaterextraction is important

Understanding of fire severity following prescribed burasld lead tgotential improvements

in prescribe fire management. 8-year invasive plants research project started in 2010 is
ongoing atIECA Wind Cave MtionalPark (WICA), and Devils Tower IdtionalMonument

(DETO) toinvestigatestrategies for early detection of target invasive plants followingcpieed
burns. Measurements of fire severity, fuel loading, and vegetation response on a semipermanent
plot basis are part of the ongoing efforts to monitor fire effects in NGPN NPS units. The effects
of the JaspeFire are still evident and being examihigy this monitoring.In 1998, hree

monitoring plots were established and read within the Lithograph burn unit pti@ to

prescribed burnperformedn fall 1998 and 1999. These plots also burned in the J&speand

had theirlO-year readn summer201Q Additional plots were also established within the Hilltop
unit (located within the Jaspeir€ exten} prior to the prescribed burn in fall 20Q08hese plots

are monitored on an established monitoring schedule.

The use of prescribed burning to cahtmonnativeinvasive plants is a developing science and
requires more research to determine successful strategies that minimize negative effects on
native plant communities.

Climate change may alter vegetation and fire relationships through variousnisetha

including changes in temperature and subsequent plant phenological responses and changes in
the timing and amounts of precipitation. Climate change scenario planning may provide insights
to fire management.

53



Overall Condition

The largemixed severiy JaspefFire burned approximately 34,000 ha (83,980 ac) in the Black
Hills and approximately 95% of JE@ surface in August of 2000 (Lentile et al. 2006) rasgilt

in significant increases in groutelvel coarse woody debris (mostly classified &)0-hr fuels)

from fallen firekilled trees (D Swanson, pers. comn2010. In addition to incrasing woody

debris, the JaspeirE caused substantial changes to plant communities, reducing shrubs and
increasing exotic herbaceous vegetati@peeially Kentuck bluegrassand Canada thistle.

However, Butler (2007) expects that shrubs will begin to recover and many of the weedy plants
will die off without human intervention.

The ecological process of fire is of moderate concern in JECA. Since the vast maijibréty of
surface of JECA burned in the 2000 Jagfier, and the Hilltop and Lithograph prescribed fires
burned approximately 46%f the surface in 2008 and 2010, the fire return interval is currently
still within its historic average. However, fuel levelspesally down woody fuels, remain
relatively high due to thiasting effects of the Jasperré: Fuel reduction by prescribed burns
remains an ongoing effort in JECA, with the goal to reduce the risk of severe fires in the future.

Sources of Expertise
Mike Wiles, JECA Chief of Resource Management
Dan Swanson, Northern Great Plains Fire Ecologist for the NPS
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4.3 Native Plant Communities

Description

Most of JECAs 516 ha (1,274 ac) landscape is dominated by ponderosa pine forest communities
(Marriott andHartman 1986). Building on vegetation inventory work by previous N&§(stm

Shives, Penny KnuckleandJohn Roth), Marriott and Hartmé@n(1986) vegetation survey

found flora consisting of 393 taxa in 65 families. The authors note that this flora was
Asurprisingly diverseo consi Sentaxavgrelstedas of JE
rare in South Dakota by the South Dakota Natural Heritage Progrdarher statushaschanged

since the 1986 publicatioMost are no longer considered species of concern in the state of

South Dakotahowever, the current statuktbese taxa in terms of presence and abundance
specifically in JECAIis unavailableRefer toAppendixC for a list of these species and their

stateand global rankings.

Salas and Pucherelli (1998) created the vegetation map of JECA in ti®9Qisl

Approximately 42 and 53% of JECA was categorized as Ponderosa Pine Complex | and Il
vegetationrespectively. These complexes include multiple vegetatgsociationéTable11).
Despite domination gionderosa pine associaticsdcomplexes, small areas of other plant
associations contribute greatlyYa8CA% overall plant diversity. Salas and Pucherelli (1998)
defined 13 specific vegetation associations in JECA, including four forest associations, three
woodland associations, three herbaceous associations, one shrubland association, one wetland
community, and one disturbed communityble11) (SalasandPucherelli 1998). Refer telate

2 for a representation of area of baegetation association plus disturbed land cover classes
mapped according to Anderson Level Il land cover classesr@sglential, commercial) and
other nonvegetated classes (gbgre rock).

Table 11. Vegetation associations within JECA (Salas and Pucherelli 1998).

Vegetation Associations

Ponderosa Pine / Mountain Ninebark Forest

Ponderosa Pine / Common Snowberry Forest

Ponderosa Pine / Bearberry Woodland

Ponderosa Pine / Sun Sedge Woodland

Ponderosa Pine / Common Juniper Woodland

Ponderosa Pine / Little Bluestem Wooded Herbaceous Vegetation

Quaking Aspen / Choke Cherry Forest

Ash Leaf Maple (Box Elder)/ Choke Cherry Forest

Western Snowberry Shrubland

Little Bluestem i Grama (Side-Oats, Blue) i Threadleaf Sedge Herbaceous Vegetation
Western-Wheat Grass i Blue Grama i Threadleaf Sedge Herbaceous Vegetation
Kentucky Bluegrass Disturbed Community

Sedge Dominated Wetland Community (undefined alliance)
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Since mapping efforts in the late 1990s, the 2000 J&$peand some prescribed fires have
changed the vegetation composition in JECA. The J&3meburned nearly all of JECAyer
90%) in August 2000 (NPS 2010). Quantifiable comparisons betweearmteostire (2002,
2003, 2004) vegetation are offered byIButand Wacker (2007). This study specifically focused
on the impacts of the fire on introduced plant spediesording to a preliminary examination of
2010 NAIP aerial imagery, approximately 44% of JESRand surface iBonderos&ine

Complex I(P1) or Il (P2) vegetation types. The 1998 Salas and Pucherelli map contained
approximately 95% P1 and P2 ponderosa pine vegetation tgpesserihg a significant

reduction in ponderosa pine cover.

Butler and Wacker (2007) noted some changes in 1998epldtvegetation data (collected as a
part of the Salas and Pucherelli 1998 mapping effort) compared with data collected in 2002,
2003, and 2004. General changes observed in the sample vegetation plots were that the actual
number of broad plant community typ@sg, Ponderosa Pine/Shrub Woodland) increased from
five identified by Salas and Pucherelli (1998) to seven identified in Butler and Wacker (2007).
Despite the increase in the number of community typesadithors note that the JaspeeF
homogenizedite appearance of the landscape by creating a lack of spatial variation, therefore
blurring the lines between plant community types. The warm season grasses such as little
bluestem were significally reduced because the Jaspiee Bccurred in August, wheas

Kentucky bluegrasg& cool season grgdsecame dominant in many of the study plots.

NGPNidentifies native plant communities as a high priority resoantka Vital SignNative

plant communities act as an indicator of broad ecological change b@tantseommunity
composition is affected by many of the same stressors acting on terrestrial and riparian
ecosystemgSymstad 2004). The protocol for monitoring plant community composition is
complete. Parameters that will be monitored beginning in 20ludedrequency and percent

cover of all species and select functional groups, species richness and diversity, forest structure,
and herbaceous layer vegetation height (Symstad et al. 2011). Ongoing research through the
NGPN Fire Effects program and an isuge early detection research study are examining the
effects of fire on invasivaonnativeplant species idECA

In addition toa diversity of native plants, JECA also contains mamynativeplant species. In
1986, Marriott and Hartman documented fegtghtnonnativeplant species, specifically noting
invasive species includirigafy spurgeCanada thistleand field bindweedGonvolvulus

arvensi$. According to Marriott and Hartman (198@)ese species were considenexious
weedsn Custer CountyToday, South Dakota provides a state list of noxious weeds, defining
them as plants that are sufficiently detrimental to the state to warrant enforcement and control
measuredNoxious weedsire also listd at thdocal or county level; JECA refers to the ster
County list. Since 1986he list ofnonnativeplant specieslocumentedn JECAhas grown to 64
speciegAppendixA; NPS 2003). JECAcurrently tas three speciem the state of South
Dakota noxious weeds lis€anada thistle, Russian knapwe€eiitaurea repensand leafy
spurge and five species in JECA are CarsCounty noxious weedsoundstongue
(Cynoglossum officinajespottedknapweed Centaurea maculo3afield bindweed andbull

thistle (Cirsium vulgarg.

For this assessmemipnnativeplant diversity, abundance, density, and distribution are examined
as a way to assess the overall condition of native plant communities in BIEGAefines native
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species as those that #Ahave occurred or now
designated as units of the national parik s t MR8 @001) defiasnative plantsas

Those species that occupy or could occupy park lands directigioedtly as the

result of deliberate or accidental human activities. Exotic species are also commonly
referred to amonnative alien, or invasive species. Since an exotic species did not
evolve in concert with the species native to the place, the espsages is not a

natural component of theatural ecosystem at that place.

Measures

1 Diversity (absolute and relative diversibf nonnative plant speciego native plant
species)

1 Abundance (absolute and relative abundanceoohativeplant $ecies to natie plant
species)

1 Density (% cover)

1 Distribution (occurrence afonnativeplants acros3ECAG landscape)

Reference Conditions and Values

The reference condition for this assessment is a historic reference to a landscape prior to the
introduction ofnonnaive species. Manyionnativeplant species were introduced intentionally

for food production and aesthetic purposes since settlement of the area. Other plant species have
been unintentionally introduced.landscape without anyonnativeplants is not a realistic

expectation for managemehibwever, zermonnativeplants acts as a baseline for comparison of
current conditions and will serve as a comparison for future conditions.

Data and Methods

The primary data sources for reporting ba status ohonnativeplants in JECA include a
master plant list (NPS 208y GIS data includingionnativeplant locations (pointand
polygong, JECA annual exotic plant control wepkans and treatment summaries, alaithern
Great PlaingExotic PlantManagementeam (NGP EPMTannual reportsThese data were not
manipulatedeyondcreating tabular and graphical summaries.

Additional plot level data were collected by fire effects monitoring over the last few years. These
data were not examined for thisadysisbecausehe sample sizes were relatively small or were

not necessarily representativeJ&fCAas a whole because they were collected within a specific
burn unit.

Data and conclusions from an ongoing study (data collection to end in 2012) designed t
determine strategies for efficient early detection of invasive plants after prescribed fire will
providefurther information for the measures nbnnativeplansidentified in this assessment,

but only for a small portion (15%) dECA Amy Symstad, DaBwanson, and Wes Newtdhe
principal investigators for this projeere examining 20 target invasive species in the Lithograph
burn unit of JECA along with a few other burn unit®WitCA andDETO. Along with several
environmental factors (e,glope apect, slope grade, position on slope, forest structure, tree
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canopy cover, fire behavior), they will record frequency and cover of the target invasive plant
species in each sample plot.

Monitoring andTreatmen€Efforts

Monitoring and control ohonnativeplant species arenportant because invasive species

threaten the structural and functional integrity of natural communities (Waaikk3mith 1997
MastersandSheley 2001, as cited in Butler 2007). Likewisennativeplants are often viewed

as stressor® native plant communitidsecausehey threaten plant species composition and
community structure by direct displacement and by competing for available water and nutrients.
Symstad (2004) states the abundance and diversiyrofativeplants, both absolute and relative

to native species, is one of the greatest management concerns in nearly all NGPN parks.
Nonnativeplant species can become invasive and replace native plants, often negatively altering
wildlife habitat, reducing biologad diversity, and altering natural processes such as fire regimes,
nutrient cycling, hydrology, and successional patterns (NPS 2005).

TheNGP EPMT ad JECA stafiises anintegrated pest management (IPM) apprdaatontrol
several speciesf noxious,nonrative plantsin the parkNPS 2008)A variety of treatment
methodsare appliedincluding cultural, manuamechanical, chemical, and biological control
dependingon parametersuch as season, plant species targeted, and other considerations,
including poximity to sensitive areas such as those potentially hydrologically connected to
Jewel Cave. JECA has delineatefil e-herbicidetreatmentzoned covering nearly half of
JECAGs total acreageyherepesticide treatments abnnativeplants arenot allowed(NPS
2007b). This zone may be revisdxhsed upon new geological information (NPS 2007b)
Treatments can also include the use of prescribedbiitebeause fireeffects on many
nonnativeplantsareunknown in this systenit, is only used for a few speciés.g., Kentucky
bluegrass)Cultural treatments include methods such as seaditige plantsand irrigation
immediately following seeding hese methods help the growthdafsirablenative plants while
decreasing the opportunities fawnnativeplant grovth. Mechanical treatments used to date in
JECA include cuttingr pulling plantsandbagging seetieads. Chemical treatments involve
spraying herbicides using backpack sprayers. Biological control treatmelnide the release of
insects that feed on specific invasive plant species. For example, flea trestitfesd on leafy
spurge plantbave been usexincel998 and gall flies and stemmining weevils have beensed
as methods to control Canada thistle.

Nonnativeplant management is focused on priority species including Canada thistle and leafy
spurge(NPS 2005). Field bindweed was recently removed from the stat@Xiius weed list
and is now limited to lawn areas $ECA (R. Ohms pers. comm., 201J). Refer toAppendixD
for a list of state and local noxious weedlSCA staff manually contralonnativespecies,
document treated areas, and map ndestations. Th&lGPEPMT comes tdECAto treat
nonnativeplants each year, sometimes in both the spring and thevitidlthe exception a2006
to 2008 whenthe NGP EPMT did not visitJIECA From 2002 through 200@jtherJECA staff
and/or theNGPEPMT treated a variable number of acres for nonnative pldiatsi¢ 12) (NPS
2009).In 2009, the(NGP EPMT and JECA staftreated ovefl0.5 ha 26 ag of Carada thistle in
the area of the Hilltop prescribed fusinga new herbicide calleaminopyralid(NPS 2009)As
of 2011, no aminopyralid has been detected in the, tandgvater quality monitoring wilbe
ongoing(NPS 2009).
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Table 12. Area of nonnative plants treated and inventoried by the Northern Great Plains Exotic Plant
Management Team (NGP EPMT) (NPS 2009).

2002 2003 2004 2005 2006 2007 2008 2009 Total

Treated Areas

hectares 0.33 32.36 32.93 0.36 1059  76.57
acres 0.82 79.97 81.36 0.89 26.17 189.21
Inventoried Areas
hectares  43.30 91.01  100.82 5.60 2751 268.24
acres 107.00 225.03 249.13  13.83 67.99 662.98

JECA staff condustthe primaryinvasive plant contrahcrossIECA Each summelaseasoal
crew cus and pulls plantdyags seedheads, sprasinvasive plants, and releadaocontrol

insects. JECA staff maintasreatment records inothspreadsheet ar@lS form. The GIS data,
allow staff to revisit sites toonductfollow-up treatmentand to track the treatments conducted
at each specific site. Polygons are used to represent infestatiomset in diameter, whereas
points are used to represent sitéf feetin diameter.

Current Condition and Trend

NonnativePlant Diversity

According to a master plant species list, approximate¥y abthe total species identified in

JECA arenonnative(NPS 2003). JECA contains 323 native plant speciesnéAnativespecies

and4 species with undetermined nativitgnsidered to bBpresent irthe parkd (NPS 2003)
(seeAppendixA for a list ofnonnativeplant speieg. In addition, 16 native species and 3
nonnativespeciesarec onsi der e d f.pTherbaatér lisyalspimcledZ® n t

unconfirmed natives, 2 unconfirmadnnative, and 36 false reports. Plant families representing

the majority of thenonnativeplant species considered present in the park by the master plant
species list include Poaceae (16 species), Asteraceae (10 species), Brassicaceae (9 species), and
Fabaceae (8 species).

NonnativePlant Abundance

The abundance column tife JECA master plat liststatesiun knowno f or t he vas:
nonnativep | ant species identified. The only fAcommo
Kentuckybluegrassyellow sweet cloverNlelilotus officinalig, and cheat grasB(omus

tectorun). Butler andWacker (2007) noted particular species increased significantly in

abundance following the Jasper Fireluding the nonnativeCanada thistle and native

horseweed@onysa canadengisElymusspp, needleandthread Hesperatipa comatd, side

oats gramasnowberry, northern bedstra@glium borealg, yarrow @chilliea millefoliun), and

cudweed sageworfftemisia ludoviciana Butler and Wacker (2007) state that, while decreases
occurred in shrubs such as moumtainebark and common junipilowing the JaspefFire,

these shrubs should begin to recover as many of the early seral weedy plants die off on their

own. A new effort to update the 1999 vegetation map and some datdl@&MN efforts will

provide a bettefutureunderstanding of the changes thate occurred since the JaspéeF

Other indications ofonnativeplant abundance come from GIS data developed by JECA.
Through 2009, 8 species have been mapped in GIS (inventoried using GP.SAondsding to
thesedata, Canada thistle covers the latgesa of any mapped plant species for the period of
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recordandrepresents the vast majority of individual records (88%) in the GIS polygon data,
followed by leafy spurge at 10% of the individual records. Therefore, further discussion of
nonnativeplant sgcies density and distribution are focused on Canada thistle and leafy spurge.
Other species inventoried with consistency using polygons include field bindweed, musk thistle,
spotted knapweed, and RusskamapweedCommon tansyTanacetum vulfatewas noted in the

GIS point data in 2008 in two locationss of 2010, data for other species such as houndstongue,
bull thistle, and common mulleifYerbascunthapsu$ aresparse and incomplete.

Additional specieshat weremapped from 20022010and repesented as GIS points include

common tansy, houndstongue, musk thistle, and spotted knapweed. The point data also indicate
Canada thistle as covering the most area, followed by leafy spurge. Another species occupying a
significant portion of the total mapd area was musk thistle. Although eithemapped or
inconsistery collecedin the GIS data, otheronnativeplants of concern include common

mullein and black henbarf{elyoscyamus nig¢(NPS 2005).

Large increases in Canada thistle following the JaSpeiin 2000 were observed in JECA.

Since then (2001 to 2010), Canada thistle has continued to be prevalent in JECA. Biological and
mechanical control efforts began in 1986d a varying combination of monitoring and

biological, mechanical, and some cheah control treatments have occurred each year through
2010. GPS mapping of Canada thistle began in 2001. GPS sites of infestations have been
revisited since 200&nd new site locations were added and some deleted each year. GIS
polygons were creatddr infestations larger thanZ04x 3.04 m (0 x 10 ft) area According to

the GIS polygonghe number of unique sites GRnada thistle has been varialale hatotal

areawith a maximum of 36.7 ha (90.6 ac) in 20T@ljle13).

Leafy spurge was treated using biological controls prior to 1998. Monitoring, biolcayichl
mechanical controls were conducted from 1888ugh 2000In 2001, chemical control efforts

were added. Since then a varying mix of integrated pest management efforts were implemented
in JECA(Table14). Site numbers were first established in the 1990s, along with documentation
of treatment@andreportingof sites and acreade the JECA superintendenGPS mapping of

leafy spurge began in 2001. According to annual inventory and treatment susyheafig

spurge has been heldless thart acres across the pafiytthe number of sites haseadily
increasedTablel13).
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Table 13. Canada thistle and leafy spurge sites and total areas present in JECA by year, 20017 2010.

Canada thistle Leafy spurge
Year # of sites ha ac # of sites ha ac
2001 212 17.7 43.8 26 0.5 1.2
2002 243 18.7 46.1 34 1.1 2.9
2003 234 17.9 44.2 31 1.3 3.3
2004 247 17.9 44.3 37 1.1 2.7
2005 264 20.4 50.5 37 1.1 2.8
2006 295 211 52.2 37 1.1 2.8
2007 327 28.5 70.3 39 1.4 3.5
2008 323 31.2 77.1 38 1.1 2.8
2009 325 34.0 84.0 41 1.2 2.9
2010 344 36.7 90.6 42 1.3 3.3

Table 14. Monitoring and control activities of Canada thistle and leafy spurge in JECA,1996i 2010.

© N~ Q (o] o — N (a0} < [Xe] © N~ (e} (o2} o
()] (o] (o2} (o] o o o o o o o o o o -
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- - - - N N N N N N N N N N N

Activity
Canada thistle

Monitoring

x
x
x
x
x
x
x
x
x
x
x
x
x

x
x
x

Biological Control X
Mechanical Control

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

Chemical Control X X X X X
Leafy spurge

Monitoring X X X X X X X X X X x x

Biological Control X X X X X X X X

Mechanical Control X X X X X X X X X X X

Chemical Control X X X X X

NonnativePlant Density

JECA staff estimatethe density of selectonnativespecies in JECA during field work and
records the estimates in GIS polygon data. For most polygons each year, from 2002 through
2009, densities were estimated througktmmground observation by using four descriptive
density categorie@ising theNGP EPMT data dictionary)trace (025%), light (2050% cover),
moderate (5075% cover), and heavy (7500% cover). Some of tr@derrecords are not
categorized in the GIS data (polyggr®jerall,however, most of the total area infested with
Canada thistle in JECA during 2010 was categorized dighsity and a relatively even
proportion of areas were either not categorized or categorized as heavy, mod¢rate
densities [Figure6). Leafyspurge areas (polygons) were categorized primarily as light or trace
density with the remaining proportion of total area relatively even (noncategorized, heavy, and
moderate densitieslFigure?).
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Canada thistle

m non-categorized mheavy mmoderate mlight mtrace

Figure 6. Percentage by area of Canada thistle densities in JECA (2010). Densities were estimated by
field observation. All individual GIS records (polygons) were used for this summary.

Leafy spurge

m non-categorized mheavy mmoderate mlight mtrace

Figure 7. Percentage by area of leafy spurge densities in JECA (2010). Densities were estimated by field
observation. All individual GIS records were used for this summary

NonnativePlant Distribution

Examination of GIS data developed for the most recent year (2010), both points and polygons,
indicatedthat Canada thistle @evalenthroughoutJECA (Platel10). Ledy spurgeseemsto be

more common along some of the park roads with some larger infestations in the southeast
portion of JECA (Platel0). Other invasive plants suas Russian knapweed, spotted knapweed,
and musk thistle contain very few records, but the data are complatedaradethese species

are not prevalent in JECA. Both spotted knapweed and Russian knapweed are relatively new
invaders, first discovered alonyS. Highway 16n 2007 and 2010espectively. Musk thistle

was firstdocumentedn 2003.

Complete parkvide inventories are not conducted every ydarefore distribution is not
necessarily representative of the actual distribution of a given species He@#Sm a given
year. HoweverReneOhms (perscomm, 201] suggests that, for the primary targeted species
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(i.e., Canada thistle and leafy spurge), th& @ata are largely representative oftbe-ground
conditions in a given yeaBhealso suggests that a difficulty lies in balancing limited tand
monies on inventory, control, and measuring control effectiveness. The lastigarkearctand
inventory for invasive plants in JECA occurred during 2001 and 2002.

Threats and Stressor Factors

This section is a standard element in this document, designed to present important stressors and
threatsto a given valued resource. In this casennativeand invasive species ateemselves
stressorso the valued resource of native plant communifaging scoping of this project,

JECA staff developed the followirigt of important factors that can affect the diversity,

abundance, distribution, and dép®f nonnativeplants: fire regime, climate changes, moisture
patterns, potential atmospheric nitrogen deposition, and visitation.

1 Fire regime €.g.,fire return interval, fire severity) may affesbnnativeplant
establishment. For exampkmn extremelysevere fire resulting from large fuel
accumulations could create enough disturbdaoestablish sites for early serannative
plant species. Butler and Wacker (2007) found increases in some early seral plant species
such as Canada thistle after thep&akire in 2000. Converselyjonnativeplants could
affect fire behavior by altering fuel dynamics. For example, if the relative abundance of
nonnativeforbs were to prevent native grasses from becoming established, the type and
amount of fuel availableof firescould be altered

1 Future climate changes may alter invasive plant species mechanisms of transport and
introduction, climatic constraints on invasive species, distribution of existing invasive
species, the impact of existing invasive speciestlameéffectiveness of management
strategies (Hellman et al. 2008). Temperaumghe Northern Great Plains have risen
more tharl.1 °C @ °F) in the last century (National Assessment Synthesis Team 2000),
and climate models predict a temperature rise@t0 5.5 °C 6to 10 °F), with possibly
slightly more precipitation during this centui@ifzen et al. 2010)

1 Atmospheric nitrogen deposition from various air pollution sources is a concern in the
Black Hills. This deposition acts as a fertilizer fornglaand may affect productivity of
plant species differentially and, therefore, alter plant community composition (Allen et al.
2009).

1 Visitation creates opportunities foonnativeplants to be spread by seeds and propagules
hitch-hiking on visitor$clothing and vehicles. Visitation can also result in localized
disturbances such as soil scuffing and movement along walking trails, which could
establish sites for sormonnativeand invasive plant species.

Data NeedsindGaps

The development of a Gligased ptocol for examining the extent, distribution, and density of
nonnativeplant species or infestations would allgearto-yeardata compasons Most

important a protocol designed to monitor treatment effectiveness wouldoaidativeplant
management.ECA staff recognizethe timeconsuming nature of a comprehensive paite
inventory ofnonnativeplants to make data more comparable year tg yearever, a protocol
with a better planned repeat interval would infarranagement otine statusf nonnativeand
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invasive plant species, and thereby provide indicationthéwverall condition of native plant
communities in JECA.

Categorizng the invasiveness of individuabnnativeplant species couldelpJECA

management focus their control effoots plant species that may pose risks in terms of
ecological harm. One example of an invasive categorization, offered for a different state and
ecological context, is the plant invasiveness ranking for Alaska, developed bg@8{Carlson

et al. 2008). Aother example, relevant to the Northern Great Plains, is the Alien Plant Ranking
System (USGS 2011 cooperative effort between the NPS, USGS, Ripon Coldegk,

University of Minnesotadesigned to help land managers make decisions regarding invasive
nonnativeplants (USGS 2011). NPS (2001, as cited in NPS 2005) statesnihranativeplant

must meet several criteria to be manageahtrol up to and including eradication)

1 Interferes with natural processes and the perpetuation of natural featunes,spatiies
or natural habitats; or

Disrupts the genetic integrity of native species; or

Disrupts the accurate presentation of a cultural landscape; or

Damages cultural resources; or

Significantly hampers the management of a park or adjacent lands; or

= =2 4 -4 -

Posesa public health threat as advised by the U.S. Public Health Service (which includes
the Centers for Disease Control and the NPS Public Health Program); or

1 Creates a hazard to public safety.

Information regarding the abundance, distribution, and densrigraiativeplants not
considered noxious weeds by the State of South Dakota (or at the county level) or known to meet
the above criteria is extremely limited in JECA.

Overall Condition

While areturn to a landscape completely freenohnativeplant specigin JECA isan

unrealistic expectation, tidorthern Great Plaingxotic Plant Managemen®lan provides a

guide for park managers to fAr edustenattvehptanti mpact
communities and other natural and cultural resaur@e ( N P S 1i 2)0rBexcontinped goal is

to reduce negative effects mbnnativeplant species acrog& CAby controlthrough integrated

pest management.

Usingonly the measures obnnativeplantdensity, diversity, extent, and distributjghe

condtion of native plant communitias amoderateconcernin JECA.In JECA,64 nonnative

plant species are known to occur, comprisipgraximately 16% of the total pladbcumented
speciegincluding native plant speciesyanada thistle has emerged as the invasive species with
the largest area and greatest investment in control efforts, followed by leafy spargasés in

the area and number of individual infestatiohghistle over the last several years are noted,
whereas the overall area and number of individual infestations of leafy spurge is generally stable
over the last several years. Despite the observational categorization of individual invasive,
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nonnativeplant infestations (primarily Canada thistle and lesgdyrge), the overall density of
nonnativeplants is a data gap for this assessment.

Nonnativeand invasive plants are just one asmdeinderstanding the status of native plant
communities. Additional measures of native plant communities would helg e@@abre holistic
understanding of their overall conditions.

Sources of Expertise

Rene OhmsJECAPhysical Science Technician
Amy Symstad, Ph.D., USGSesearch Ecologist
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4.4 Bats

Description

Today, JECA supports nine spec batswesternsmallfooted myotis little brown myotis
(Myotis lucifugu¥, long-legged myotisNlyotis volan}, fringed myotis, northern myotis, big
brown bat Eptesicus fuscys, T o w n seareddbgttwarybbiatasiurus cinereus and
silver-haired bat (Anderson 198@hoate and Anderson 1997). These bat species forage near
various water sources in the park, including springs, settling ponds, and stoci\ia8ks

2011a) Cryan (1997) found that most @) bats that utilized the cave during the summer are
male. Cryan (1997) suggests that femakessonally disperse away frone tteveduring the
summer.

Bats are relatively new to Jewel Cave. The original cave entrance was small, and the strong
airflow likely would have deterred bats from flying into or out of the cave (based on observations
at Jasper Caydl. Wiles, pers. comm).2011). When the cave entrance was enlarged to permit
human entry in the early 1900s, a building at the entrance blocked bats from entering. Around
1935, following removal of entrance obstructions, bats began to utilize Jewel Cave primarily as a
hibernaculm (hibernation location)M. Wiles, pers. comm.201J).

Jewel Cave is prime hibernaculurfor bats in the Black Hillbecause oits size and multitude
of different passages.(Uigner, pers. comm201]. The hibernating colony of TownseBdig
eared bts at JECA is the largest known in thestern U.S(WorthingtonandBogan 1993 Joel
Tigner (pers. comm201) noted that Townseidsl bigeared bats hibernate at several locations
in the Black Hills, andhatthe same individuals do not necessarily esee) Cave each year due
to temperature variation and other unexplored fachMost bats that hibernate in Jewel Cave
roost at alternative locations during the summer (Mattson 1994).

Measures

1 Total number of hibernating bats by genus

Reference Conditions and Values

The JECA bat count rangésdlowing the 1992 standardized count methodoleggve as the
reference conditianThe management goal for bats in Jewel Cave is to maintain the status quo
since count standardizatioM (Wiles, pers. comm.201)).

Data and Methods

JECA staff provided hibernaculubat count data for 1992 through 201@Excel spreadsheet
format(NPS 2009h)JECA staff provided annual bat count repaithibernating babhumbers

by genus for each of the survey roufBisesedata wereextracted to aiExcel spreadshegwhich

was used to define the measure for this compoaphs and summary statistics from the bat
counts were used to describe and qualitatively assess the condition. Mike Wiles, JECA Chief of
Resources, also providegpert knowledge and interpretation of the data.
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Current Condition and Trend

Hibernating Bats by Genus

A letter written by J. Wesley Warner dated 2 December 1959 provides the earliest Jewel Cave
bat count information. This letter, which refers to counisrgo 1959, states that 3,500 to 4,500

bats hibernated in Jewel Cave (Anderson 1989). Additional survey data are available from 1959
through 1990In 1992the current count methodology was introducBdring midJanuary to

early FebruaryJECA staffgroups of two to three peopleerform bat surveys along two routes
theDungeomandMilk rivers, by couning each individual bat along both routéswever,

surveyors estimate numbers when roosting bats are in large clusters (NPS 2009a, 2011b). JECA
staff did rot survey bats in 2010 due to poor weather conditions the previous fall (2009), which
made the hibernating bats more vulnerable to disturbance.

Since 1992, yearly total counts of wintering bats at JECA (Towidsdxgleared bats and
Myotisspp) ranged beteen 1,072 and 1,604 with a mean @91l (NPS 2009b, 2001bYhe
number ofMyotisspp has remained stable compared to Towné&ehdyreared bat numbers.
Myotisspp.counts ranged from 181 to 595 with a mean of 432. Towidsdngleared bat counts
ranged fom 593 to 1187 with a mean of 862 and no clear tr¢Rdjure8). The totalbat count
from 1992to 2011indicates total hibernating bats increased over this t{Figure9).
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800 -
600 - A

—— C. townsendii
400

Number of Individuals

Myotis spp.

200 A

Figure 8. JECA bat counts, C. townsendii and Myotis spp., 19921 2011. No survey data for 2009/2010
(NPS 2009b, 2011b).
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Figure 9. JECA bat counts, total, 19921 2007. No survey data for 2009/2010 (NPS 2009b, 2011b).

Surveyors observed more hibernating bats along the Dungeon Route than the Milk River Route
every year from 1997 to preseRiqure10). Most yearsthenumber of bats hibernating @ach

route fluctuatd (Figure10). Following the 2004/2005 an@008/200%ears of paritythe number

of bats located in the different routes diverge shafpilgure10). The distribution pattern of the

bats is lilely an artifact of the microclimate in the cave. While bats usually prefer the Dungeon
Route mild wintersmightencourage a more even dispersal of daisthis hypothesis is

unexplored 1. Wiles, pers. comm.201]). Alternatively,during mild winters b might utilize
hibernacula other than Jewel Cave that ofii@ilar or better conditionsJ( Tigner, pers. comm).

2011).
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Figure 10. JECA bat counts, by route, 19977 2009. No survey data for 2009/2010 (NPS 2009b, 2011b).

74



Threatsand Stressor Factors

Joel Tigner (pers. comn201]) noted that one of the greatest threats to bats in the Black Hills is
disturbance during hibernatioHibernating bats wilbftenavoid disturbances by locating areas
within a cave that are void of humamrsother threats that cause arougakse locations, aside

from being free from disturbances, have a specific range of temperatures and humidity that allow
the bats to enter hibernation safely and successfully. If humans happen upon hibernating bats and
create a disturbance, an energetically expensive arousal yeatdtsan burn fat equivalent to 67

days of torpor during such events (Thomas et al. 1381) fequent disturbances at a roost

colony often result in the batelocatng. While relocation educes the threat of disturbance, the

bats typically hibernate at an alternate locatiath a less than optimal temperature rarayel

hence a higher risk of not surviving the winter (Tuttle 2003).

Natural predators of bats often include skunks, raccamagkes, feral cats and dogs, and some
raptor species (particularly owls). Most predators feed opportunistically on bats rather than
specialize on bats as a primary prey species. When present in an area, feral cats gnestent a
risk to hibernating batgpulationsIn fall 1997, one feral cat killed approximately 250 bats at the
JewelCaveentrance over several weeks befaneas captured and dispatch@dl Wiles, pers
comm, 2011).

White-nose syndrome//NS; Photo
5), the most significant threat to bat
populations in the United Stategas
first discovered in four caves in
Albany, New York in winter 2006

were well studied before the WNS '
outbreak After theoutbreak colonies & )
of hibernating bats in these caves lo¢ ™ =
811 97% of their populatios (USGS .+~
2010). Bats are adapted to high rate:
of survival and produce few
offspring, soit is unlikely that the
affected batpeciewill quickly
recover (USGS 2009).

Initially, scientists could not Photo 5. Little brown bat affected by White-nose syndrome
determine what was affecting bats inhanging a_t Gree!ey Mine in Stockbridge, Vermont. (Courtesy

these cave colonies. In summer 200°" Katherine Whittemore, USFWS).

however, scientists identified a

previously unknown species of cetlariving fungus Geomyces destructang his fungus thrives

in low temperatures (34 °C) and high levels of humidity (>90%), conditions that are
characteristic of the bodies of hibernating bats and the caves in which they hibernate. Although
WNS was named for the obvious symptom of white noses on infected bats, the most vulnerable
part of the bats that are often infected are the wings (USGS,204i¢h make up about 85% of

a bat ds t ot alHedtloydving nseonbranes are vita to balieyhelp to regulate

body temperature, water balance, and flight (USGS 2010).
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Batsinfected with WNS experience a disturbance in their hibernation arousal patterns. Typically
bats will store large amounts of fat prior to hiberngtaomd most of tatenergyis used up during
natural arousals during the winter. During these natural arobsdswill consume up to 90% of

their stored fat to warm up their body, urinate, drink, mate, restimulate their immune system, and
relocate their roost within the colony (USGS 2010). When WNS irritates bats enough to bring
them out of torpor, bats can ront of stored body fat and starve.

WNS s notcurrentlypresenin South Dakotahowever, as of May 2001, WNSoccuredin 16

states (Connecticut, Indiana, Kentucky, Maine, Maryland, Massachussets, New Hampshire, New
Jersey, New York, North Carolina, OhPennsylvania, Tennessee, Vermont, Virginia, and West
Virginia) and in four Canadian provinces (New Brunswick, Nova Scotia, Ontario, and Quebec)
(USFWS 201} In addition, the fungus associated with WNS exists in tbteerstates

(Delaware, MissouriandOklahoma) (USFWS 2011Among the species hardest hit by WNS

are little brown batsMyotis lucifugu$, which arepresent inIECA The sudden and widespread
mortality associated with WNS is unprecedented for hibernatingviaksspread disease

outbreaks hee not been previously documented (USGS 2009).

Fire also poses a threat to the bat population at JECA. Fire was a natural process in the Northern
Great Plains, buichanges in vegetation brought about by fire suppression and altered land uses
over the pastentury may impact fire dynamics and, therefore, species respg8semidt et al.

2004) Because species responses are unknown, Schmidt et al. (2004) suggest that burns should
be small and applied on a rotational basis. In addition,go@ postourn surveys for small

mammals and bats should be employed to better understand how spe@eastarg to fire.

Theyalso suggest that surveys take place during periods other than lactation and maternity,
preferably in late fall.

Data NeedsindGaps

No active bat managemeturrentlyoccus at JECA because bat counts have been relatively
stable sine 1992. Data needs for this component are tied to future stressor mitigagbn.
Tigner (pers. comm201]) noted that the most important determinates of cave use by bats
during a given yeaaremicroclimate and absence of disturbar@etrent microclimge

monitoring at the cave entrance is inefficient because of an unreliable power supgiyot300
extension cord with no backup) (M. Wiles, pers. con#@1Q. Installingreliablepower and

data transfer lines to service the Jewel Cave entrance waldrealtime data capture possible
andenhance cave microclimate monitoring capabilities.

A power source wouldlsostrengthen cave entrance security because remote surveillance would
always be possible. Breaiis are not an overwhelming problem in Jewel € hut the

sensitivity of hibernating bats to humaregences a reason foconcern . Wiles, pers. comm).

20117).

Power would also enable infrared monitoring of hibernating bats. Jewel Cave bats move during
hibernation, but intensive monitoring of thesevements is not possible without disturbing the
bats. Infrared monitoring would give JECA staff the ability to document normal hibernation
behavior and the capabilitg detect abnormal behavior egriyhichcould prevent problems

related to disturbancelimate change, or other stressors prior to significant harm.
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Reattime microclimate data would expand the knowledge of bat behavior and tlie cave
suscetibility to climate changeM. Wiles, pers. comm.). Bat hibernation patterns likely

correlate to temgrature, pressure, humidity, and airflgviMoore et al. 1996Cryan 1997 M.

Wiles, pers. comm.; J. Tigner, pers. comm.; J0Atcurate readings of these parameters could

help explain yearly changes in bat counts. These data could also determine aed estter

mass exchange at different time intervals, providing a better understanding of climate change and
the basdresponse to its effects.

Currently,no current researdl examining the summer usage of JECA for breedimdg)
roosting. Cryan (199&xamined this, but an update of this study could benefit management.

Overall Condition

The bats of Jewel Cave are in good condition. Since the standardization of survey methodology
in 1992, bat populations have not fluctuated in an unusual manner. Hobesause of the
potentialof continued westward spread\WWiNS, the JECA staffshouldcontinue monitoring the

bat colony. In addition, continued consideration of hibernatingbatsitivity to disturbance is

a priority for ensuring population health ftvetBlack Hills.

Sources of Expertise
Joel Tigner, Bat BiologisBatworks, LLC
Mike Wiles, Chief of Resource Management, JECA
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4.5 Cave Microclimate

Description

As part of theNPSmanagement program to achieve desired future conditions, NPS monitors
cave microclimate and determsiés relationship to natural conditions (NPS 2007). In a general
sense, microclimate is a local atmospheric zone wherelithate differs from the surrounding
area, which can be within a few square feet to as large as many square miles. Four variables
describe the microclimate in a cave environment: temperature, pressure, humidity, and wind
velocity. With respect to Jewela@e, the microclimate can change in the walkntrances and
near tour routes as indicated by various studies completed in Jewel Cave.

Measures
1 Temperature
1 Barometricpressure
1 Humidity
1 Wind velocity

Reference Conditions and Values
No information isavailable regarding pf&908 cave microclimate conditions.

Data and Methods
Studies explaining Jewel Ca®amicroclimate were used for this assessment. No data were
compiled or manipulated for analysis.

Current Condition and Trend

Temperature (overall heaxchange)

Moore et al. (1996)leterminedlewel Cavés ambient air temperature to ®€°C (49 F). A

2004 study conducted by Marc Ohms, NPS Physical Science Techaici®¥md Cave National
Park concluded that temperature fluctuation from artificigihting raises the temperature
immediately around the fixtures but does not affect a larger area (NPS 2007). However, cave
tours increase the localized cave temperature by as mactiFdsr up to2 hours following a

tour (NPS 2007). Wiles (1998) documeditsimilar effects at Jewel Cgwand Dr. Andreas

Pflitsch, ProfessqrGeography Department at Ruhr Univers®ermanydetermined that long
term impacts do not extend beyond a0 feet of the tour routes.

Overall heat exchange is a function of thedfic heat contained within the air massrfiposed

of a dry air component and an absolute humidity component) and the net movement of the air
mass over time. The exchange of heat occurs throughout the year. During the winter months, the
caves temperatures greater than the average outside temperature; as a result, warmer air exits
and cooler air flows into the cave. In the summer the exchange of heetag{Conn 1966An

NPS study on overall heat and moisture exchange in Jewel Cave is underwasutincre

pending M. Wiles, pers. comm).2011).
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Pressure (air exchange)

Another factor that affects cave environment is the change in barometric pressure. Conn (1966)
determined that entrance winds at Jewel Cave originate from barometric pressure tilhages.
barometric pressure rises, air flows into the cave to equalize the pressure, and when pressure
drops, air flows out for the same reason. During the study, airflow reversal octtimes a

dayin Wind Cave and. to 1.5times per dayn Jewel Cavelewel Caveequiresabout 24 hours

to equalizeonehalf the air. As an examplen Jewel Cave,rbm a neflow state, if the mercury
rises0.25inch and then steadieay will continue to blow fomore than 2lays before the wind

drops tol mi/hr (Conn1996)

Humidity (overall moisture)

Between 1984 and 1985, a temperature and humidity impact study at Wind Cave examined
natural entrance tour routes and waldlentrances (NPS 2007his study showed thannatural
airflow through openvalk-in entrance causedemperature fluctuatioregpproximately600 feet

into the cave anth one yearemovel morethan 100,00@allons of water from the cave air,
fisignificanty affectingnatural humidity levels ( NPS 2007) . Subsequent
doors has efinated all detectable impad#l( Wiles, pers. comm.201). Wiles (2008) reports
similar observations at Jewel Cave in 18B36, but noted very little change in relative

humidity along the scenic tour route, and no water loss from evaporation panghefcave for
lyear.

Overall moisture exchange is a function of the absolute humidity contained within the air volume
and the net movement of the air volume over time. The exchange of moisture occurs throughout
the year, with air always leaving the eaat nearly 100% relative humidity and entering the cave

at lesgshan 100% relative humidityM. Wiles, pers. comm).2011). The NPS study examining

overall heat and moisture exchange in Jewel Cave will provide more informatt@ven

humidity in the futue.

Wind Velocity
Within Jewel Cavewind velocity has been measuredmbre thar85 mph(M. Wiles, pers.

comm, 201). Since 2001, the lowelocity component has been measured at the historic cave
entrance (Pflitsch et al. 2010) in the range 4@ to 40 dn/s § 0.45 to 0.45 mph). Aiflow

events measured at the historic cave entrance exhibit strong variations in speed; up to 1 m/s (2.2
mph) every minute. The authors note little variation between winter and summer velocities and
that the velocities are shapby arometric processeBemperature is also important in

determining specifiairflow patterns and the volume of air exchanged in and out of the cave.

Cave winds can continue in one direction for three straight days or more and then reverse
direction (Conn 1966)Andreas Pflitsclobserved continuous flow in one direction foorethan

seven daysM. Ohms pers.comm, 2011).

Frommeasurements taken atvdd Cave, Pflitsch et al. (2010) conclude that the Jewel Cave
System has a volumetric size of 4@8@lion m? (14.1billion ft3).

Somedata gapsccur due tassues witlthe instrumentatiolh power supply. An uninterrupted
record of wind velocity isequiredto establishanairflow mass balance and calcaéte né
exchange oénergyand water . Wiles, pers. comm.201]). The park is pursuing a project to
establishareliable power supply to meet this need.
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Threats and Stressor Factors

Studies confirmhat added lighting and visitation increase temperature and biota growth along
tour routes (NPS 2007). Electrical systeanslother stressors impact a caecosystem by

adding heat to the cave, which advances algal growth (NPS 2007). Jewel Cave accommodates
more tharB0,000 visitors each yeaNiles (1998) reports calculations By. Neville Michie,

Director of the Michie Cave Research Laborattingt huma body heat contributesiore than

40% of the total heat input at Jewel Cave during the summer tourist stesstgmaining 60%

is introduced by the electrical lighting systékh. Wiles, pers. comm.2011).

A 1996 cave biota and trophic interaction studgaucted along Jewel Ca®dour routes

showed that human activity increased carbon and nitrogen levels (Moore et al AKO@6jtors

pass through the cave, they shed skin and lint fibers from clothing. Condensation that forms on
these fibers can diss@ cave surfaces and minerals that increase carbon and nitragercave
ecosystem. Humaradso contribute tannaturally high cave biota populatiomgbringng in

nonnative specieicreaig levels ofbacteria, fungi, protozoa, nematodes, and mitnoapods
along tour routes (Moore et al. 1996).

No dataareavailable regarding climate change in JECA.

No dataareavailable regardingnthropomorphichanges of cave passages in Jewel Cave.
However,a study conducted by Andreas Pflitsshpending

Data NeedsindGaps
1 A continuous record of wind velocity with no data gaps

1 Overall heat and moisture exctuge is in progressv. Wiles, pers. comm.201)

1 Andreas Pflitsch is completing a summary of his research tdtdgtiacludes
observations wthe human impactn caves 1. Wiles, pers. comm).201)).

1 A potential need may include a spatieD3nap (ArcScene) illustrating locations and
extent of impact to cave biota and mineralogy from wind, cave lighaimd) tour
locations

1 Andreas Pflitsch hasollected7 years ofmicroclimate data for Jewel Catlgatshould be
used in future assessments. He is curramtiypletinga final reportof his findings.

Overall Condition

Studiesfrom the 1990s through 200% Jewel Cave and at nearby Wind Cave indi¢htt
localized impacts to cavesnsignificantlyalter cave ecosysternbsit are limited to entrances,
tour routes, and the their immediate vicinity (Moore et al. 1996; Wiles 1998,.ZGfi8perature
fluctuations caused by cave tours, lightiagd elecical systemslter cave biota and mineral
resourcegWiles 1998) artificial cave entrancesreate wnd velocity linked to temperature and
pressure changéisat impactocalized cave humiditievels (Wiles 2008);and human lint fibers
increase biologic imgct (Moore et al1996).Although studies indicate localized microclimate
change®ccur naturallythe trend of visitation and its effects on biota, temperatume humidity
may create the potential for a worsening trend in the condition of thésaaieoclimate. There
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are no known microclimate impacts in thiner99% of the known cavéM. Wiles, pers. comm).
2011J). Broadscale impactssuch as those that could be caused by climate change, are as yet
unknown.

Sources of Expertise

Mike Wiles,JECAChief of Resource Managemeiarc Ohms, NPS Physical Science
Technician, at Wind Cave National Park d&»d Andreas Pflitsch, Profess@eography
Department at Ruhr Universjtgermanyalsoprovided information.
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4.6 Drip Sites

Description

Water is deposited in Jewel Cave at a number of drip sites after infiltrating through the soil and
bedrock layers above. Water is rare within the ca@e25% of known cave passages contain
water esources (NPS 200N. Wiles, pers comm, 2017). Drip sitesare susceptible to water
quality degradation frommontaminants, includinghloride nitrate, angesticide. A variety of
sources contribute to degradatiorcluding storm water runoff from impermeable surfaces,
pesticide treatment of exotic plants, amdgmtial sewage line leaks. Although potential impacts
are not well understood, JECA considers water quality and quantity to be critical factors in the
cave environment (NPS 2007). Cave and karst systems are strongly related to local and regional
hydrology so any threat to water quality, quantity, or natural hydrologic patterns could impact
cave biota, mineral deposits, and speleothems (NPSRF®BUr drip sites within Jewel Cave

are used for drinking water for cavgtiserefore nutrient and chemical @@mtrations must be

within drinking water standards.

Measures
9 Chloride concentrations
1 Nitrate concentrations
1 Pesticide concentrations

Reference Conditions and Values

Drip sitesthatare unimpacted bghloride or nitrate andontainno pesticideserve ashe
reference condition for this componeNbrmal background chloride concentrations are <5.0
mg/L in areasot influencedy surface developmerdnd he highesbackgroundhitrate
concentration is 2.0 migf therefore, ges with concentrations exceedithese values would be
considered impacted/. Wiles, pers. comm).2011).

Data and Methods

Approximately 75 discretérip sitesoccurin Jewel CavéM. Wiles, pers. comm.201]). Results
from water quality studies conducted at JECA, includiage atawe drip sites, arlocatedin
theU.S.Environmental Protection Agen®ySTORET database. Chloride and nitrate data have
been collected in Jewel Cave since 1985 in multiple stuaiesell as longerm monitoring
conducted by JECA. Three cagep sitesare monitored by JECA lonaternt the Dungeon

Room, New Wet Room EafflWE), and a site referred to #e AJCAO site, adjacent tahe

Wild Caving Tour routen the caveThe monitored sites were selected basethein

accessibility and historicontamination¥1. Wiles, pers. comm.201J.

Alexander et al. (1989) published the first water quality measurements for cave drg sites
JECAfrom 1985 to 1988NPS (2000) analyzed existing water quality data for JECA through
1998,including data from th three longerm monitoring siteswilliamson (2008) analyzed this
datasetin more detaibnd calculated average concentratifundifferent chemical constituents
across altavedrip sites.
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Pesticide dathavebeen collected occasionally at certain Je@asve drip sites to test for any
infiltration of chemicals used in JECA or on adjacent land. Unpublished results of recent
herbicide testingNPS2003, 2006, 2009) were provided by JECA.

Data collected after 1998venot been entered into the STORETalese antlavenot been
analyzed in any publicatioGeoSpatial Services used data provided by JECA from 1991 to
2010 to calculate mean concentrations of chloride and nitrate over this time period at the three
monitored drip sitef?hoto6 shows a technician collecting a water quality sample at a drip site
in Jewel Cave.

Current Condition and Trend

Chloride Concentrations

Alexander et al. (1989) found wide variability
in chloride concentrations at Jewel Calvigp
sitesduring their 19830 1988 studyDrip sites
isolated from surface development had very
low chloride concentrations 10 mgL. The
NWE and Dungeon Room sitbad the highest
chloride concentration§0 to 65mg/L and 111
mg/L, respectively. Sites associated with the
sewage lagoon had concentrations between
and 40 mdL (Alexander et al. 1989).

Nepstad and Wiles (1993) conducted water
guality sampling in Jewel Cave between 199
and 1993 and found elevated chloride levels |

Photo 6. Collecting a water quality sample at a
areas below surface developmeniECA Jewel Cave drip site (NPS).

Chloride concentrations ranged betw&eand

200+ mgL in the Dungeon Room, which may

be hydrologically linked to a surface spring adjacent to U.S. Highway 16. Concentrations
reached 20+ my/at sites near the visitor center, with chloride levels decreasing awayteo
center (NepstadndWiles 1993).

NPS (2000) summarized chloride data for the Dungeon Room and JCA site between 1991 and
1998, andNWE between 1991 and 1994. The Dungeon Room had the highest mean chloride
concentration at 17ag/L; NWE had an average concentration of@§/L; and the CA site had

a mean concentration of 4.86 mmdNPS 2000). Chloride levels in the Dungeon Room dWE
weresignificantlyhigher tharthe natural background level of €3ng/L, likely because of
hydrologic connections to surface development where saltfroaofinfiltrate.The Dungeon

Room is suspected to be impacted by salt in highway runoff, and N¥Spectedo be

impacted by a sewer line leak or as a residuphct from a previous leakX Wiles, pers.

comm, 201J.

Williamson (2008) analyzeexisting STORET data through 1998 and noted high chloride
concentrations at three sites: Dungeon Room, Mezzanine, and Near Bacon [N&xy
These sites also showed high variability between samplégre suspected to be impacted by a
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leaking sewer line orsaa residuaimpact from a previous leaki; Wiles, pers. comm.2017).
Williamson (2008) found total chloride average of 31.6 nhgior all drip site samples through
1998. This mean value is higher trexpectedackground levels due to sites such as the
Dungeon Room that exhibited significantly higher chloride concentratimpsicted sites are
also sampled much more frequently, biasing the mean value toward sites with high
concentrations.

Betweenl991and 2010, mean chloride concentrasiaverel64mg/L for the Dungeon Room
48.6mg/L for NWE, and6.63mg/L for JCA(NPS 2011, unpublished datahese
concentrations are basically unchanged from the earlier dataset analyzed by NPS (2000).

Nitrate Concentrations

Alexander et al. (1989) found that Jewel Ealip sites generally contained low nitrate
concentrations. The highest concentratj@8 to 6.2 mg/Lwere measured in 1985 under the
sewage lagoon prior to the lining thielagoon in summer 1985. The High Water site, which lies
below the lagoon, wagsampled in 198§ielding a concentration of 3.54 nhg/down from

5.82 mgL in 1985 butstill high compared to the average for Jewel Cave (Alexander et al.

1989). Water in the sewage lagoon was known to leak into the bedrock prior to its reconstruction
in 1985 and may have contributed to the ated nitrate concentration&léxander et al. 1989

M. Wiles, pers. comm., 2011

Nepstad and Wiles (1998)und that nitrate levels rarely exceedet 32 mgL on average in
Jewel Cave. Concentrations were notably higher at sites located close to surface development but
were within the normal background range at undisturbed drip sites (Nepstédles 1993).

NPS (2000) analyzed nitrate data from various cées,dncluding the Dungeon Room, NWE,

and the JCA site. Between 1991 and 1998Diwegeon Room had average total nitrate
concentratiorof 0.637 mg/j between 1991 and 199MWE averagd 1.166 mgL; andbetween

1993 and 1998he JCA siteavera@d0.843 mgL (NPS 2000). Williamson (2008) analyzed the

same dataset and found an average total nitrate concentration for all measured cave drips sites of
0.7 mgL.

Between 1991 and 2010, the mean nitrate concentnatisf.71 mgL for the Dungeon Room

drip site;1.38 mgL for the NEW drip site 0.64 mgL for the JCAdrip site (NPS 2011,

unpublished dataNitrate concentrations at these sites have remained fairly stable on average
since the previous analysis conducted by NPS (2000

Pesticide Concentrations

The primary pesticides of concern in JECA are herbicides used above the cave to control exotic
and invasive plants. The most problematic herbicidethasethat are mobile in the
environment and hav ets, ianidarehighldpemsistgnt higolysolule,®rf f i c i
botho (NPS 2007). JECA has records detailing
20092010in and aroundECA, and subsequent water quality testing results for compounds at

cave dripsites Table15, Table16, andTablel7). Herbicides usedithin JECAboundaries
includeaminopyralid clopyralid,glyphosateand imazapi¢gNPS2003, 2004, 200%). Picloram

and2,4 Dhave been applied the vicinity of the cavey USFSand Custer CountfNPS2003,

2004, 200%). Dicamba was found in trace amounts in one water sample from 2004, although

87



there were norkown applications by JECA or local agencid®§2004; R. Ohms pers.
comm, 201). Picloram is an example of a highly mobile herbicide that has umssin the
vicinity of JECA

Table 15. JECA hydrologic herbicide testing in 2003.

Clopyralid Imazapic
Site ID Site Description Date (ppb) (ppb) 2,4 D (ppb) Picloram (ppb)
e e 52902003 pldits Detecied
NWE  poomisst 622083 padie petecied
ME e 6192003 podiig Detected
NWE  poomEast  O232003  pealty petected
HW  High Water 7/2/2003 otone
e (o More 7/3/2003 otone 0.261
Table 16. JECA hydrologic herbicide testing in 2004.
Site Clopyralid 24D Picloram Glyphosate Dicamba
Site ID Description Date (ppb) (ppb) (ppb) (ppb) (ppb)
LMC e 5252004 00l bewected  Detocied  Detocted
tmc oMo 71004 TONE <0020 O otone <0.020
LMC e TI004 ol <0020 ity Detected
LMC e ¢ 8812004 ol pected  Detecied  Detected

88



Table 17. JECA hydrologic herbicide testing in 20091 2010.

Site Date Aminopyralid (ppb)
High Water 8/19/2009 None Detected
New Wet Room East  8/19/2009 None Detected
High Water 9/14/2009 None Detected
New Wet Room East  9/14/2009 None Detected
High Water 10/15/2009 None Detected
New Wet Room East  10/15/2009 None Detected
High Water 11/3/2009 None Detected
New Wet Room East  11/3/2009 None Detected
High Water 1/25/2010 None Detected
New Wet Room East  1/25/2010 None Detected

Threats and Stressor Factors

The sewage lagoon in JECA lies above cave passages and has leached contaminants into
groundwater in the past. The lagoon was unlined prior to E®%ying water to seep into

underlyirg limestone for 1@ 15 years . Wiles, pers. comm.201)). It is believed that raw

sewage water from the lagoon did not enter the cave passages, although Alexander et al. (1989)
detected elevated nitrate and chlofielels inside theave beneath the lagoav.(Wiles, pers.

comm, 201). The sewage lagoon is no longer thought to be a threat to water quality; however
the lining beneath the lagoon is an impermeable surface over the cave, potentially restricting
naturd infiltration that may have occurred prior to the construction of the sewer lalybon (

Wiles, pers. comm.2017).

Road salt is a likely source of chloride contamination to cave drip sites from nearby impermeable
surfaces. U.S. Highway 16 passes throdgBA over known cave passages and out3iieA
boundaries over additional passages. @Gatpick up salt from the highway drip water onto the
parking lot which can then runoff and infiltrate the cave. Salt runoff likely contributes to

elevated chlorideeglvels that have been detected at a number of cave drip sites (NPS 2007).

The presence of exotic plant species in JEGAlddegradevater quality isidethe cave due to
herbicide applicationdECAuses an integrated pest management approach for noxamis pl
control which includes utilizing mechanical removal and biocontrol methods; herbicides are
only used in JECA if these opti ofessticle e not fe
treat ment z on e ¢halttlevolraieanqECAtd pydedt theomo& sensitive
areas; this zone may be redefined in the future based on new geological info{iB&R2007

M. Wiles, pers. comm).201]). The main plant species treatedhwhiierbicide are Canada thistle
and leafy spurge. The most recent herl@@gplication in JECA was aminopyralid used on
Canada thistle; none was detected in cave sampling (NP%,2008b). Herbicide applied on
land adjacent tdECAhas infiltrated into the cavia the pastproving that land use activities
outside of JECAoundaries can impact the caddPS2003).

Data NeedsindGaps
Data collected since 19%tvenot been entered into the STORET datapaséd there are no
published analyses of this informatidhcompaison ofall existing drip site water dataould be

89



usdul to construct longerm trends and potentially correlate data with land use activities and
changes.

Overall Condition

Chloride concentrations have shown the widest variability of the measures for this component.
Most cave drip sites are not associateith surface development and have low chloride
concentrations; however few sites have shown much higher relative concentrations. These
sites are considered impactédt the effects of high chloride levels on cave resources are
unknown. Chloride concergtions are of moderate concern.

Nitrate concentrations at drip sites in Jewel Cave tend to be low, with the highest recorded levels
occurring in the 1980s beneath the unlined sewage lagoon. Currently, nitrates remain low
indicating that sewage leachirgno longer an issue at JECA. Nitrate concentrations are of low
concern.

Pesticide concentrations are generally undetectable at drip sites within th€reaherbicide-

4 D, which has been used on surroundifgfSland and by Custer County, was detectelbw
concentrations in a few samples taken in 2003 at the Lots More Cave site. Dicamba was detected
in one sample in 2004 at the Lots More Cave site. These findings represent a min@rshort

impact from pesticides on cave drip sites. Aminopyralid m@setected in sampling conducted

in 2009 and early 2010. Pesticide concentrations are of low concern

Sources of Expertise
Mike Wiles, JECA Chief of Resource Management
Rene Ohms, JECA Physical Science Technician
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4.7 Changes in Infiltration

Description

Infiltration is a complex hydrologic process at JEAtaffects water quatity and quality

within the cavelnfiltration changeslue to development and surface vegetation charages
influence speleothem developmamidcave biotad NPS 2007)Vegetation cover greatly affects
the amount of evapotranspiration that occurs onahddcape and therefore the amount of water
available for infiltration into theave at drip sites. The Jaspé@weFof 2000 dramatically altered

the landscape at JECA, causing greater than 60% mortality of the ponderdsagshatlECA
and altering soiinfiltration characteristics.

Measures

1 Permeability

Reference Conditions and Values

The reference conditidior this componenis defined as unimpacted drip sites within Jewel
Cave. There are currentipout 75 knowrcave drip sites, four of which are monitored by JECA
(NPS 2007M. Wiles, pers comm, 201]). The volume of water deposited at drip sites could be
altered if infiltration processes change.

Data and Methods

Primary sources of information for this componeete theWiles (1992) study of infiltration at
JECA and Wind Cave, the JECA Cave and Karst Management Plan (NPS 2007), and personal
communication with Mike Wiles

Current Condition and Trend

Permeability
Permeability measures tkdegree otonnectivitybetweerpores in the soil and underlying

bedrock, and in the caséIECA, cave passages as wall. Wiles, pers.comm, 2011J).

Adequate permeability must exist for water to infiltrate through the soil and bedrock to reach the

cave alocalizeddrip sites.The soils at JECA are classified as wdthined and therefor¢hey

are not easily saturated and rarely produagacerunoff. Thefive different soil units in JECA

are described as haviigmo der at e 0 t o A mabiléyrranging from 086Pi d 0 per
inches/hr (NPS 2007).

Infiltration into Jewel Cave is distributed unevenly beneath three distinct zonedaridiseape.
These are defined as the zone of restricted infiltration, the zarmmtihuous infiltration, and the
zone of sporadic infitation, which have widelyarying rates of infiltrationKigure11; Wiles
1992).Mike Wiles (pers observ 2010)observedhatthe Minnelusa formatiorfwhich overlies

the MadisorAquifer andthe majority of Jewel Cavepntainsan impermeable layeabout 10

feet above the top of the MadisAquifer, which preventsvater from infiltratinginto mostof

the caveHe hypothesizes that the water moves laterally over the impermeable layer until it finds
a fracture or erosional breach that allows access to théMamelusa and the Madisdquifer.

In areas where there is no surface disturbamoee tharfD7% of meteoric water

evapotranspirates before it can move beyond theModt of the water that infiltrates into the
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cave enters through outcrops of thmestone andChertsulunit (subunit Il)and thelLower
Sandstonesulunit (subunit ) within the zone of continuous infiltratiqiwiles 1992).

Figure 11. Infiltration model for Jewel Cave. Subunit | = Lower Sandstone and paleosol; Subunit Il =
Limestone and Chert; Subunit Il = Sandstone with Limestone Cap. Other subunits not present in the
immediate area, although some of these subunits are present within JECA. This figure does not display
evapotranspiration, which is 97% in all zones except the continuous and sporadic zones. Strata tilt slightly
to the left, which is indicated by the left-facing arrows representing flow in the figure (modified from Wiles

1992).

Minnelusa Formation (subunits 1-3 represented in Figure 11)

subunit VI

subunit V

subunit IV

subunit 11

brecciated sandstone, limestone, and anhydrite (top of unit not found in map area)
tan, buff, yellow to red, brecciated sandstone; thin beds of unbrecciated limestone and
sandstone; limestone contains fossilized brachiopods

varicolored sandstones, ~ 120 feet thick
bright red, yellow, and light tan, fine to coarse grained sandstones; light blue-gray chert
balls near bottom; limestone near base weathers like upper dolomite of subunit IV

interbedded dolomite and sandstone, ~ 120 feet thick

basal calcareous medium to coarse grained sandstone; basal sandstone is 1-5 feet thick;
other sandstones may be bright red and yellow in places; top of unit is white slabby
dolomite commonly with manganese dendrites; unit weathers into colluvial slopes

sandstone with limestone cap, ~ 120 feet thick

- lllm limestone cap, ~ 30 feet thick
sometimes very sandy; silicified fossils of Chaetetes milliporaceous form
distinctive marker on upper bedding surface; subtle outcrops; on steep slopes,
often covered by float of subunit IV
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