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Publisher’s Note: See Prologue for information regarding the delayed publication of this report.

Executive Summary
A subset of natural resources at Timpanogos Cave National Monument was assessed for current
condition. All available information, data, and expertise were utilized to determine resource
condition and to evaluate whether the condition was stable, improving, or deteriorating (trend). A
level of confidence was also provided for each assessment. Results of this assessment are presented
in detail in Chapter 4, and discussed in Chapter 5.
The resources assessed are organized into three ecological zones within TICA: caves, upland, and
riparian. Resources associated with the caves were found to be in the best condition overall. Cave
water quality, cave formations, and the watershed that feeds the cave were found to be in generally
good condition, while cave climate and microorganism communities were assessed as being in
moderate condition. Confidence in the assessments for most cave resouces is high.
The relative isolation of the caves along with diligent management have likely resulted in a high
level of protection of cave resources. The caves are at risk from continued human presence, though
these risks are identified and mitigation measures in place in most cases. Global climate change may
negatively affect cave climate and cave water supply in coming decades.
Upland resouces are generally in moderate condition, though data are lacking that would allow high
confidence in these assessments. Vegetation communities are threatened by impacts of climate
change including recurring and severe drought and invasive plant species. Very little information
exists to determine the condition of resident small and medium-sized mammals or mammal
communities overall. Bat species diversity appears to be high, and one bat species of concern—
Townsends big-eared bat—seems to be present in expected numbers. Confidence in these
assessments is low, however, due to the absence of sufficient data to evaluate the status of any
species or group.
Riparian resources are in moderate to poor condition due to altered hydrologic function and human
impacts to the riparian community along the American Fork River. Habitat integrity outside of the
caves is moderate to poor given the presence of the highway that bisects the park, and high
recreational and commercial use throughout the canyon. Impacts from artificial light at night and
anthropogenic noise are unmeasured but are likely increasing. Confidence in assessments for riparian
and habitat resources is generally moderate to low.

xv

Prologue
Publisher’s Note: Changes in publishing requirements, and in some cases scientific delays, resulted
in several NRCA reports not being published in a timely manner. Since Natural Resource Condition
Assessments provide a snapshot-in-time evaluation of park resource conditions, it is important to
note that data discovery and analyses for this study was conducted a few years prior to publication.
Park conditions reported in this document pertain to the approximate timeframe of 2006–2013.
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Chapter 1. NRCA Background Information
Natural Resource Condition Assessments (NRCAs) evaluate current conditions for a subset of
natural resources in national park units. NRCAs also report on trends in resource condition (when
possible), identify critical data gaps, and characterize a general level of confidence for study findings.
NRCAs represent a relatively new approach to assessing and reporting on park resource conditions.
They are meant to complement—not replace—traditional issue—and threat-based resource
assessments.
All NRCAs have several characteristics in common. First, they address only a subset of natural
resource issues in each park. Resource topics are selected by a team of park staff and outside experts
based on a variety of criteria including legal status, management need, and available data. For each
resource assessed, NRCAs include a description and background information, definition of the
reference condition(s), descriptions of data and analysis methods used, evaluations of level of
confidence for each assessment, and identification of information gaps and research that would be
needed to have high confidence in the assessment and determine condition trends (if such
information does not presently exist).
Next, NRCAs assess current condition by comparing various measures of present-day status with
ecological reference measures that describe past and/or desired conditions. The credibility of an
NRCA results from the data, methods, and reference values used in the project work. There is
generally strong dependence on information available from the NPS Inventory and Monitoring
(I&M) program, and NRCAs utilize I&M data whenever possible. NRCAs can also potentially
contribute to the I&M program by identifying resources that are not currently monitored but are of
management interest or concern.
NRCAs do not establish management targets for study indicators; that process occurs within the
realm of park planning and management activities. NRCA products can, however, help park
managers define short-term workload priorities, frame data and study needs for important park
resources, and communicate current park resource conditions to various audiences. A successful
NRCA delivers science-based information that is both credible and has practical uses for a variety of
park decision-making, planning, and partnership activities.
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Chapter 2. Park Resource Setting/Resource Stewardship
Context
2.1. Introduction
Timpanogos Cave National Monument (TICA) comprises 250 ac (101 ha) in American Fork Canyon
in north-central Utah (Figure 2.1-1). The primary feature of the park is a system of three caves—
Hansen, Middle, and Timpanogos—which formed separately but are now connected by a series of
short, man-made tunnels. The caves contain abundant and unique cave formations (speleothems) as
well as several small lakes that support cave-specialized microorganisms and invertebrates.
The above-ground portion of the park is mostly forested, with communities dominated by Douglas
and white fir (Pseudotsuga menziesii and Abies concolor). Deciduous forests and oak/shrub areas
make up a smaller proportion of vegetated areas. The American Fork River runs through the northern
portion of the park adjacent to a narrow riparian zone and state highway. The park also protects the
Timpanogos Cave Historic District, a collection of buildings constructed during the 1920s–1940s that
includes several made from local rock and stone.
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Figure 2.1-1. Location of Timpanogos Cave National Monument in Utah. NCPN – NPS.

2.1.1. Enabling Legislation/Administrative History

The purposes of TICA are to assure preservation of national resources of unusual scientific interest
and importance, and to conserve the natural and cultural resources of the monument and provide for
public use and enjoyment (NPS 1984). TICA is significant because of the unusually large variety of
cave formations, because the caves were formed by relatively uncommon geologic processes, and
because this portion of the canyon, and particularly the trail to the caves, exposes and preserves a
geologic record dating to the Precambrian Era (Pulham 2009, NPS 2013).
4

The first cave, Hansen Cave, was discovered by local explorers in 1887. Unfortunately, once the
location of the cave was known some formations were removed or damaged by looters and souvenir
hunters. When Timpanogos Cave was discovered in 1913, followed by Middle Cave in 1921,
proactive steps were taken to protect these caves from similar damage. In 1922 President Harding
created Timpanogos Cave National Monument to preserve the “unusual scientific interest and
importance” of the caves. Initially the caves were managed by the U.S. Forest Service (USFS), and
USFS and private citizens raised money to install lighting, build trails, and construct the tunnels that
now connect the three caves. In 1934 management of all national monuments was transferred to NPS,
and for over 20 years TICA was managed remotely by the Superintendent of Zion National Park. An
excellent, detailed summary of the administrative history of TICA is provided in Pulham (2009).
The constraints imposed by the physical location of the park present particular challenges for
managers. Due to the steep terrain on both sides of the canyon, all visitor and administrative
facilities, aside from the caves and the trail, are located in the floodplain of the American Fork River.
As a result, the highway and many park buildings are periodically flooded and closed to visitors and
employees. A fire in 1991 at the Visitor Center resulted in the placement of what was intended to be
a temporary facility in the floodplain, however, the absence of an appropriate alternative site
prevented the construction of a permanent structure elsewhere until 2019. Frequent rockfalls from the
steep slopes threaten both visitor and employee safety (Mayo et al. 2000, Thornberry-Ehrlich 2006,
Coe and Harp 2007, NPS 2012b).
Because TICA is surrounded by USFS land, NPS and USFS cooperate in managing travel through
and around the monument. In 2001 Congress passed the ‘Timpanogos Interagency Land Exchange
Act’ which authorized but did not obligate the acquisition of funds to acquire land and construct a
joint NPS-USFS administrative facility. Increased visitation and travel through the canyon have led
to an acknowledged need to improve transportation, parking, and visitor management throughout the
park (NPS 2012b).
2.1.2. Geographic Location and Physical Setting

The Wasatch Mountains separate the Basin and Range geologic province to the west of TICA from
the Rocky Mountain province to the east. Known as the Wasatch Front, these mountains are some of
the steepest on earth, in some locations rising over 6,500 ft (1,981 m) from the valley floor. The
Wasatch Range extends approximately 124 mi (200 km) from north to south, and is bisected by
canyons created by faults that formed as the mountains were uplifted (Machette et al. 1991). The
park is located in the American Fork Canyon (AFC) of the range at a relatively high elevation for
North American caves (6,730 ft; 2,051 m). South of TICA, Mount Timpanogos rises to an elevation
of 11,752 ft (3,582 m) while several other nearby peaks are over 11,000 ft (3,353 m).
2.1.3. Cultural History and Significance

Paleo-Indians lived in the greater Wasatch region as long ago as 12,000 years, though there are no
specific records of their presence in AFC. The earliest known inhabitants of the area around TICA
were members of the Desert Archaic Culture, nomads who inhabited the region between 10,000 BC
and 400 AD. The Fremont people were the first farmers to live in the area and may have been the
ancestors of the Ute tribes who arrived around 1400–1500 AD (Nelson 1997). Numerous Anglo
5

explorers and trappers ventured through Utah beginning in the mid-1700s, eventually establishing
trade with the Ute. When Mormon migration began in the mid-1800s there were more than 20,000
American Indians living in the area that is now Utah. Following statehood in 1848, greater numbers
of settlers began exploring the AFC, eventually establishing substantial timber and mining operations
in the area. Timpanogos Cave Historic District is listed on the National Register of Historic Places
(NRHP) and includes period-constructed buildings such as the Rock House (built in 1941) and
several other park structures (Pulham 2009).
2.1.4. Visitation

Annual visitation at TICA averaged approximately 110,000 visitors per year between 2000–2019
(https://irma.nps.gov/STATS, accessed 3/23/20). Visitation is highest during the summer months; the
cave and the trail to it are both closed in the winter. To reach the caves, visitors must hike a steep
trail that begins at the visitor center on the valley floor and climbs over 1,000 ft/305 m to the cave
entrance. Because visitation to the caves is restricted, the majority of TICA visitors participate in
guided cave tours. Cave tours are extremely popular, and on the busiest summer days tours of up to
16 people occur every 15 minutes. On summer weekends parking areas are nearly always full and
traffic is congested, leading to concerns for pedestrian safety (NPS 2012b). The impacts of nearly
70,000 people entering the caves during the six months the caves are open are of concern to
managers (NPS 2013, Section 4.2 and 4.5).
Visitors also participate in non-cave related activities such as picnicking and hiking. No camping is
allowed in TICA, though adjacent USFS lands have both maintained campgrounds and backcountry
camping opportunities.
2.2. Physical Resources and Processes
2.2.1. Climate

The weather at TICA is characteristic of the mid-latitude Rocky Mountains. Winters are fairly cold,
with temperatures averaging below freezing with regular snowfall. Maximum summer temperatures
reach 90°F (32°C). Precipitation is influenced primarily by the orographic effects of the mountains,
especially during summer months (Gillies and Ramsay undated). Afternoon thundershowers are
common during mid-to-late summer, and snowfall is usually moderate (NRCS 2014). The Visitor
Center has an average of 90 in (229 cm) of snow and 25 in (64 cm) of rain annually (NPS 2012a).
Within the caves, relatively consistent climatic conditions over many centuries have allowed the
development of numerous cave formations and the evolution of unique cave ecosystems. The cave
climate has changed, however, as a result of human use and the physical joining of the three caves
via tunnels; the tunnels now facilitate an increased passage of air through the cave system, reducing
average humidity and likely increasing seasonal temperature variation (Armstrong 2010, NPS 2013).
Cave climate is addressed in Section 4.2.
2.2.2. Geology

From the Precambrian through most of the Paleozoic (~300–600 mya), what is now the Wasatch area
of Utah was subjected to alternating periods of deposition under shallow inland seas and erosion
driven by tectonic uplift. The Deseret Limestone formation, in which the TICA caves would
6

ultimately form, was laid down approximately 340 mya during a period of marine inundation. The
creation of the caves themselves began about 17 mya as the Wasatch Range was uplifted (White and
Van Gundy 1971). Faults were created during this process facilitating water flows that created future
cave openings as well as the origins of American Fork Canyon (Mayo et al. 2000).
The structural orientations of Hansen and Middle Caves are similar to each other but are different
from Timpanogos Cave, indicating that Timpanogos was formed along a different (though related)
set of faults (Pulham 2009). Currently, a total of 5,600 ft, (1,707 meters) of passageways have been
surveyed in the three cave systems. The Wasatch Fault zone that runs along the eastern side of the
Great Basin is still extremely active, and the likelihood of a large earthquake in this area within the
next several centuries is high. (Machette et al. 1991, Mayo et al. 2009, McCalpin and Nishenko
1996).
2.2.3. Soils

Soils at TICA are very shallow and overlay an extremely rocky subsurface (Coles et al. 2009). The
steepness of the terrain does not allow the accumulation of a substantial soil layer except at the base
of the slopes and in some forested areas on relatively flat slopes (Coles et al. 2009).
2.2.4. Hydrology and Water Quality

TICA is located in the Utah Lake Watershed (U.S. Geological Survey Hydrologic Unit Code
16020201 [USGS HUC]) which drains nearly 3,800 mi2 (10,000 km2) of mostly mountainous terrain
on the west side of the Wasatch Range. The American Fork River (AFR) flows generally west
through AFC and TICA. Periodic floods during the last century led to the construction of hardsurface, flood-control revetments along this reach of the river. These artificial riverbanks alter natural
floodplain processes while often failing to prevent flooding during peak events that damage highway
and park structures. Though proposals have been developed to move park facilities out of the canyon,
economic and social challenges to such plans have prevented their implementation (C. McKinney,
pers. comm. 2015). The hydrology and general ecology of the AFR as is passes through TICA are
discussed in Section 4.7.
Efforts to assess the water quality of the AFR are conducted in the canyon though few data have been
collected from the river reach adjacent to TICA. Water quality data are collected at the USGS
Powerplant stream gage approximately a mile upstream from TICA. The Northern Colorado Plateau
Network (NCPN) does not sample for water quality in the AFR (Hackbarth and Weissinger 2013).
2.2.5. Fire

The ecological role of ﬁre varies among the vegetation communities present in the Wasatch Range
(Heyerdahl et al. 2011). Given the relatively small area of TICA that supports fire-prone vegetation,
fire will not generally be discussed further within this assessment. The greatest concerns for
managers are the increased likelihood of catastrophic fires in reponse to climate change (Millar and
Stephenson 2015), and the potential for diminished hydrologic function and increased soil erosion
within the watershed (Rice et al. 2017).
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2.3. Natural Resources
2.3.1. Vegetation Communities

Though TICA is relatively small, vegetation diversity within the park is high and includes forest,
woodland, shrub, and riparian plant communities (described briefly belowl; Coles et al. 2009,
Witwicki 2010; Figure 2.1-2). Upland vegetation resources (with associated binomial names for
species) are assessed in Section 4.12.
Montane Chaparral/Shrub
Chaparral/shrub communities are found primarily on the south-facing slopes of the park (on the north
side of the canyon) where soils are generally dry and of poor quality. Plant communities here are
dominated by Gambel oak and bigtooth maple, with common occurrences of mountain mahogany,
rabbitbrush, and cliff rose. Many areas on the south-facing slopes are unvegetated and rocky.
Mixed-Conifer/Aspen Forests
On the north-facing, cooler slopes, (south side of the canyon) forests are dominated by Douglas fir
and white fir, with small areas of quaking aspen at the highest elevations. The rich, moist soils here
also allow for the development of a diverse understory of shrubs, juniper, forbs and grasses. In the
absence of fire, mixed-conifer forests have undergone major changes in structure and species
composition, and insect infestations potentially exacerbated by drought are potential limiting factors
related to forest health (Wager and Baker 2003).
Riparian Woodland
The AFR as it flows through TICA is bordered by a narrow band of riparian vegetation dominated by
cottonwood, boxelder, and dogwood. Natural riparian function is impeded in this area by the
presence of concrete streambank constraints. The general ecology of the riparian zone and effects of
impaired flood processes are assessed in Section 4.7.
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Figure 2.1-2. Vegetation distribution in Timpanogos Cave National Monument. From Coles et al. 2009,
courtesy of NCPN-NPS.
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2.3.2. Threatened/Endangered Species

There are no federally or state-listed endangered or threatened species resident in TICA.
2.3.3. Species and Communities of Concern

Townsend’s Big-Eared Bats (Corynorhinus townsendii; Utah species of concern)
Townsend’s big-eared bats (‘Townsends’) are in decline across the western U.S. due primarily to
habitat loss (Gruver and Keinath 2006). Townsends, along with several other bat species, roost in the
Timpanogos caves and forage throughout AFC. Big-eared bats are a hibernating species, making
them susceptible to white-nose syndrome (WNS), though the disease has not yet been detected in
Townsends populations. Only small numbers of Townsends likely hibernate in the area, and no
Townsends maternity colonies have been found in the Timpanogos Cave system. Townsends bats are
assessed in Section 4.10.
Peregrine Falcon (Falco pereginus anatum)
Peregrine falcons have a nearly world-wide distribution and breed across much of western North
America (Green et al. 2006). Nests are located on cliffs and other protected sites situated adjacent to
open areas for hunting preferred prey species such as small birds. During the early 1970s, impacts
from DDT led to peregrines becoming one of the first wildlife species in the U.S. to be listed under
the Endangered Species Act (USFWS 1984). Since that time peregrine populations have recovered
extremely well, and the species was delisted in 1999 (Mesta 1999). However, FWS required
continued monitoring through 2015 (USFWS 2003, Daw et al. 2006), and NPS still considers
peregrines to be a species of concern. Peregrines are present in TICA and nesting has been
documented but they are not currently monitored (C. Mckinney, pers. comm. 2020).
Small and medium-sized vertebrates
Mammal diversity at TICA is high, though for many of the larger species (mountain lion, elk), the
monument itself does not provide breeding habitat and species are transient (Haymond et al. 2003).
Medium-size mammals such as ringtail cats, longtail weasels, and raccoons likely breed in the
monument, and small mammal diversity is also high. Of particular concern is the increasing number
of encounters between humans and rattlesnakes, interactions that usually end in the death of the
snake (C. McKinney, pers. comm. 2015). Overall, current threats to vertebrate populations are
largely unknown; the presence of the highway, increased visitation, habitat loss, and climate change
are all potential risks. Small and medium-sized mammals are assessed in Section 4.11.
Bats
The status of bat communities at TICA is of concern for several reasons. White-nose syndrome
(WNS) has not yet been detected in Utah, but many observers fear the spread of the disease to the
Rocky Mountains (Foley et al. 2011). White-nose syndrome affects hibernating species of bats, and
information on hibernating species in many areas is lacking (Diamond et al. 2009, Sullivan et al.
2010). For example, little brown bats (Myotis spp.) are extremely common in many western habitats
and demonstrate high rates of susceptibility to WNS, but very little is known about their habits in the
TICA region (NPS and McKinney 2009). Habitat loss, including the closure of old mines that bats
utilize, may increase the importance of cave and protected environments for bat populations (Adams
2003). Bat communities are assessed in Section 4.9.
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Cave Microorganisms and Invertebrates
Nearly all primary production in cave ecosystems arises from bacteria that utilize inorganic
chemicals obtained from rock substrates and the atmosphere (Barton 2006). Because of their
isolation, most living caves have unique micro-organism communities that are sensitive to
introductions of new taxa (Saiz-Jimenez 2012, Griffin et al. 2014). Higher on the trophic scale,
invertebrate communities are often the only significant group of secondary consumers in caves
(Gibert and Deharveng 2002).
Very little to nothing is known regarding the historical diversity of both of these groups in TICA
during the first decades after the caves were open. There is concern that species will be extirpated
and/or harmful species introduced in the absence of additional study and protection (Nelson et al.
2004, C. McKinney, pers. comm. 2015). The condition of microorganism and invertebrate
communities are addressed in Sections 4.5 and 4.8, respectively.
Rare Plants
Populations of rare plants at TICA occur primarily in the vicinity of the cave trail and on limestone
outcrops above the cave (C. McKinney, pers. comm. 2015). Six species of rare plants in TICA of
regional concern are listed below:
•

King’s woody aster (Herrickia [Aster] kingii var. kingii): a former candidate species for
Federal listing and identified as a rare plant in Utah; endemic to the Wasatch and Canyon
mountains in Utah.

•

Wasatch draba (Draba brachystylis): identified as a rare plant in Utah; located in five
counties in Utah and possibly in Nevada.

•

Wasatch jamesia (Jamesia americana var. macrocalyx): identified as a rare plant in Utah;
found only in Utah.

•

Wasatch daisy (Erigeron arenarioides): not federally- or state-listed, found only in northern
Utah.

•

Wasatch goldenbush (Haplopappus watsonii var. rydbergii): not federally- or state-listed;
found only in Utah.

•

Broadleaf penstemon (Penstemon platyphyllus): not federally or state listed; found primarily
along the Wasatch front.

Because none of these species are endemic to TICA and are generally well-distributed in other areas,
they will not be addressed separately in this assessment:
2.3.4. Non-biologic Resources of Concern

Air Quality
Air quality in TICA is threatened primarily by the expanding urban corridor to the west of AFC
between Salt Lake City and Provo (UDAQ 2015). Risks to human health and vegetation from
groundlevel ozone, and nitrogen and sulfur deposition, are all concerns at TICA. Little is known
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about mercury deposition. Regional and local sources of air pollution include emissions from coalfired power plants, industrial facilities, agricultural emissions, rapid adjacent urban development, and
impacts from increased vehicular traffic in the canyon. In the monument’s Foundation Document
(2016), the need for air quality assessment and monitoring was identified but was ranked a lower
priority than other data deficits (NPS 2016). Air quality is assessed in Section 4.1.
Cave Features
The collection of cave features (speleothems) in the Timpanogos Cave system is unique in several
ways (Pulham 2009). For example, there is an abundance of helictites, relatively rare spiral
formations that can ‘grow’ in directions counter to gravity when capillary action moves water
through tiny (< 0.5 mm) canals. The colors of many of the Timpanogos formations are also
uncommon, tinted in unusual ways by combinations of various minerals. Unfortunately, small
numbers of beautiful and unique cave features were lost to looters, particularly from Hansen Cave,
early in the century when the caves were unprotected (C. McKinney, pers. comm. 2015). The
condition of TICA speleothems is addressed in Section 4.5.
Cave Climate
Maintaining natural climate conditions within the caves is critical for the protection of cave resources
(Fernandez-Cortes et al. 2010). Increased airflow resulting from the construction of the tunnels in the
1930s has altered cave climate (Armstrong 2010), though long-term impacts are largely unknown.
Doors between the man-made tunnels were first installed in the 1980s but were not airtight. Newer
doors provide a more effective seal but airflow through the tunnels still occurs, and the doors are
opened numerous times each day for tours during the summer season (NPS 2013). New airlock doors
were installed in 2015, and observations indicate improved climate stabilization in the caves. The
condition of cave climate is addressed in Section 4.2.
Subterranean Water Quality and Quantity
Water flow into and through caves is responsible for cave formation growth and supports cave biota
(Bonacci et al. 2009). Water in the caves appears to be of good quality, but human activities within
the watershed and visitor impacts may reduce water quality or alter water chemistry (Florea et al.
2013). Consequently, identification of surface activities that may affect water quality in the caves as
well as the precise extent of the subsurface cave watershed (which is unknown) are high priorities (C.
McKinney, pers. comm. 2015; Florea et al. 2013). Reductions in winter snowpack of the Wasatch
Range that might result from climate change may also impact cave hydrology (Dragoni and Sukhija
2008). Cave water quality and hydrology are addressed in Sections 4.4 and 4.6.
Night Skies and Soundscape
Natural quiet and night skies are increasingly being recognized as desired elements in natural areas.
Though both resources are generally addressed as visitor issues, (i.e. how the absence of quiet and
natural night skies affect the human experience), recent studies have revealed that artificially bright
night skies and higher noise levels can also have significant negative impacts on wildlife (Rich and
Longcore 2005, Barber et al. 2009, Gaston and Bennie 2014). Natural night skies and natural sounds
are assessed in Section 4.13.
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2.4. Relevant Regional and Landscape-scale Information
The monument lies within Utah County and is completely surrounded by the Uinta-Wasatch-Cache
National Forest. To the north the park abuts the USFS Lone Peak Wilderness, and to the southeast
(but not adjacent) is the USFS Mount Timpanogos Wilderness, one of the most popular mountain
recreation destinations in Utah. A two-lane state highway (State Route [SR] 92) runs through the
northern third of the monument adjacent to the American Fork River. An entrance station west of
TICA at the USFS boundary is managed by the USFS.
2.5. Primary Threats to Natural Resources
2.5.1. Climate Change

Climate change effects will likely impact numerous TICA resources, including hydrology of the
American Fork River, hydrologic processes within the caves, and vegetation (UCCC 2007, NCA
2014, NRCS 2014). Climate change is addressed in Section 4.3.
2.5.2. Adjacent Land Use

Approximately one-third of the cave watershed includes lands managed for multiple use, (e.g. ORV
sites, camping, hunting, and snowmobiling), activities that could have impacts on cave water quality
(Florea et al. 2013). Wildfires, which may increase in frequency and intensity in response to drought
and forest disease, will likely also have negative impacts on water quality (Dale et al. 2001). Habitat
integrity in relation to adjacent land use is assessed in Section 4.13.
2.5.3. Visitor Use

The presence of high numbers of people in cave ecosystems generally has negative impacts on cave
resources (Calaforra et al. 2003, Griffin et al. 2014). TICA managers are striving to balance visitor
enjoyment of the caves with resource protection (NPS 2013). Specific impacts to cave resources
indirectly caused by human presence is addressed in Sections 4.2, 4.4, 4.5, and 4.8.
2.5.4. Cave Lights

Lights were first installed in the caves nearly a century ago for visitor safety and to enhance viewing
of cave features (Pulham 2009). Lights in caves have since been shown to cause unnatural levels of
algal growth, (‘lampenflora’), which impacts cave formations, water quality, and invertebrate and
microorganism communities (Mulec and Kosi 2009). TICA is currently replacing older lights with
cooler LED bulbs, an effort that should reduce algal growth. The impacts of lampenflora are
addressed in Section 4.5.
2.5.5. Non-native/Invasive Species

Approximately 20 exotic plant species are of concern to park managers and invasive plants occur on
an estimated 25% of park lands (NPS 2005, Whiteside 2011, Armstrong 2012). Exotic brown trout
(Salmo trutta) were introduced to the American Fork Canyon early in the last century and are highly
competitive with native cutthroat trout (Oncorhynchus clarki utah; McHugh and Budy 2005).
Mountain goats (Oreamnos americanus) were introduced into Utah during the 1960’s and are now
resident in TICA and the Mount Timpanogos Wilderness. Introduced mountain goats can have
negative effects on existing high-altitude ecosystems (Gross et al. 2000), and there is debate as to
whether this species of goat is native to the Wasatch Mountains (see overview in Mead and Lawler
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1994 for a discussion of mountain goat species distribution in the Colorado Plateau). The Utah
Department of Wildlife Resources (UDWR) maintains and manages the goat population as a biggame species (UDWR 2013).
2.6. Resource Stewardship
2.6.1. Management Directives, Planning Guidance and Research

General/Resource Plans (listed in reverse chronological order)
Cave Management Plan, 2013 (NPS 2013)

This plan addresses all areas of cave management, including visitor use limits, trail maintenance,
safety, ecosystem health, and watershed management.
Transportation Alternatives Plan, 2012 (NPS 2012b)

This effort evaluated parking capabilities at TICA and the possible feasibility of a shuttle system in
American Fork Canyon.
Core Operations Review, 2008 (NPS unpublished)

The first priority in this document is to ‘…preserve cave and karst resources by developing a cave
and natural resource management program.’ Specifically, the document states that cave and karst
resources will be protected by ‘…replacing the cave trail restroom sewage disposal system, and
through appropriate policy, research, monitoring, and mitigation techniques.’ This review also led to
the addition of a full-time, permanent Chief of Resources position.
Vegetation Management Plan, 2005 (NPS 2005)

The Vegetation Management Plan outlines the long-term approach for controlling invasive plants and
revegetation of disturbed areas, and Environmental Assessment (EA).
General Management Plan, 1993 (NPS 1993)

The GMP was completed in 1993 following a fire that destroyed the TICA Visitor Center. This
document focuses on the replacement of this building and overall facility management at TICA.
Specific Resource/Restoration Efforts
Invasive plants and greenhouse

Since 2005 TICA staff and volunteers have been removing exotic plants and establishing populations
of native species, with a goal of treating five acres of invasives and revegetating one acre with parkgrown native plants each year. A small greenhouse constructed at the park yields approximately 500
plants each year grown from locally collected seeds.
Cave restoration

Park staff perform lint/debris removal from cave formation surfaces on a regular basis. In addition, a
3-day Restoration Camp is hosted by the park for volunteers each fall after the caves close to visitors
for the season. Typically, 12 volunteers work on each of the three days. Algae is also removed from
formations and other surfaces 1–2 times per season, and when necessary repairs are made to broken
formations.
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2.6.2. Supporting Science

NPS Inventory and Monitoring Program
Of the 18 high-priority vital signs identified by TICA and NCPN, six (integrated uplands, water
quality, climate, land surface phenology, landscape dynamics, and air quality) are subject to longterm monitoring and study by NCPN. A challenge for TICA and NCPN staff is to include the unique
monitoring needs of the TICA cave ecosystems within the full set of NCPN monitoring priorities (C.
McKinney pers. comm. 2015).
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Chapter 3. Study Approach
This NRCA is a collaborative project between TICA, NCPN, the NPS Intermountain Region, and
cooperators from the Institute of Wildlife Studies in Arcata, California. The TICA park staff, in
particular Cami Pulham McKinney, provided substantial input to the project including project
definition and direction, data summaries and analysis, and review.
The purpose of this assessment is to provide a “snapshot-in-time” evaluation of a select set of natural
resources within the park. Findings presented will aid NPS staff in developing near-term
management priorities, engaging partners and stakeholders in watershed and landscape scale resource
protection efforts, and conducting park planning.
3.1. Preliminary Scoping
The preliminary scoping process occurred during a workshop organized by NCPN at TICA
headquarters in August 2010 (Summary notes from this meeting are provided in Appendix A).
Workshop attendees developed a preliminary list of focal resource topics and prioritized the list in
relation to both park management priority and how well each topic would fit within the NRCA
guidelines. Also included in the scoping discussions were general determinations of available data
and the amount of time it would take TICA staff or other personnel to collate or synthesize necessary
information. At the conclusion of the workshop the team had completed a draft list of resource
topics. The list was modified as the project proceeded; the final list of topics is presented in Table
3.1.
3.1.1. Targeted Investigation Topic – Cave Watershed

The Intermountain Region provided funding for an outside investigator to address one natural
resource topic in greater depth than would otherwise have been possible within the allocated NRCA
budget. This agreement was facilitated by NCPN. Park staff determined that funding an effort to
more precisely delineate the extent of the cave watershed was the highest priority. The TICA cave
ecosystem is directly dependent on the quality and quantity of water that enters the caves from the
surface, but at the time of initial scoping for the NRCA a delineation of the watershed had not yet
been completed. It was hypothesized that the watershed extended outside NPS boundaries to adjacent
USFS lands, where permitted activities might introduce contaminants into the caves via water
transport. NRCAs generally do not include data collection efforts, however, in this case the
information needed was likely obtainable with relatively simple methods. The results of this study
are presented briefly in Section 4.6, and in detail in Florea et al. (2013) and Dugan (2015).
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Table 3.1-1. List of selected resource topics for the TICA NRCA organized within the Inventory and Monitoring Framework.
Monitoring Framework
Level 1 Category
Air and Climate
Geology and Soils

Water
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Biological Integrity

Management
Priority

Project
Priority

Ecological Zone

Climate – Surface, Climate Change

High

High

Riparian, Upland

Climate – Caves

High

High

Caves

Air Quality

Low

Medium

Subsurface – Cave Formations

High

High

Caves

Water Quality – AFR

Low

Low

Riparian

Water Quality and Quantity – Caves

High

High

Caves

Medium

Medium

Hydrology – Caves (watershed)

High

High

Caves

Focal Species:
Townsends Big-eared bats

High

High

Caves, Riparian, Upland

Focal Communities:
Bats

High

Medium

Caves, Riparian, Upland

Focal Communities:
Small and medium-sized mammals

Medium

Medium

Riparian, Upland

Focal Communities:
Cave microorganisms and invertebrates

Medium

High

Caves

Upland vegetation

Medium

Low

Upland

Low

Medium

Riparian

Ecosystem Connectivity

Medium

HIgh

Riparian, Upland

Dark Night Sky/ Soundscape/ Viewshed

Medium

High

Riparian, Upland

TICA Element/Resource

Hydrology – AFR

Riparian Vegetation
Landscapes
(Ecosystem Pattern and Processes)

Riparian, Upland

Riparian

3.2. Study Design
3.2.1. Indicator Framework, Study Resources and Indicators

The NPS Ecological Monitoring Framework (Fancy et al. 2009) was incorporated in the TICA
NRCA to identify and synthesize the natural resource topics, indicators, and measures in the study.
This framework was selected due to the tight integration of the framework with the NPS Inventory
and Monitoring (I&M) program. For example, if large data gaps were identified for a particular
resource or topic, this information could be evaluated for potential inclusion in the I&M program
more easily if the NRCA were organized using this framework (Table 3.1).
Per NPS NRCA guidelines, resource assessments are often spatially organized into reporting areas.
This approach is helpful for managers as it allows integration of the NRCA with planning documents
such as GMPs. In small parks such as TICA, though, the use of reporting areas is generally
unnecessary, and it was not done here. The resources did, however, fit clearly into three ecological
zones within TICA: caves, riparian, and upland (Table 3.1).
Reference conditions were developed separately for each topic by first conducting a literature search
to determine what types of measures had been or were being used to evaluate similar resources.
Discussions were also held with local knowledge experts, and existing NRCA documents reviewed
to compare references conditions applied to similar resources in other NPS units. For some topics
determining reference conditions was straightforward; however, in many cases no relevant reference
conditions were available. The process for determining reference conditions (or reasons why they are
unavailable or unquantified) is included within each topic section in Chapter 4.
3.2.2. General Approach and Methods

Specific topics were approached differently, but in general each element was examined in the
following manner. First, all NPS and other relevant participants were asked to contribute their
expertise. In addition, the group communicated with any cooperators or researchers recommended by
staff or identified from published or unpublished literature. If a resource had been identified during
I&M scoping, all supporting documentation for that process was examined. A thorough literature
search was conducted first for the specific resource in TICA, then for any similar resources or
processes in other locations, and finally for any restoration, management, or research efforts that
might provide information on methods incorporated to assess similar resources.
3.2.3. Components Included in Each Analysis

Per the NPS NRCA guidelines, each individual resource assessment includes the following elements:
Background
This section describes the resource and why it was selected for inclusion in the project. This section
also may include a brief biological or physical description, the ecological context of the resource
within TICA, and threats to the resource or process.
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Reference Conditions
The measures used to evaluate the condition of the resource are defined here. If no clear sciencebased measures exist and alternate evaluation methods were utilized, those are also included. The
absence of any valid reference conditions is noted if necessary.
Data and Methods
This section includes references to both existing data and methodologies as well as specific
assessment methods incorporated for this NRCA.
Resource Condition and Trend
This section summarizes what is known about the resource in relation to described reference
conditions. If the condition appears to be changing (‘trend’) that information is also presented here.
Level of Confidence
In some cases, very little is known about the status of the resource, the reference conditions that
should be used to make the assessment, or both. This section evaluates the science-based level of
confidence for each assessment.
Data Gaps and Research Needs
This section presents recommendations for further research or data that would be needed to have a
high confidence in making an assessment of the current condition and/or condition trend for the
resource.
Sources of Expertise
If applicable, subject matter experts who contributed to the assessment but are not identified
elsewhere are listed here.
Literature Cited
Each section is followed by a complete reference list.
3.2.4. Project Challenges

In the fall of 2011, the project was suspended due to funding issues. In the summer of 2012 funding
was restored through a cooperative agreement, but staff changes and funding uncertainty again
suspended the work. Funding to complete the project became available in 2020, though this work did
not include updates to resource topics. In lieu of that work, a brief list of relevant publications or
general information that have been published or made available in the past few years but are not
referenced within the text is presented in Appendix B.
3.2.4 Condition Reporting Symbols

Chapter 5 provides general-level condition or concern reporting for resources evaluated in Chapter 4.
Tables 3.2-1 and 3.2-2 show the descriptions of the condition indicator symbols.
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Table 3-.2-1. Indicator symbols used to indicate condition, trend, and confidence in the assessment.
Condition Status
Condition
Icon
Condition Icon Definition

Trend in Condition

Trend Icon

Resource is in Good
Condition

Trend Icon Definition

Confidence in
Assessment
Confidence
Icon

Condition is Improving

Confidence
Icon
Definition
High

Conditi on is Im provi ng

Res ourc e is in Good C onditi on

High

Resource warrants
Moderate Concern

Condition is Unchanging

Medium

Conditi on is U nchanging

Warrants
Medi um

Moderate Conc ern

Resource warrants
Significant Concern

Condition is Deteriorating

Low

Conditi on is D eteri orati ng
Warrants
Low

Signific ant Conc ern

Table 3.2-2. Example indicator symbols and descriptions of how to interpret them in WCS tables.
Symbol
Example

Verbal Description

Resource is in good condition; its condition is improving; high confidence in the assessment.
Resourc e is i n good c onditi on; c onditi on is impr oving; high c onfidenc e i n the ass ess

Condition of resource warrants moderate concern; condition is unchanging; medium confidence in
the assessment.
Conditi on of res ource warrants moderate c onc ern; condition is unc hanging; m edium
confidence in the ass essm ent.

Condition of resource warrants significant concern; trend in condition is unknown or not applicable;
low confidence in the assessment.
Conditi on of res ource warrants signific ant c oncer n; trend in condition is unk now n or not
applicabl e; l ow c onfidence in the ass essm ent.

3.2.5. Project Challenges

In the fall of 2011, the project was suspended due to funding issues. In the summer of 2012 funding
was restored through a cooperative agreement, but staff changes and funding uncertainty again
suspended the work. Funding to complete the project became available in 2020, though this work did
not include updates to resource topics. In lieu of that work, a brief list of relevant publications or
general information that have been published or made available in the past few years but are not
referenced within the text is presented in Appendix B.
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Chapter 4. Natural Resource Conditions
4.1. Air Quality
4.1.1. Background

Under the direction of the National Park Service (NPS) Organic Act, Air Quality Management
Policy 4.7.1 (NPS 2006), and the Clean Air Act (CAA) of 1970 (P.L. 94-567; U.S. Federal Register
1970), the NPS has a responsibility to protect air quality and any air quality related values (e.g.,
scenic, biological, cultural, and recreational resources) that may be impaired from air pollutants.
One of the main purposes of the CAA is “to preserve, protect, and enhance the air quality in
national parks” and other areas of special natural, recreational, scenic or historic value. The CAA
includes special programs to prevent significant air quality deterioration in clean air areas and to
protect visibility in national parks and wilderness areas (NPS-ARD 2006a).
Different categories of air quality areas are established through the authority of the CAA: Class I and
II. The air quality classes are allowed different levels of permissible air pollution, with Class I
receiving the greatest protection and strictest regulation. The CAA gives federal land managers
responsibilities and opportunities to participate in regulatory agencies’ decisions that might affect air
quality in the federally protected areas they administer (NPS-ARD 2005). Like most NPS areas,
TICA is designated a Class II airshed.
It is important to note that even though the CAA gives Class I areas the greatest protection against air
quality deterioration, NPS management policies do not distinguish between the levels of protection
afforded to any unit of the National Park System (NPS 2006).
Air quality management requires extensive interaction with state and federal agencies, as identified
in NPS management policies. Specific air quality threats for TICA include:
•

Regional and local sources of air pollution such as power plants, industrial facilities,
agriculture, vehicle exhaust, and Rapid adjacent urban development.

•

Regional coal fired power plants, mobile sources (e.g., highway vehicles), and wildfires are
believed to contribute to air quality impacts in the park. Sulfur dioxide emissions have been
reduced at Utah power plants. Additional reductions in nitrogen oxides emissions from the
coal-fired power plants may be required if the national standard for ozone pollution is
reduced in October 2015 or under the Regional Haze program for the protection of Class I
areas. Mobile source emissions are also being reduced. These reductions will also improve
air quality conditions at TICA.

•

Increasing visitation and associated vehicle traffic. In recent years, traffic in American Fork
Canyon has steadily increased. Latest figures from the U.S. Forest approximate 1.3 million
visitors, annually. Census data from 2010 show that the communities closest to the
park/canyon have grown 200% in the last 10 years (McKinney pers. comm. 2015).
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•

The Wasatch Front inversion is a big air quality issue at Timpanogos Cave. Air inversions
have been occurring for years and work has been done to reduce inversions. Geneva Steel, a
contributor to the pollution locally, is no longer operating, resulting in some improvement to
air quality, but other factors are impacting it (NPS 2015).

There are also opportunities to work cooperatively with federal, state, tribal, local agencies, industry,
and public interest groups, to develop strategies to reduce air quality impacts in the park from sources
of air pollution. There are ongoing opportunities through federal air quality programs (e.g., regional
haze program) for the NPS to work cooperatively with these stakeholders (NPS-ARD 2015e).
Air Quality Standards
Air quality is deteriorated by many forms of pollutants that occur either as primary pollutants,
emitted directly from sources such as power plants, vehicles, wildfires, and wind-blown dust, or as
secondary pollutants, which result from atmospheric chemical reactions. The CAA requires the US
Environmental Protection Agency (EPA) to establish National Ambient Air Quality Standards
(NAAQS) (40 CFR part 50) to regulate air pollutants considered harmful to human health and the
environment (EPA 2015). The two types of NAAQS are primary and secondary. The primary
standards establish limits to protect human health, and the secondary standards establish limits to
protect public welfare from air pollution effects, including decreased visibility, damage to animals,
crops, vegetation, and buildings (EPA 2015). The NPS’ Air Resources Division (NPS-ARD) air
quality monitoring program uses EPA’s NAAQS, natural visibility goals, and ecological thresholds
as benchmarks to assess current conditions of visibility, ozone, and atmospheric deposition
throughout parks.
Visibility
Visibility affects how well (acuity) and how far (visual range) one can see (NPS-ARD 2002), but air
pollution can degrade visibility. Both particulate matter (e.g. soot and dust) and certain gases and
particles in the atmosphere, such as sulfate and nitrate particles, can create haze and reduce visibility. At
night, air-borne particles reflect and scatter artificial light, increasing the effect of light pollution. The
CAA established a national goal to return visibility to “natural conditions” in Class I areas and the
NPS ARD recommends a visibility benchmark condition for all NPS units, regardless of Class
designation, consistent with the Clean Air Act goal. Natural visibility conditions are those estimated
to exist in a given area in the absence of human-caused visibility impairment (EPA-454/B-03-005).
Visibility can be subjective and value-based (e.g. a visitor’s reaction viewing a scenic vista while
observing a variety of forms, textures, colors, and brightness) or it can be measured objectively by
determining the size and composition of particles in the atmosphere that interfere with a person’s
ability to see landscape features (Malm 1999).
Ozone
Ozone is a gaseous constituent of the atmosphere produced by reactions of nitrogen oxides (NOx)
from vehicles, power plants, industry, and fire and volatile organic compounds from industry,
solvents, and vegetation in the presence of sunlight (Porter and Biel 2011). It is one of the most
widespread air pollutants and the major constituent in smog (NPS-ARD 2002).
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Ozone can be harmful to human health, and is phytotoxic, causing foliar damage to plants (NPSARD 2006b). Ozone penetrates leaves through stomata (openings) and oxidizes plant tissue, which
alters the physiological and biochemical processes (NPS-ARD 2013a). Once the ozone is inside the
plant’s cellular system, the chemical reactions can cause cell injury or even death (NPS-ARD 2013a),
but more often will reduce the plant’s resistance to insects, diseases, growth, and reproductive
capability (NPS-ARD 2015a).
N and S Wet Deposition
Airborne pollutants can be atmospherically deposited to ecosystems through rain and snow (wet
deposition) or dust and gases (dry deposition). Nitrogen, sulfur, and mercury air pollutants can have a
variety of effects on ecosystem health, including acidification, fertilization or eutrophication, and
accumulation of toxins (NPS-ARD 2010, Fowler et al. 2013). Although nitrogen is an essential plant
nutrient, excess nitrogen from atmospheric deposition can stress ecosystems. Excess nitrogen acts as
fertilizer, favoring some plants and leaving others at a competitive disadvantage. This creates an
imbalance in natural ecosystems, and over time may lead to shifts in the types of plant and animal
species present, increases in insect and disease outbreaks, disruption of ecosystem processes (such as
nutrient cycling), and changes in wildfire frequency (Bobbink et al. 2010; De Schrijver et al. 2011;
Greaver et al. 2012).
Natural resource managers are particularly concerned about the tendency for invasive exotic plant
species to thrive in elevated nitrogen environments and the negative impacts of surplus nitrogen on
native plants, particularly in arid ecosystems (Brooks 2003; Schwinning et al. 2005; Allen et al.
2009). Nitrogen may also decrease water use efficiency in arid land plant groups such as sagebrush
(Inouye 2006). Atmospheric deposition can also change soil pH, which in turn, affects
microorganisms, understory plants, and trees (NPS-ARD 2010). Certain ecosystems are more
vulnerable to pollutants than others, including high-elevation ecosystems in the western U.S., upland
areas in the eastern part of the country, areas on granitic bedrock, coastal and estuarine waters, arid
ecosystems, some grasslands, and many surface waters (NPS-ARD 2013b).
According to the EPA (2012), in the U.S., roughly two thirds of all sulfur dioxide (SO2) and onefourth of all NOx depositions come from electric power generation that relies on burning fossil fuels.
Sulfur dioxide and nitrogen oxides are released from power plants and other sources, and ammonia is
released by agricultural activities, feedlots, fires, and catalytic converters. In the atmosphere these
transform to sulfate, nitrate, and ammonium and can be transported long distances across state and
national borders, with the potential to negatively impact resources far beyond point sources (EPA
2012).
Mercury Wet Deposition and Predicted Methylmercury Concentration
Mercury and other toxic pollutants (e.g., pesticides, dioxins, PCBs) accumulate in the food chain and
can affect both wildlife and human health. Elevated levels of mercury and other airborne toxic
pollutants like pesticides in aquatic and terrestrial food webs can act as neurotoxins in biota that
accumulate fat and/or muscle-loving contaminants. Sources of atmospheric mercury include byproducts of coal-fire combustion, municipal and medical incineration, mining operations, volcanoes,
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and geothermal vents. High mercury concentrations in birds, mammals, amphibians, and fish can
result in reduced foraging efficiency, survival, and reproductive success (NPS-ARD 2015b).
Additional air contaminants of concern include pesticides (e.g., DDT), industrial by-products
(PCBs), and emerging chemicals such as flame retardants for fabrics (PBDEs). These pollutants enter
the atmosphere from historically contaminated soils, current day industrial practices, and air
pollution (Selin 2009).
4.1.2. Data and Methods

The approach used for assessing the condition of air quality parameters at the park was developed by
the NPS-ARD for use in Natural Resource Condition Assessments (NPS-ARD 2015b, d). NPS-ARD
uses all available data from NPS, EPA, state, and/or tribal monitoring stations to interpolate air
quality values, with a specific value assigned to the maximum value within each park. Even though
the data are derived from all available monitors, data from the closest stations will “outweigh” the
rest.
Trends are computed from data collected over a 10-year period at on-site or nearby representative
monitors. Trends are calculated for sites that have at least 6 years of annual data and an annual value
for the end year of the reporting period.
Indicators/Measures: Visibility (Haze index)
Visibility is monitored through the Interagency Monitoring of Protected Visual Environments
(IMPROVE) Program (NPS-ARD 2010).
NPS-ARD assesses visibility condition status based on the deviation of the estimated current Group
50 visibility conditions from estimated Group 50 natural visibility conditions (i.e., those estimated
for a given area in the absence of human-caused visibility impairment, EPA-454/B003-005). Group
50 is defined as the mean of the visibility observations falling within the range of the 40th through
the 60th percentiles, as expressed in terms of a Haze Index in deciviews (dv). A factor of the haze
index is light extinction, which is used as an indicator to assess the quality of scenic vista and is
proportional to the amount of light lost due to scattering or absorption by particles in the air as light
travels a distance of one million meters (NPS-ARD 2003). The haze index for visibility condition is
calculated as follows:
Visibility Condition/Haze Index (dv) =
estimated current Group 50 visibility − estimated Group 50 visibility
(under natural conditions)
The deciview scale scores pristine conditions as a zero and increases as visibility decreases.
For visibility condition assessments, annual average measurements for Group 50 visibility are averaged
over a 5-year period at each visibility monitoring site with at least 3-years of complete annual data. Fiveyear averages are then interpolated across all monitoring locations to estimate 5-year average values for
the contiguous U.S. The maximum value within the TICA boundary is reported as the visibility
condition from this national analysis.
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Visibility trends are computed from the Haze Index values on the 20% haziest days and the 20%
clearest days, consistent with visibility goals in the Clean Air Act and Regional Haze Rule, which
include improving visibility on the haziest days and allowing no deterioration on the clearest days.
Although this legislation provides special protection for NPS areas designated as Class I, the NPS
applies these standard visibility metrics to all units of the NPS. If the Haze Index trend on the 20%
clearest days is deteriorating, the overall visibility trend is reported as deteriorating. Otherwise, the
Haze Index trend on the 20% haziest days is reported as the overall visibility trend.
An IMPROVE monitoring site considered being representative of a Class II park has to be between
within +/− 100 feet or 10% of maximum and minimum elevation of the park and at a distance of no
more than 150 kilometers. IMPROVE representative monitors are not assigned to parks with a landuse status of urban (NPS-ARD 2015b). There are no on-site or nearby representative monitors to
assess visibility trends. The closest monitoring stations for visibility are at Capitol Reef NP, 143 mi
(230 km) south of the monument; at Great Basin NP, 168 mi (270 km) southwest of the monument;
and at Canyonlands NP 280 km (174 mi) southeast of the monument.
Indicators/Measures: Level of Ozone (Human Health: Annual 4th-highest 8hr concentration and
Vegetation Health: 3-month maximum 12hr W126)
Ozone is monitored across the U.S. through air quality monitoring networks operated by the NPS,
EPA, states, and others. Aggregated ozone data are acquired from the EPA Air Quality System
(AQS) database. Note that prior to 2012, monitoring data were also obtained from the EPA Clean Air
Status and Trends Network (CASTNet) database.
The primary National Ambient Air Quality Standard (NAAQS) for ground-level ozone is set by the
EPA, and is based on human health effects. The current NAAQS for ozone is a 4th-highest daily
maximum 8-hour ozone concentration of 75 ppb. The NPS-ARD assesses the status for human health
risk from ozone using the 4th-highest daily maximum 8-hour ozone concentration in ppb. Annual
4th-highest daily maximum 8-hour ozone concentrations are averaged over a 5-year period at all
monitoring sites. Five-year averages are interpolated for all ozone monitoring locations to estimate 5year average values for the contiguous U.S. The ozone condition for human health risk at TICA is the
maximum estimated value within the monument boundary derived from this national analysis.
Exposure indices are biologically relevant measures used to quantify plant response to ozone
exposure. These measures are better predictors of vegetation response than the metric used for the
human health standard. One annual index is the W126, which preferentially weighs the higher ozone
concentrations most likely to affect plants and sums all of the weighted concentrations during daylight
hours (8AM–8PM). The highest 3-month period that occurs during the growing season is reported
in “parts per million-hours” (ppm-hrs) and is used for vegetation health risk from ozone condition
assessments. Annual maximum 3-month 12-hour W126 values are averaged over a 5-year period at all
monitoring sites with at least 3 years of complete annual data. Five-year averages are interpolated for
all ozone monitoring locations to estimate 5-year average values for the contiguous U.S. The estimated
current ozone condition for vegetation health risk at TICA is the maximum value within the monument
boundary derived from this national analysis.
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Ozone trends are computed for parks with a representative ozone monitor that is within 10 km of
park boundaries. Monitors operated by NPS take precedence over other nearby monitors. In cases
where the park has more than one monitor operated by the NPS, the monitor with the longest
monitoring history is selected to represent the park. There are a handful of representative monitors
that are no longer the closest monitor within a 6 mi (10 km) radius but are retained as the
representative monitor to maintain a consistent historic record of status and trends. There are no onsite or nearby representative monitors to assess trends in ozone levels. The closest monitoring station
for ozone is at Provo, UT, 9 mi (15 km) south of the monument.
Indicators/Measures: Wet Deposition (Nitrogen, Sulfur, and Mercury)
Atmospheric wet deposition is monitored across the United States as part of the National
Atmospheric Deposition Program/ National Trends Network (NADP/NTN) for nitrogen and sulfur
wet deposition and at the Mercury Deposition Network (MDN) for mercury wet deposition.
Wet deposition is used as a surrogate for total deposition (wet plus dry), because wet deposition is
the only nationally available monitored source of nitrogen and sulfur deposition data. Values for
nitrogen (N) from ammonium and nitrate and sulfur (S) from sulfate wet deposition are expressed as
amount of N or S in kilograms deposited over a one-hectare area in one year (kg/ha/yr). For nitrogen
and sulfur condition assessments, wet deposition was calculated by multiplying nitrogen (from
ammonium and nitrate) or sulfur (from sulfate) concentrations in precipitation by a normalized
precipitation. Annual wet deposition is averaged over a 5-year period at monitoring sites with at least
3 years of annual data. Five-year averages are then interpolated across all monitoring locations to
estimate 5-year average values for the contiguous U.S. For individual parks, minimum and maximum
values within park boundaries are reported from this national analysis. To maintain the highest level
of protection in the park, the maximum value is assigned a condition status.
Wet deposition trends are evaluated using pollutant concentrations in precipitation (micro
equivalents/liter) so that yearly variations in precipitation amounts do not influence trend analyses.
There are no on-site or nearby representative monitors to assess wet deposition trends. The closest
monitoring stations for nitrogen and sulfur are located at Murphy Ridge, UT, 71 mi (115 km)
northeast of the monument; at Logan, UT, 87 mi (140 km) north of the monument; and at Green
River, UT, 134 mi (215 km) southeast of the monument (NPS ARD 2015a).
Total Mercury
The status of mercury is assessed using estimated 3-year average mercury wet deposition (μg/m2/yr)
and the predicted surface water methylmercury concentrations at NPS Inventory & Monitoring parks.
It is important to consider both mercury deposition inputs and ecosystem susceptibility to mercury
methylation when assessing mercury condition because atmospheric inputs of elemental or
inorganic mercury must be methylated before it is biologically available and able to accumulate in
food webs (NPS-ARD 2015b). Thus, mercury condition cannot be assessed according to mercury
wet deposition alone. Other factors like environmental conditions conducive to mercury methylation
(e.g., dissolved organic carbon, wetlands, pH) must also be considered (NPS-ARD 2015c).
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Annual mercury wet deposition measurements are averaged over a 3-year period at all NADP-MDN
monitoring sites with at least 3 years of annual data. Three-year averages are then interpolated
across all monitoring locations using an inverse distance weighting method to estimate 3-year
average values for the contiguous U.S. For individual parks, minimum and maximum values within
park boundaries are reported from this national analysis.
Conditions of predicted methylmercury concentration in surface water are obtained from a model that
predicts surface water methylmercury concentrations for hydrologic units throughout the U.S. based
on relevant water quality characteristics (i.e., pH, sulfate, and total organic carbon) and wetland
abundance (USGS 2015). The predicted methylmercury concentration at a park is the highest value
derived from the hydrologic units that intersect the park.
There are no on-site or nearby representative monitors to assess mercury wet deposition trends (NPSARD 2015c).
4.1.3. Reference Conditions

The reference conditions against which current air quality indicators and measures were assessed are
identified by NPS ARD (2015c) for condition assessments and are listed in Table 4.1-1.
Table 4.1-1. Reference conditions for air quality parameters (NPS-ARD 2015b).
Significant
Concern

Moderate

Good

Very
Good

>8

2–8

<2

n/a

Ozone: Human Health (ppb)

≥ 76

61–75

≤ 60

n/a

Ozone: Vegetation Health (ppm-hrs)

>13

7–13

<7

n/a

Total N and Total S Wet Deposition (kg/ha/yr)

Air Quality Indicator
Visibility (dv)

>3

1–3

<1

n/a

Mercury Wet Deposition (μg/m2/yr)

≥ 9 and < 12

≥ 6 and < 9

≥ 3 and < 6

<3

Predicted Methylmercury Concentration
(ng/L)

≥ 0.075 and
< 0.12

≥ 0.053 and
< 0.075

≥ 0.038 and
< 0.053

< 0.038

Visibility
A visibility condition estimate of less than 2 dv above estimated natural conditions indicates a “good”
condition, estimates ranging from 2–8 dv above natural conditions indicate “moderate” condition and
estimates greater than 8 dv above natural conditions indicate “significant concern.” The NPS-ARD
chose reference condition ranges to reflect the variation in visibility conditions across the
monitoring network.
Ozone
The human health ozone condition thresholds are based on the ozone standard set by the EPA at a level
to protect human health: 4th-highest daily maximum 8-hour ozone concentration of 75 ppb. The
NPS-ARD rates ozone condition as “good” if the ozone concentration is less than or equal to 60 ppb,
which is 80% of the human health-based NAAQS; “moderate” if the ozone concentration is between
61 and 75 ppb; and of “significant concern” if the concentration is greater than or equal to 76 ppb.
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The W126 condition thresholds are based on information in EPA’s Policy Assessment for the Review
of the Ozone National Ambient Air Quality Standards (EPA 2014). Research has found that for a
W126 value of:
•

≤ 7 ppm-hrs, tree seedling biomass loss is ≤ 2 % per year in sensitive species; and

•

≥13 ppm-hrs, tree seedling biomass loss is 4–10 % per year in sensitive species.

ARD recommends a W126 of < 7 ppm-hrs to protect most sensitive trees and vegetation and is
considered good; 7–13 ppm-hrs to be in “moderate” condition; >13 ppm-hrs is considered to be of
“significant concern” (NPS-ARD 2015b).
N and S Wet Deposition
The NPS-ARD selected a wet deposition threshold of 1.0 kg/ha/yr as the level below which natural
ecosystems are likely protected from harm, based on studies linking early stages of aquatic health
decline correlated with 1.0 kg/ha/yr wet deposition of nitrogen both in the Rocky Mountains (Baron
et al. 2011), and in the Pacific Northwest (Sheibley et al. 2014). Parks with less than 1 kg/ha/yr of
atmospheric wet deposition of nitrogen or sulfur compounds are assigned “good” condition, those
with 1–3 kg/ha/yr are assigned “moderate” condition, and parks with depositions greater than 3
kg/ha/yr to be of “significant concern.”
Mercury Wet Deposition and Predicted Methylmercury Concentration
Ratings for mercury wet deposition and predicted methylmercury concentrations can be evaluated
using the mercury condition assessment matrix shown in Table 4.1-2 to identify one of three
condition categories. Condition adjustments may be made if the presence of park-specific data on
mercury in food webs is available and/or data are lacking to determine the wet deposition rating (NPSARD 2015b).
Table 4.1-2. Mercury condition assessment matrix (NPS-ARD 2015b).
Predicted Methylmercury
Concentration Rating
Very Low

Mercury Wet Deposition Rating
Low

Moderate

High

Very High

Very Low

Good

Good

Good

Moderate

Moderate

Low

Good

Good

Moderate

Moderate

Moderate

Moderate

Good

Moderate

Moderate

Moderate

Significant
Concern

High

Moderate

Moderate

Moderate

Significant Significant
Concern
Concern

Very High

Moderate

Moderate

Significant Significant Significant
Concern
Concern
Concern

4.1.4. Resource Condition and Trend

A summary of indicator measures and contributions to overall assessment is presented in Table 4.1-3.
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Table 4.1-3. Summary of the air quality indicators/measures and their contributions to the overall air quality assessment.
Air Quality Indicator

Specific Measure
Human Health: Annual
4thhighest
8hr concentration

Condition Status/ Trend1 Rationale

Moderate

Human health risk from groundlevel ozone warrants moderate
concern. No trend information is available because there are not
sufficient onsite or nearby ozone monitoring data. The degree of
confidence at TICA is moderate because estimates are based on
interpolated data from more distant ozone monitors.

Moderate

Vegetation health risk from groundlevel ozone warrants moderate
concern. A risk assessment concluded that plants at Timpanogos
Cave NM were at moderate risk for ozone damage (Kohut 2007;
Kohut 2004). No trend information is available because there are not
sufficient onsite or nearby ozone monitoring data. The degree of
confidence is moderate because estimates are based on
interpolated data from more distant ozone monitors.

Moderate

Visibility warrants moderate concern. No trend information is available
because there are not sufficient onsite or nearby visibility monitoring
data. The degree of confidence is moderate because estimates are
based on interpolated data from more distant visibility monitors.

Moderate

Wet nitrogen deposition warrants moderate concern. Ecosystems in
the park were rated as having very low sensitivity to
nutrientenrichment effects relative to all I&M parks (Sullivan et al.
2011a; Sullivan et al. 2011b). No trend information is available
because there are not sufficient onsite or nearby deposition
monitoring data. The degree of confidence is moderate because
estimates are based on interpolated data from more distant
deposition monitors.

Ozone
Vegetation Health:
3month maximum 12hr
W126

Visibility

Haze Index 3
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Wet Deposition2

Nitrogen

Condition assessments for contiguous U.S. parks use the Inverse Distance Weighted (IDW) interpolation method is used to estimate 5year average (2009–
2013) values. Trend analyses use 10 years (2004–2013) of data from onsite or nearby monitors.

1

Reporting units for wet deposition conditions and trends are different. Wet deposition trends are evaluated using pollutant concentrations in precipitation
(micro equivalents/liter) so that yearly variations in precipitation amounts do not influence trends analyses. Wet deposition conditions are based on nitrogen
and sulfur loading (kilograms per hectare per year) to ecosystems.
2

Visibility trends and conditions are both expressed in terms of a Haze Index in deciviews (dv); however, the benchmark metrics are different. Condition
assessments are based on estimated five-year average visibility on midrange days (40th to 60th percentile) minus the estimated natural visibility condition on
midrange days. Visibility trends are computed from the haze index values on the 20% haziest days and the 20% clearest days. Natural visibility conditions are
those estimated to exist in a given area in the absence of human caused visibility impairment. Estimated annual average natural condition on midrange days
equals 3 deciviews (dv) at Timpanogos Cave NM.

3

Table 4.1-3 (continued). Summary of the air quality indicators/measures and their contributions to the overall air quality assessment.
Air Quality Indicator

Specific Measure

Sulfur

Condition Status/ Trend1 Rationale

Moderate

Wet sulfur deposition warrants moderate concern. Ecosystems in the
park were rated as having moderate sensitivity to acidification effects
relative to all I&M parks (Sullivan et al. 2011c; Sullivan et al. 2011d).
No trend information is available because there are not sufficient onsite
or nearby deposition monitoring data. The degree of confidence is
moderate because estimates are based on interpolated data from more
distant deposition monitors.

Unknown

TICA has moderate levels of mercury deposition at the park, relative to
other areas of the United States (NADP-MDN 2014). However, there
are insufficient data to determine predicted concentrations of
methylmercury in park surface waters (USGS 2015). Therefore, the
condition is unknown.

Wet Deposition2
(continued)

Mercury

Condition assessments for contiguous U.S. parks use the Inverse Distance Weighted (IDW) interpolation method is used to estimate 5year average (2009–
2013) values. Trend analyses use 10 years (2004–2013) of data from onsite or nearby monitors.

2

Reporting units for wet deposition conditions and trends are different. Wet deposition trends are evaluated using pollutant concentrations in precipitation
(micro equivalents/liter) so that yearly variations in precipitation amounts do not influence trends analyses. Wet deposition conditions are based on nitrogen
and sulfur loading (kilograms per hectare per year) to ecosystems.

3

Visibility trends and conditions are both expressed in terms of a Haze Index in deciviews (dv); however, the benchmark metrics are different. Condition
assessments are based on estimated five-year average visibility on midrange days (40th to 60th percentile) minus the estimated natural visibility condition
on midrange days. Visibility trends are computed from the haze index values on the 20% haziest days and the 20% clearest days. Natural visibility
conditions are those estimated to exist in a given area in the absence of human caused visibility impairment. Estimated annual average natural condition on
midrange days equals 3 deciviews (dv) at Timpanogos Cave NM.
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1

Visibility
Vistas at Timpanogos Cave NM are sometimes obscured by pollution-caused haze. Based on 2009–
2013 estimated visibility data, average visibility on mid-range days Timpanogos Cave NM does not
meet the NPS ARD recommended benchmark for good condition as it was 2.6 dv above estimated
natural conditions (3 dv). Therefore, the condition of visibility falls within the moderate concern
category. The degree of confidence in the visibility condition at Timpanogos Cave NM is medium
because estimates are based on interpolated data from more distant visibility monitors (NPS-ARD
2015c).
Ozone
The NAAQS for ozone is set by the EPA and is based on human health effects. Timpanogos Cave
NM is located in Utah county that meets the NAAQS ozone standard of an 8-hour average
concentration of 75 parts per billion (ppb). For this reason, the county is an EPA-designated
“attainment” area for ozone.
Human health risk from ground-level ozone warrants moderate concern at Timpanogos Cave NM.
This condition is based on NPS Air Resources Division benchmarks (NPS-ARD 2015b) and the
2009–2013 estimated ozone concentration (4th highest 8-hour average) of 67.7 parts per billion
(ppb).
Vegetation health risk from ground-level ozone warrants moderate concern at Timpanogos Cave
NM. This condition is based on NPS Air Resources Division benchmarks (NPS-ARD 2015b) and the
2009–2013 estimated W126 metric of 10.3 parts per million-hours (ppm-hrs). The W126 metric
relates plant response to ozone exposure. A risk assessment that considered ozone exposure, soil
moisture, and sensitive plant species concluded that plants at Timpanogos Cave NM were at
moderate risk of foliar ozone damage (Kohut 2007; Kohut 2004 in NPS-ARD 2015c). The park has
at least three ozone-sensitive plants including box elder (Acer negundo), Saskatoon serviceberry
(Amelanchier alnifolia) and mallow-leaved ninebark (Physocarpus malvaceus) (NPSpecies 2015).
Two of the three ozone-sensitive plant species, box elder and mallow-leaved ninebark, are
bioindicators, which can reveal ozone stress in ecosystems by producing distinct visible and
identifiable injuries to plant leaves (Sullivan 2017).
The degree of confidence in the ozone condition is medium because estimates are based on
interpolated data from more distant ozone monitors (NPS-ARD 2015c). A past trend from a nearby
monitor that closed in 2010, indicated that from 2001–2010 ozone concentrations improved (AQS
Monitor ID: 490495008, UT) (NPS-ARD 2015e).
Wet N Deposition
Wet nitrogen deposition data used for the condition assessment were derived from estimated fiveyear average values (2009–2013) of 2.76 kg/ha/yr, which resulted in a moderate concern status. The
degree of confidence at Timpanogos Cave NM is medium because estimates are based on
interpolated data from more distant deposition monitors (NPS-ARD 2015c).
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Ecosystems in the park were rated as having very low sensitivity to nutrient-enrichment effects
relative to all Inventory & Monitoring parks (Sullivan et al. 2011a; Sullivan et al. 2011b in NPSARD 2015c), However, cheatgrass has been identified as a problematic non-native invasive species
at the monument and previous studies indicate that nutrient enrichment can exacerbate the growth of
cheatgrass, a nitrogen-loving grass ([Brooks 2003; Schwinning et al. 2005;Vasquez 2008; Allen et al.
2009] in NPS-ARD 2015e). Extensive areas of weedy grasses have also increased fire risk in the
park. Fire risk increases exponentially when nitrogen deposition reaches 3–4 kilograms per hectare
per year (Rao et al. 2010 as stated in (NPS-ARD 2015e). Fires alter park ecosystems by reducing the
diversity and density of native shrubs. (NPS-ARD 2015e).
In addition to assessing wet deposition levels, critical loads can also be a useful tool in determining
the extent of deposition impacts (i.e., nutrient enrichment) to monument resources. A critical load is
defined as a level of deposition below which harmful effects to the ecosystem are not expected. For
the Timpanogos Cave NM, Pardo et al. (2011) in NPS-ARD 2015d suggested following critical load
ranges for total nitrogen deposition in the Northwestern Forested Mountains ecoregion:
•

2.5–7.1 kg/ha/yr to protect lichen

•

4.0–10.0 kg/ha/yr to protect herbaceous vegetation

•

4.0–17.0 kg/ha/yr to protect forest vegetation

To maintain the highest level of protection in the park, the minimum of the critical load ranges (2.5
kg/ha/yr) is an appropriate management goal.
The estimated maximum 2010–2012 average for total nitrogen deposition was 8.3 kg/ha/yr in the
Northwestern Forested Mountains ecoregion (NADP-TDEP 2014) of Timpanogos Cave NM.
Therefore, the total nitrogen deposition level in the park is above the minimum ecosystem critical
loads for some park vegetation communities, suggesting that lichen, herbaceous, and forest
vegetation is at risk for harmful effects. (NPS-ARD 2015e).
No trend could be determined given the lack of nearby monitoring stations (NPS-ARD 2015c).
Wet S Deposition
Wet sulfur deposition data used for the condition assessment were derived from estimated five-year
average values (2009–2013) of 1.0 kg/ha/yr, which resulted in a moderate concern status. No trend
could be determined given the lack of nearby monitoring stations (NPS-ARD 2015c).
Ecosystems in the park were rated as having moderate sensitivity to acidification effects relative to
all Inventory & Monitoring parks (Sullivan et al. 2011c; Sullivan et al. 2011d in NPS-ARD 2015e).
Acidification effects can include changes in water and soil chemistry that impact ecosystem health.
In general, nitrate, sulfate, and ammonium deposition levels have changed over the past 20 years
throughout the United States. Regulatory programs that mandated a reduction in emissions have
proven effective for decreasing both sulfate and nitrate ion deposition primarily through reductions
from electric utilities, vehicles, and industrial boilers, although a rise in ammonium ion deposition has
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occurred in large part due to the agricultural and livestock industries (NPS-ARD 2009). It seems
reasonable to expect a continued improvement in sulfate deposition levels because of Clean Air
Act requirements, however, at this time, ammonium levels are not regulated by the EPA and may
continue to rise as a result (NPS-ARD 2010).
Wet Deposition: Mercury and Predicted Methylmercury Concentration
Timpanogos Cave NM has moderate levels of mercury deposition at the park, relative to other areas
of the United States (NADP-MDN 2014). However, there are insufficient data to determine predicted
concentrations of methylmercury in park surface waters (USGS 2015). There are currently no
consumption guidelines due to mercury or toxics for fish caught in the American Fork River running
through Timpanogos Cave NM (EPA NLFA 2014 in NPS-ARD 2015e).
Overall Condition and Trend
For assessing the condition of air quality, we used three air quality indicators, which are summarized
in Table 4.1.4-2. We consider the overall condition of air quality at Timpanogos Cave National
Monument to be of moderate concern. No trends could be determined since no monitoring sites are
located within the requisite distances to be representative.
4.1.5. Level of Confidence

The degree of confidence in visibility, ozone, and atmospheric deposition measurements at
Timpanogos Cave NM is medium because all estimates are based on interpolated data from more
distant monitors. There are insufficient data to rate the mercury and toxics deposition condition at
Timpanogos Cave NM.
4.1.6. Data gaps/Research needs/Management recommendations

In the monument’s Foundation document, staff identified air quality assessment and monitoring as a
need but ranked it a lower priority than other data deficits (NPS 2015). When considering future
actions, the park should consider partnerships with state, federal or academia partners for additional
monitoring studies as funding sources allow.
Data and planning priorities for improving air quality at TICA include:
•

Continued support for existing in-park air quality monitoring.

•

Increased monitoring of atmospheric deposition (sulfur, nitrogen, and mercury).

•

Additional support for monitoring air quality and mitigating impacts during wildfire and
prescribed fire events.

•

Management direction and planning efforts that emphasize efforts to protect air quality,
scenic views, and resources sensitive to air pollution.

•

Incorporate air quality and scenic views as appropriate into fundamental resources and
values, park significance statements, interpretive themes, and messaging (NPS 2015).
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•

Identify resources sensitive to air quality and assess future needs in air quality and effects
research and monitoring (in consultation with NPS Air Resources Division and the Regional
Air Resources Coordinator).

•

Monitor mercury and other toxic contaminants in park biota.

•

Special studies to examine pollution dose-response relationships in sensitive park
ecosystems.

•

Monitoring of air quality parameters (e.g., visibility, ozone, and deposition) to better
understand potential threats from nearby development.

•

Consultation with the Utah Division of Air Quality is required prior to prescribed fire
implementation to meet smoke management and air quality requirements.

•

Encouragement for park staff to take the “Air Resources in National Parks” free 2-hour
training course available for online at DOI Learn.

4.1.7. Sources of Expertise

The National Park Service’s Air Resources Division oversees the national air resource
management program for the NPS. Together with parks and NPS regional offices, they monitor air
quality in park units and provide air quality analysis and expertise related to all air quality topics. They
also provide condition assessment guidance, data, and trend analysis, routinely updating the 5-year
averages from which air quality conditions are evaluated.
Kimberly Struthers of Utah State University has written numerous Air Quality assessments for NRCAs in
the Intermountain Region and graciously provided the introductory and background materials for this
section.
The National Park Service’s Air Resources Division oversees the national air resource management
program for the NPS. Together with parks and NPS regional offices, they monitor air quality in park
units, and provide air quality analysis and expertise related to all air quality topics.For current air
quality data and information for this park, please visit the NPS Air Resources Division website at
www.nps.gov/subjects/air/index.htm.
4.1.8. Literature Cited

Allen, E.B., L.E. Rao, R.J. Steers, A. Bytnerowicz, and M.E. Fenn. 2009. Impacts of atmospheric
nitrogen deposition on vegetation and soils in Joshua Tree National Park. Pages 78–100 in R. H.
Webb, L. F. Fenstermaker, J.S. Heaton, D. L. Hughson, E. V. McDonald, and D. M. Miller,
editors. The Mojave Desert: ecosystem processes and sustainability. University of Nevada Press,
Las Vegas, Nevada, USA.
Baron, J.S., C.T. Driscoll, J.L. Stoddard, and E.E. Richer. 2011. Empirical critical loads of
atmospheric nitrogen deposition for nutrient enrichment and acidification of sensitive U.S. lakes.
BIOSCIENCE. American Institute of Biological Sciences, 61(8):602–613.
40

Bobbink, R., K. Hicks, J. Galloway, T. Spranger, R. Alkemade, M. Ashmore, M. Bustamante, S.
Cinderby, E. Davidson, F. Dentener, B. Emmett, J-W. Erisman, M. Fenn, F. Gilliam, A. Nordin,
L. Pardo, and W. De Vries. 2010. Global assessment of nitrogen deposition effects on terrestrial
plant diversity: a synthesis. Ecological Applications 20:30–59.
Brooks, M.L. 2003. Effects of increased soil nitrogen on the dominance of alien annual plants in the
Mojave Desert. Journal of Applied Ecology. 40:344–353.
De Schrijver, A., P. De Frenne, E. Ampoorter, L. Van Nevel, A. Demey, K. Wuyts, and K.
Verheyen. 2011. Cumulative nitrogen input drives species loss in terrestrial ecosystems. Global
Ecology and Biogeography 20:803–816.
Environmental Protection Agency (EPA). 2012. Acid rain. Available at
http://www3.epa.gov/acidrain/what/ (accessed December 15, 2015).
EPA. 2014. Policy Assessment for the Review of the Ozone National Ambient Air Quality
Standards. EPA-452/R-14-006. U.S. Environmental Protection Agency, Research Triangle Park,
North Carolina. Available at:
http://www3.epa.gov/ttn/naaqs/standards/ozone/s_o3_2008_pa.html (accessed December 15,
2015).
EPA. 2015. National ambient air quality standards (NAAQS). Available at
http://www3.epa.gov/ttn/naaqs/criteria.html (accessed December 15, 2015).
Fowler, D., J.A. Pyle, J.A. Raven, and M.A. Sutton. 2013. The global nitrogen cycle in the twentyfirst century: introduction. Philosophical Transactions of the Royal Society B: Biological
Sciences, 368(1621), 20130165. http://doi.org/10.1098/rstb.2013.0165
Greaver, T.L., T.J. Sullivan, J.D. Herrick, M.C. Barber, J.S. Baron, B.J. Cosby, M.E. Deerhake, R.L.
Dennis, J.B. Dubois, C.L. Goodale, A.T. Herlihy, G.B. Lawrence, L. Liu, J.A. Lynch and K.J.
Novak. 2012. Ecological effects of nitrogen and sulfur air pollution in the US: what do we
know?. Frontiers in Ecology and the Environment 10:365–372.
Inouye, R.S. 2006. Effects of shrub removal and nitrogen addition on soil moisture in sagebrush
steppe. Journal of Arid Environments. 65: 604–618.
Kohut, R.J., 2004. Assessing the risk of foliar injury from ozone on vegetation in parks in the
Sonoran Desert Network. 47 pages.
Kohut, R.J., 2007. Ozone risk assessment for Vital Signs Monitoring Networks, Appalachian
National Scenic Trail, and Natchez Trace National Scenic Trail. NPS/ NRPC/ARD/NRTR—
2007/001. National Park Service, Fort Collins, Colorado.
Malm, W.C. 1999. Introduction to visibility. Cooperative Institute for Research in the Atmosphere,
Colorado State University, Fort Collins, CO 80523.
41

NPSpecies. 2015. The National Park Service biodiversity database. Available at IRMA Portal
version. https://irma.nps.gov/npspecies (accessed December 4, 2015).
National Park Service (NPS). 2006. Management Policies 2006-The guide to managing the National
Park System. Washington D.C. 180pp.
NPS. 2015. Foundation Document, Timpanogos Cave National Monument, Utah. 48 Pages.
National Park Service Air Resources Division (NPS-ARD). 2002. Air quality in the national parks,
second edition. Lakewood, Colorado. 70pp.
NPS-ARD. 2003. Air atlas summary tables for I&M parks. Available at
http://www.nature.nps.gov/air/Maps/AirAtlas/IM_materials.cfm (accessed December 15, 2015).
NPS-ARD. 2005. Redesignation of clean air areas. Available at
http://www.nature.nps.gov/air/Regs/redesig.cfm (accessed December 15, 2015).
NPS-ARD. 2006a. Clean Air Act and regulations. Available at
http://www.nature.nps.gov/air/Regs/cleanAir.cfm (accessed December 15, 2015).
NPS-ARD. 2006b. Ozone sensitive plant species, by park, November 2006. Available at
https://irma.nps.gov/NPSpecies/Reports/Systemwide/OzoneSensitive%20Species%20in%20a%20Park (accessed December 16, 2015).
NPS-ARD. 2009. Wet deposition monitoring. Available at
http://www.nature.nps.gov/air/Monitoring/wetmon.cfm (accessed December 16, 2015).
NPS-ARD. 2010. Air quality in national parks: 2009 annual performance and progress report.
Natural Resource Report NPS/NRPC/ARD/NRR—2010/266. National Park Service, Denver,
Colorado.
NPS-ARD. 2013a. Ozone effects on vegetation. Available at
http://www.nature.nps.gov/air/AQBasics/ozoneEffects.cfm (accessed December 15, 2015).
NPS-ARD. 2013b. Methods for Determining Air Quality Conditions and Trends for Park Planning
and Assessments. Available at http://www.nature.nps.gov/air/data/products/methods.cfm
(accessed December 15, 2015).
NPS-ARD. 2015a. Ozone effects on tree growth. Available at
http://www.nature.nps.gov/air/AQBasics/TreeGrowth/index.cfm (accessed December 15, 2015).
NPS-ARD. 2015b. National Park Service Air Quality Analysis Methods: September 2015. Natural
Resource Report NPS/NRSS/ARD/NRR–2015/XXX. National Park Service, Denver, Colorado.
Available at http://www.nature.nps.gov/air/data/products/docs/DRAFT_NPSAirQualityAnalysis_Methods_09-11-2015.pdf (accessed December 15, 2015).

42

NPS-ARD. 2015c. Air quality in parks. Available at
http://nature.nps.gov/air/data/products/parks/index.cfm (accessed December 15, 2015).
NPS-ARD. 2015d. Guidance for evaluating air quality in Natural Resource Conditions Assessments.
Available at http://www.nature.nps.gov/air/planning/docs/20150916_Guidance-For-EvaluatingAQ-In-NRCA.pdf (accessed December 15, 2015).
NPS-ARD. 2015e. June 2015 TICA Resource Brief provided for SotP reports (Why do we care about
air?)
Porter, E., and A. Wondrak Biel. 2011. Air quality monitoring protocol and standard operating
procedures for the Sonoran Desert, Southern Plains, and Chihuahuan Desert networks. Version
2.00. Natural Resource Report NPS/SODN/NRTR— 2011/390. National Park Service, Fort
Collins, Colorado.
Schwinning, S. B.I. Starr, N.J. Wojcik, M. E. Miller, J.E. Ehleringer, and R. L. Sanford. 2005.
Effects of nitrogen deposition on an arid grassland in the Colorado Plateau cold desert.
Rangeland Ecology and Management. 58: 565–574.
Selin, N.E. 2009. Global biogeochemical cycling of mercury: a review. Annual Review of
Environment and Resources 34:43.
Sheibley, R.W., M. Enache, P.W. Swarzenski, P. W. Moran, and J.R. Foreman. 2014. Nitrogen
Deposition Effects on Diatom Communities in Lakes from Three National Parks in Washington
State. Water, Air, & Soil Pollution 225.
Sullivan, T. J., T. C. McDonnell, G. T. McPherson, S. D. Mackey, and D. Moore. 2011a. Evaluation
of the sensitivity of inventory and monitoring national parks to nutrient enrichment effects from
atmospheric nitrogen deposition: main report. Natural Resource Report NPS/
NRPC/ARD/NRR—2011/313. National Park Service, Denver, Colorado. Available at
https://irma.nps.gov/App/Reference/Profile/2168692 (accessed December 17, 2015).
Sullivan, T. J., T. C. McDonnell, G. T. McPherson, S. D. Mackey, and D. Moore. 2011b. Evaluation
of the sensitivity of inventory and monitoring national parks to nutrient enrichment effects from
atmospheric nitrogen deposition: Northern Colorado Plateau Network (NCPN). Natural Resource
Report NPS/NRPC/ARD/NRR—2011/321. National Park Service, Denver, Colorado. Available
at https://irma.nps.gov/App/Reference/Profile/2168722 (accessed December 17, 2015).
Sullivan, T. J., McPherson, G. T., McDonnell, T. C., Mackey, S. D., Moore, D. 2011c. Evaluation of
the sensitivity of inventory and monitoring national parks to acidification effects from
atmospheric sulfur and nitrogen deposition: main report. Natural Resource Report NPS/
NRPC/ARD/NRR—2011/349. National Park Service, Denver, Colorado. Available at
https://irma.nps.gov/App/Reference/Profile/2170555 (accessed December 17, 2015).
Sullivan, T. J., G. T. McPherson, T. C. McDonnell, S. D. Mackey, and D. Moore. 2011d. Evaluation
of the sensitivity of inventory and monitoring national parks to acidification effects from
43

atmospheric sulfur and nitrogen deposition: Northern Colorado Plateau Network (NCPN).
Natural Resource Report NPS/ NRPC/ARD/NRR—2011/366. National Park Service, Denver,
Colorado. Available at https://irma.nps.gov/App/Reference/Profile/2170594 (accessed December
17, 2015).
Sullivan, T.J. 2017. Air Pollution and Its Impacts on US National Parks. CRC Press, Boca Raton, FL.
United States Federal Register. 1970. Clean Air Act. Public Law 95-124. Pages 5673–5965.

44

4.2. Cave Climate
4.2.1. Background

The climates of subterranean caves are largely unaffected by short-term variability in surface weather
conditions (Smithson 1991). Cave biota and speleothem formation processes have thus adapted to
conditions characterized by the relatively small ranges of temperature and humidity unique to a
particular cave system (Loaiciga et al. 2000, Fernandez-Cortes et al. 2010; Section 4.5). Maintaining
natural cave climate regimes (those that existed prior to human presence) is often identified as the
most important means by which to conserve cave resources (Thornberry-Ehrlich 2006, Toomey
2009, Fernandez-Cortes 2010).
Tunnel Construction
The caves that make up the TICA system formed independently as three physically separate caverns
(Pulham 2009). In the 1930s tunnels were constructed to facilitate access for visitors, modifications
that resulted in one interconnected system. Eliminating the natural isolation of the three caves altered
the climate in all of them by facilitating novel airflow patterns and reducing humidity (Armstrong
2010, NPS 2013). Connecting the caves also likely compromised what may have been important
differences in microclimates between the three caves (Šebela and Turk 2011, Mammola et al. 2015).
Redwood doors were later installed at each end of the three tunnels in an attempt to mitigate these
impacts. However, over time, the redwood doors deteriorated and were replaced. New doors, made of
a composite material, were then installed but did not adjust well to humidity and airflow actually
increased (Armstrong 2010, NPS 2013). The tunnel doors were again replaced in June 2015 with
doors that include more efficient airlocks (C. McKinney, pers. comm. 2015).
Human Impacts
The large number of people who enter the TICA caves during the visitation season—mostly visitors
but NPS staff as well—have measurable impacts on the natural climate of the caves. The topic of
visitor impacts on cave climate is addressed in detail in the park’s Cave Management Plan (NPS
2013), which concludes that the primary impacts of high visitation are: 1) seasonal increases in
average ambient cave temperatures that occur as a result of body heat and artificial lighting, and 2)
increased airflow and reduced humidity resulting from hundreds of door openings each day
(Calaforra et al. 2003, Armstrong 2010, NPS 2013).
Climate Change
Global climate change effects that alter surface conditions will likely have impacts on cave climate
(Section 4.3). For example, reduced precipitation and higher temperatures, as are predicted for this
region, will affect the hydrology of the cave watershed, potentially further reducing humidity
(Loáiciga et al. 2010). Temperature changes on the surface may translate to increased cave
temperatures, but early research suggests many decades may ensue before correlated changes will be
noticed (Domínguez-Villar et al. 2014).
4.2.2. Reference Conditions

Given the absence of information on climate conditions of the caves prior to human entrance,
determining the natural ranges of temperature and humidity within the caves is not possible. Even if
historic conditions were known, the existence of the tunnels precludes the possibility of completely
45

restoring a natural climate. Ideally, airflow between the caves should be near zero and future changes
in temperature, humidity and airflow should not impact formation processes or alter biotic
communities (NPS 2013).
4.2.3. Data and Methods

An NPS monitoring effort that began in 2000 measures temperature and humidity throughout the
cave system (NPS 2012). Permanent dataloggers (currently six) are installed near caves entrances to
detect seasonal fluctuations while data collected from interior regions record the stable, ‘dark zone’
climate conditions. The methods and data from this effort are described in Armstrong (2010) and
subsequent reports and are summarized below. In an effort to understand cave climate fluctuations
associated with the tunnels, 12 additional dataloggers were installed in 2009–2010 to record interior
ceiling and floor conditions (Armstrong 2010). A summary of cave climate data was compiled in
2015 (NPS unpublished data).
4.2.4. Resource Condition and Trend

Temperature
In areas away from entrances and primary tour routes, temperatures were mostly unchanged
throughout the 2009–2010 study. The average temperature of Hansen Cave, the lowest/coldest cave
and the one least affected by tour impacts, was nearly consistent at 43.0°F/6.0°C. The average
temperature of Middle Cave was 47.5°F/8.6°C, and in the tunnel between those two caves (during the
tour season) maximum temperatures were about 48.0°F/8.9°C. The average temperature for
Timpanogos Cave was 46.5°F/8.1°C and the daily variation in temperature in that cave was smaller
during the tour season than it was in the other caves.
Near entrances, in the tunnels between the caves, and at lighted portions of the tour (where people
congregate), maximum temperatures were higher and more variable than in other areas. For example
at Middle Cave Entrance, the most variable sampling point, average daily temperatures throughout
the year varied within a range of 11.4°F/6.3°C. Temperature variability also increased in relation to
visitation levels, for example when visitation was greatest—on the weekends during the summer—
daily temperatures increased 0.5°F/0.3°C more than on weekdays. Temperature changes that
occurred during the high visitation periods of summer were persistent and some cave areas did not
return to pre-summer levels until the following spring (Armstrong 2010).
Humidity
In all areas except Hansen Cave humidity was 100% throughout the year. In the area of Hansen
Cave, which is closest to the main entrance, the movement of cold, dry air into the cave caused
humidities to drop as low as 82%. Also, the absence of complete seals on the doors allowed cold air
to move from the lower parts of the caverns, where it would otherwise remain stationary, to higher
parts of the caves (Armstrong 2010).
A non-statistical observation of temperature data obtained since 2002 suggests that average
temperatures in the caves have declined (NPS unpublished data). Though further analysis of these
data is needed, a true declining trend in temperature may indicate the effectiveness of better cave
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management policies such as fewer visitors and the installations of LED lighting (C. McKinney, pers.
comm. 2015).
Overall Condition
The condition of the cave climate cannot be determined. Although the climate has been changed by
human presence and physical modifications, it is not known to what degree these changes have
affected biologic organisms and physical processes.
4.2.5. Level of Confidence

High for conditions during the 2008–2009 study, Moderate to Low at present.
4.2.6. Data Gaps and Research Needs

Climate monitoring within the caves should continue. Higher level of statistical analysis of past
temperature and humidity data could reveal important trends or stability in these measures and
accompany observations of changes in surface climate related to global climate change. Further
research on speleothem development and studies on microorganisms should be encouraged and could
also benefit from additional analysis of cave climate data.
Monitoring the impacts of high visitation levels on cave climate should continue.
The 2009–2010 airflow study should be repeated with the existing doors in place.
4.2.7. Sources of Expertise

Cami McKinney, Andy Armstrong
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4.3. Surface Climate
4.3.1. Background

Climate change is affecting resources in national parks across the country (Gonzalez 2011, Hansen et
al. 2014). Data show that changes in temperature and precipitation are accelerating (Monahan and
Fisichelli 2014), and all models predict future increases in the rates of change if CO 2 emissions are
not significantly and rapidly reduced (Weaver et al. 2007, Ashfaq et al. 2013, IPCC 2014).
Climate change is a strong force that will require species to respond rapidly to environmental
conditions to which they are largely unadapted (Burns et al. 2003, Saunders et al. 2007, NPS 2010,
Corlett and Westcott 2013, Quintero and Wiens 2013). To protect and preserve resources in this
scenario will require immense effort, and the National Park Service (NPS) recognizes this challenge
(Whittington et al. 2013, van Riper et al. 2014), though NPS faces many challenges in responding to
climate change, including budget constraints, uncertainty regarding agency priorities, and the
vagaries of public perception and awareness (Archie et al. 2012, Cross et al. 2013).
Environmental properties that will be particularly affected by climate change and that have strong
influence on natural resources and ecological processes at TICA are average annual and seasonal
temperatures, and total precipitation and form (rain vs. snow). This report identifies observed and
predicted impacts to resource groups from climate change at TICA in general terms only; specific
impacts to resources, if known, will be included in relevant sections below.
Regional Climate – Temperature
Temperatures recorded at TICA headquarters (approx. 5,600 ft/1,700 m elev) range from lows of
near 0°F/−18°C to over 100°F/38°C (Gillies and Ramsey undated). Nearly all climate models predict
that average temperatures in the western U.S. and specifically across the Colorado Plateau and in
Utah will continue to increase over the next several decades by approximately 4°F (2°C) by 2050
(Utah 2007, Bonfils et al. 2008, Gutzler and Robbins 2011, dos Santos et al. 2013, Hansen et al.
2014, IPCC 2014, Scherer and Diffenbaugh 2014). Moreover, some models suggest that temperature
change in Utah will be greater than almost anywhere else in the world, resulting in fewer frost days,
longer growing periods, and possibly prolonged drought (Utah 2007).
Regional Climate – Precipitation
Summers in the Wasatch Mountains of Utah are warm and characterized by orographic storms, while
winters can be severe with heavy snowfall (Gillies and Ramsay undated). Precipitation can range
from lows of 10 in/year (~25 cm) to over 50 in (127 cm) in areas of high snowfall. Climate change is
predicated to have significant impacts on precipitation in Utah, for example, the projected decline in
average annual precipitation for the west under a high emission scenario is approximately 3% by
2100 (Gutzler and Robbins 2011, NCA 2014).
Models predict that climate change will result in persistent drought and declining precipitation
amounts across most of the western U.S. and specifically in Utah for at least the next half-century
(Utah 2007, Gutzler and Robbins 2011, IPCC 2014, NCA 2014). Increasing temperatures, and
particularly increasing average minimum temperatures, will also result in reductions in annual
snowpack and runoff (Hamlet et al. 2005, Ashfaq et al. 2013, US Assess, 2014).
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Impacts on Resources
Caves

The potential impacts of climate change on cave resources are addressed in Sections 4.5
(Speleothems and Microorganisms), 4.6 (Water Quality and Chemistry) and 4.8 (Cave Watershed
and Hydrology).
Vegetation Communities

Overall, vegetation cover and native species richness are expected to decline in the western U.S. (and
specifically in national parks) as a result of climate change (Notaro et al. 2012, King et al. 2013,
Whittington et al. 2013). Entire vegetation communities may experience spatial shifts or increases or
decreases in extent (Harsch and Ris Lambers 2014, Kopp and Cleland 2014). The direction and
degree of change will be extremely variable across community types but is expected to be
particularly dramatic in western forests (Dale et al. 2001, Allen et al. 2010, Martinez-Vilalta et al.
2012, Vose et al. 2012, Williams et al. 2012, Rice et al. 2017).
Plant Populations

In mountainous areas such as the Rockies, earlier snowmelt and higher spring temperatures are
triggering flowering plants to bloom when migrating pollinators (such as hummingbirds) have not yet
arrived from their wintering locations (Inouye 2008, Anderson et al. 2012), or before insects have
developed to an appropriate life stage (Hegland et al. 2009, McKinney et al. 2012, Caradonna et al.
2014). The absence of pollinators may have particularly serious consequences in high-altitude plant
species and consumers (Post et al. 2008, Mysterud 2013). In the higher altitudes of TICA and the
Wasatch range, herbaceous species with short growing seasons will likely be less productive under
reduced precipitation scenarios (Walker et al. 2006).
Landbirds

As temperatures warm, landbird species are likely to experience relatively rapid elevational range
shifts (Sekercioglu et al. 2008, Maggini et al. 2011). Species already living at higher elevations have
a greater risk of extinction given the limitation of additional habitat at higher (cooler) elevations
(Sekercioglu et al. 2008, Grundel et al. 2014). Phenological responses to climate change impacts
have already been widely observed (Crick 2004, Swanson and Palmer 2009, Kellermann and Van
Riper 2015) and it is expected that migratory species, including many temperate landbird species,
will be particularly affected by phenological disruptions that alter landbird-resource connections
(Auer and Martin 2013, Small-Lorenz et al. 2013).
Wildlife

Increasing temperatures will drive species with lower thermal tolerances (e.g. pikas, Ochotona
princeps uinta) to shift their distributions to higher elevations, though clearly there are altitudinal
limits (Inouye et al. 2000, Moritz et al. 2008, Chen et al. 2011). Generalist species—those that can
adapt to greater variability in habitat and resources—may increase in abundance while more
specialist species will likely decrease (Rowe et al. 2011, Kelt et al. 2013; Section 4.11).
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4.3.2. Reference Conditions

Given the realities of climate change it is not possible to determine a reference condition for climate
at TICA. An assessment could be made of the extent of change compared to historic climate
conditions or to predicted change, but such efforts are beyond the scope of this report. This
assessment will present general observations of predicted and current climate conditions as reported
by other sources.
4.3.3. Data and Methods

Within the NPS, the Northern Colorado Plateau Network (NCPN) summarizes precipitation,
temperature, and wind data monitored via RAWS (Remote Access Weather Station), SNOTEL
(Garman et al. 2004), and stations within the National Weather Service Cooperative Network. TICA
has three monitored weather stations: one NWS Co-Op station is located on the canyon floor and one
is on the canyon rim, while the third station is a staff-monitored HOBO station located near the
Timpanogos Cave Entrance. Data synthesis and analysis methods as well as station identifiers and
locations are provided in Witwicki (2013).
The National Climate Data Center (www.ncdc.noaa.gov) provides copious data for the Wasatch
Range, though there is no station in close proximity to TICA. Data presented in Figures 1 and 2 for
total precipitation and snowfall are from three stations: Alta, Deer Creek, and Silver Lake (Table 4.31). Snowfall accumulation data are presented in Figure 4.3-1 from the SNOTEL site on Mt.
Timpanogos. The data from these stations are provided in addition to data included in Witwicki
2013.
Long-term climate analyses using multiple temperature and precipitation variables for many national
park units were compiled by Monahan and Fisichelli (2014) with methods described therein. A
summary of data from two stations (at the canyon bottom and near the cave entrance) was compiled
in 2015 (NPS unpublished data).
Future climate change predictions for Utah and the western U.S. have been developed by numerous
researchers utilizing various methods. An evaluation of climate models and how they are applied is
beyond the scope of this assessment; details of global (GCM) and regional (RCM) climate models
used are available in referenced materials.
Table 4.3-1. Station locations included in assessment (TICA ranges in elevation from approximately
5,400–8,000 ft/1,650–2,450 m).
Station Name

Station ID

Elevation

Location

Alta

USC00420072

8,730 ft/2,661 m

Alta ski resort; approx. 12 (direct) miles from
TICA

Deer Creek Dam

USC00422057

5,270 ft/1,606 m

Deer Creek State Park; approx. 10 miles
from TICA

Silver Lake

USC00427846

8,740 ft/2,664 m

Brighton; approx. 13 miles from TICA
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4.3.4. Resource Condition and Trend (Climate Change)

Temperature
The average temperatures in Utah for the past decade were higher than ever previously recorded
(Utah 2007, NRCS 2014). Average winter temperatures have shown the greatest increase, and
minimum temperatures are increasing faster than maximum temperatures (Dos Santos et al. 2013).
For TICA, Monahan and Fisichelli (2014) found that five temperature variables were “extreme
warm” (annual mean temperature, maximum temperature of the warmest month, minimum
temperature of the coldest month, mean temperature of the driest quarter, mean temperature of the
warmest quarter), and that no temperature variables were “extreme cold.” Witwicki (2013) found no
significant trends in means of annual maximum and minimum temperatures in over 50 years of
records since 1948.
Precipitation
Available data do not yet indicate changing trends in annual (or water year) precipitation or snowfall
on the Colorado Plateau (Mote et al. 2005, Utah 2007, Day 2009, Ashfaq et al. 2013, Dos Santos et
al. 2013, Witwicki (2013), Pederson et al. 2013; Figure 4.3-1). Snowfall data, however, suggest
declining trends in northern Utah (Figure 4.3-2, 4.3-3). For TICA, Monahan and Fisichelli (2014)
found no extreme variability in precipitation variables. Witwicki (2013) found no significant trends
in means of total snowfall or total precipitation since 1948.
In general, though it is somewhat redundant, the condition of the climate must be considered poor.
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Figure 4.3-1. Total precipitation, three Uinta Range stations, 1990–2014, from National Climate Data
Center data (https://gis.ncdc.noaa.gov/maps/).
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Figure 4.3-2. Snowfall accumulations Nov–Mar, three Uinta Range stations, 1990–2014, from National
Climate Data Center data (https://gis.ncdc.noaa.gov/maps/).

Figure 4.3-3. Snowfall accumulations, 2004–2014, SNOTEL station on Mount Timpanogos
(https://www.wcc.nrcs.usda.gov/index.html).

4.3.5. Level of Confidence

For past and current conditions – high. For future trends – moderate to high.
4.3.6. Data gaps/Research needs/Management recommendations

There is an acknowledged need by climate scientists for downscaled ecologic information regarding
short and long-term responses to climate change for most if not all species and systems of interest
(Parmesan 2006, van Riper et al. 2014).
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4.4. Cave Water Quality
4.4.1. Background

The presence of fresh water is fundamental to living cave ecosystems (Bonacci et al. 2009, Angel
and Peterson 2012, Baker and Fairchild 2012). Water can enter caves rapidly from the surface or it
can seep slowly from groundwater aquifers (Bonacci et al. 2009).
Environmental conditions within the watershed surrounding a cave strongly influence the quality of
water within the cave (Fairchild et al. 2006; Section 4.5), and water that is negatively impacted by
surface landuse can impact cave formations and biological organisms (Lerch et al. 2001, Neill et al.
2004, Knierim et al. 2015). For example, human and animal waste can deposit pathogens which are
then transported through the epikarst (roughly the zone between the soil and the cavern; Northup and
Lavoie 2001, Campbell et al. 2011, Kniemen et al. 2015), and chemicals from human activities, such
as hydrocarbons from oil and gas production, can enter caves and degrade cave water quality,
particularly during storm events (Mahler et al. 2000, Kniemen et al. 2015). In general, studies have
found that cave water quality declines as the relative amount of non-vegetated landcover increases
within a cave watershed; the loss of vegetation removes the natural filtering properties of vegetation
and human inputs are correspondingly increased (Breecker et al. 2012, Lan et al. 2015).
4.4.2. Reference Conditions

Water quality and chemistry in caves are generally assessed as factors that impact cave processes and
biological organisms (Smith et al. 2003, Lan et al. 2015), though such studies are rare. Efforts that
have evaluated water quality in relation to invertebrate communities in caves have utilized
temperature (T), dissolved oxygen (DO), electric conductivity (EC), pH, velocity of water flow (V)
and percentage of organic matter (OM) in the sediment (Taylor and Ferreira 2012). Only for organic
matter have measurable reference conditions been discussed in the literature; for E. coli levels should
be within 100–200 colonies/mL especially during storm events (Campbell et al. 2011, Taylor and
Ferreira 2012, Kniemen et al. 2015). Nitrate should be less than 1 mg NO3/L (Angel and Peterson
2012). Other than these parameters, established criteria for acceptable water quality standards for
caves or emerging contaminants have not generally been identified (C. McKinney and D. Perkins,
pers. comm. 2011).
4.4.3. Data and Methods

A recent study (reported in Florea et al. 2013 and Dugan 2015) looked closely at the chemical
composition of TICA cave waters in relation to water sources (Detailed methods are available in
those reports). Briefly, Florea et al. (2013) collected water samples weekly from May through August
and in October of 2012 in five cave pool locations and analyzed them for constituent chemicals and
the presence of dye tracers.
Prior to the work cited above, in 2003 and 2004 the park sampled cave waters for multiple
contaminants at two sites, Hansen Cave Spring and Hidden Lake (Van Grinsven et al. 2010). In 2010
NCPN began sampling for emerging contaminants (pesticides, pesticide degradation products, and
wastewater indicators) and added sampling for pharmaceuticals and personal care products (PPCPs)
in 2012 (Weissinger 2014). All known sampling of cave waters is presented in Table 4.4-1.
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Table 4.4-1. Locations and dates of known water sampling in TICA caves.
Location
Middle Cave Lake (MC)*

Hansen Cave Lake (HC)
(STORET #4994970)

Type of Sampling
Electric Conductivity

Date (s)

Reference

2010–2013

Weissinger 2014

2012

Florea et al. 2013

Ion Chemistry
Standard WQ Parameters

2008–2009

VanGrinsven et al. 2010

Standard WQ Parameters

2010–2012

Hackbarth and Weissinger 2013

Electric Conductivity

2013

Weissinger 2014

Ion Chemistry

2012

Florea et al. 2013

Standard WQ Parameters

2008–2009

VanGrinsven et al. 2010

Standard WQ Parameters

2010–2012

Hackbarth and Weissinger 2013

Electric Conductivity

2010–2013

Weissinger 2014

Ion Chemistry

2012

Florea et al. 2013

Cavern of Sleep (TC)

Ion Chemistry

2012

Florea et al. 2013

Soda Pop Pit (TC)

Ion Chemistry

2012

Florea et al. 2013

Unknown

Standard WQ Parameters

Hidden Lake (TC)
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1990–1991

* MC – Middle Cave; HC – Hansen Cave; TC – Timpanogos Cave.

USGS and NPS 2003

4.4.4. Resource Condition and Trend

Water Quality
Water quality in the caves is generally very good, and none of the samples collected in 2008–2009
exceeded water quality standards (Van Grinsven et al. 2010). Hackbarth and Weissinger (2013)
found increased phosphorous levels from 2010–2012. Contaminants of emerging concern (CEC) that
were detected in Middle Cave Lake from 2010–2013 include caffeine and DEET (>30% of samples),
and three new Personal Care Products (PPCPs) occurred in 2013: methylparaben, theobromine, and
theophylline (Weissinger 2014).
Water Chemistry
Water chemistry results indicate that water flows primarily over limestone bedrock before reaching
the caves, with dominant chemical constituents in cave pools of calcium and magnesium ions (Ca2+,
Mg2+) and bicarbonate (HCO3-; Florea et al. 2013). There may also be geothermal sources of water,
indicated by elevated concentrations of sulfate and fluorine in the pools (Florea et al. 2013). Though
water flows through multiple pathways from the surface and/or aquifers, there are at present no
indications that water is transporting toxic or hazardous materials to the TICA caves (Florea et al.
2013).
4.4.5. Level of Confidence

Moderate.

4.4.6. Data Gaps and Research Needs

Further research should be encouraged that builds upon Florea et al. (2013) to definitively determine
the extent of the cave watershed.
Partnerships with landowners of surface areas known to be within the cave watershed should be
developed or expanded upon to cooperatively prevent introduction of hazardous materials that may
flow into the TICA cave system (Florea et al. 2013).
Water monitoring should continue within the caves, and the potential impacts of climate change on
karst groundwaters should be investigated (Veni 2013).
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4.5. Cave Formations and Microorganisms
4.5.1. Background

Formations
Cave formations (speleothems) are residual deposits in karst environments created when water flows
or drips through cave systems (Baker and Fairchild 2012). As water flows from the surface through
rocks and soil it reacts with CO2, increasing the acidity of the water. If carbonate and sulfate rocks
such as limestone are present beneath the surface, water moving through these layers dissolves the
rocks and CaCO3 (calcium carbonate) is carried in solution (‘solution caves’; Baker and Fairchild
2012). When water reaches the ceiling of an underground space and reacts with the air, CO2 is
released and calcite is deposited.
Depending on conditions, the accumulations of calcite and other minerals over long periods of time
can create the enormous variety of cave formations collectively known as speleothems (Fairchild and
Baker 2012). Speleothems are non-renewable resources, increasing in size and complexity (i.e.
accumulating deposits, or ‘growing’) at very slow rates (~0.25 in/0.64 cm per year). The rate and
form of speleothem growth depend on the chemical and biological composition of cave waters,
atmospheric conditions (particularly levels of CO2), and surface vegetation (Genty et al. 2001,
Banner et al. 2007, Lachniet 2009, Stein et al. 2010, Breecker et al. 2012, Veni 2013). Because
speleothems accumulate different compositions of minerals as water chemistry changes over time,
similar to glacial ice cores, cave formations preserve a very long-term record of past environmental
and atmospheric conditions (McDermott 2004, Fairchild and Treble 2009, Brennan and White 2013).
TICA caves contain a high diversity of formations, including stalactites (formations that grow from
the ceiling), helictites (formations where new growth can occur sideways or even vertically), and
flowstones (formations created when water flows over cave walls and floors rather than drips from
the ceiling; White and Van Gundy 1971). The diversity and colors of the TICA speleothems are in
many ways unique for caves of this size (Figure 4.5-1). Descriptions of the cave formations of the
TICA caves can be found in Thornberry-Ehrlich (2006), Pulham (2009), Florea et al. (2013), and on
the park website, nps.gov/tica.
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Figure 4.5-1. Examples of speloethems from TICA caves. Photos by C. Schwemm.

Microorganisms
Energy pathways in cave ecosystems differ from those in terrestrial systems in that very little primary
production results from photosynthesis (Cunningham et al. 1995, Barton 2006). In un-altered cave
systems, most energy is produced by chemoautotrophs (usually bacteria) that utilize inorganic
chemical sources obtained from rock substrates and the atmosphere (Barton et al. 2004, Barton 2006,
Engel 2007, Falasco et al. 2014). Consequently, most cave systems are nutrient (carbon) limited and
energy pathways are short (Gibert and Deharveng 2002, Campbell et al. 2011, Venarsky et al. 2014).
van Beynen and Townsend (2005) suggest that changes in the microbiology and invertebrate fauna of
caves may be the greatest indicator of human impacts in cave ecosystems. Because microorganisms
have important impacts on cave formations (Jones 2010, Gray and Engel 2012, Tomczyk-Żak and
Zielenkiewicz 2015), the condition of both resources will be addressed together.
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Threats
Physical Impacts

Humans can physically damage speleothems both accidentally and by intent (Horrocks 2013). Loss
of TICA cave features began as soon as the caves were discovered, when early visitors removed
pieces and entire features as souvenirs (Pulham 2009). As visitation increased, ladders and doors
were constructed to make the caves more accessible, and cave features were damaged during those
efforts (Pulham 2009). Current visitation levels necessitate the crowding of many people into small
spaces, conditions that increase the risk of damage to cave formations (NPS 2013). And though
visitors are required to be with ranger tour guides at all times, there are still rare instances of
vandalism (C. McKinney, pers. comm. 2015). In addition to physical damage, speleothem integrity
can be degraded by biological organisms and chemical processes; for example, the significantly
increased levels of CO2 in show caves resulting from human respiration have been shown to affect
formation growth processes (Baker and Genty 1998, Fernandez-Cortes et al. 2010, Saiz-Jimenez
2012).
Introduced Species

When novel microorganisms are introduced into a cave system the diversity and function of these
unique communities are degraded (Chelius et al. 2009, Gray and Engel 2012). Though animals
traveling in and out of caves historically introduced occasional novel species, microorganisms
transported into caves by humans have rapidly altered communities that have evolved largely in
isolation (Barton 2006, Chelius et al. 2009, Adetutu et al. 2012, Griffin et al. 2014). A particular
problem in show caves (caves with high visitation) is lint, a generic term for small particles of hair
and fiber. This material naturally exudes from clothing and bodies then adheres to the moist surfaces
of cave walls and formations, leading to further changes in the existing microorganism communities
(Ikner et al. 2007, Chelius et al. 2009, NPS 2013).
Artificial Lighting

The presence of artificial lighting in caves has had substantial impacts on cave microbiology (Mulec
and Kosi 2009, Alt and Moura 2013). Prior to human visitation, the only light available in cave
systems came from sunlight at entrances or other surface openings, making those the only locations
where photoautotrophs could survive (Barton 2006). Artificial lighting was installed in the TICA
caves beginning in 1938 and since then species that can convert light to energy (‘lampenflora’) have
colonized all parts of the caves where lights are present. The presence of lampenflora facilitates
further disruption of microbial communities by providing resources for novel heterotrophic species
(primarily bacteria; Smith and Olson 2007, Chelius et al. 2009, Falasco et al. 2014). The bacteria
then produce a layer of ‘biofilm’ which discolors features and further alters the chemistry and
ecology of these sites (Cañveras et al. 2001, Falasco et al. 2014).
Changes in Surface Hydrology

Altered surface hydrology expected to result from climate change may further contribute to changes
in existing communities of cave microorganisms. Reductions in water flow and/or changes in water
chemistry have the potential to alter speleothem formation and growth (Baker and Genty 1998).
Potential reductions in snowpack driven by climate change could reduce water flow and affect drip
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rates and water chemistry of cave waters (Baker and Genty 1998, Chelius et al. 2009). Finally,
agricultural and other land uses can introduce livestock-generated and human-related organisms (E.
coli) via water flow from the surface (Campbell et al. 2011; Section 4.4).
4.5.2. Reference Conditions

Formations
The reference conditions for cave formations would be that they continue to grow and develop
naturally and that there be no further damage to speleothems in the future (NPS 2013). Any future
damage or alteration to TICA speleothems would be considered a degraded condition. Because
physical structure affects flow processes, natural function includes no change (reduction) in drip rate
measures.
Microorganisms
Though extant mircroorganisms can be identified, the composition of these communities prior to
human presence is unknown. There should be no further introductions of taxa that have obvious
human sources (e.g. E. coli, lampenflora), or reductions in known diversity of existing native taxa
(NPS 2013).
4.5.3. Data and Methods

Formations
Cave feature inventories were conducted at TICA in 2004 and 2007 by NPS (data available at TICA
headquarters). One result of those inventories was the development of a geospatial (GIS) database
with the locations of all features (NPS 2004). Geologic features are also monitored using 80
established photo-points on a three-year cycle (C. McKinney, pers. comm. 2015). CO2 data
collection in the caves began in May 2014; data are collected once per month during the tour season
from 30 locations within the caves.
Microorganisms
St. Clair and Rushforth (1976) surveyed the diatoms (one group of microorganisms) in the TICA
caves. They found 26 species from 7 sites, 22 of which were found in the big room of Middle Cave.
They suggested that the amount of moisture available at a microclimate scale was the primary factor
influencing diatom diversity, for example species diversity was much lower at drier sites away from
natural openings.
A survey of microbial diversity was initiated in 2003 using DNA identification techniques. Samples
from pristine (minimal human disturbance or presence) and disturbed (near tourist trails) sites
throughout the caves were compared (Porter et al. 2004 with methods described therein). Those
surveys found nine major taxonomic groups in disturbed sediments (Acidobacteria [39%],
Gammaproteobacteria [24%], and Planctomycetes [18%]), but the only group retrieved from the
pristine sites in TC were related to Crenarcheota. Twelve taxonomic groups were retrieved from HD
sediments, with the majority belonging to Betaproteobacteria (20%), Acidobacteria (17%),
Alphaproteobacteria (16%), and Deltaproteobacteria (15%).
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4.5.4. Resource Condition and Trend

Formations
Photopoint data indicate that there have been no observable structural changes in formation condition
since monitoring began. Due to the relatively short period of CO2 data collection, no trend
information is available. Data from the most recently available summer periods (2014–2015) indicate
that Timpanogos Cave has the highest levels of CO2 and Middle Cave the lowest (NPS unpublished
data). Variability in CO2 amounts throughout the cave system may be related to distance from
entrances, microclimate differences, hydrologic processes and human presence (Baker and Genty
1998, Breecker et al. 2012, NPS unpublished data).
Microorganisms
The presence of lampenflora shows that new species have been introduced to the caves. The park
regularly conducts ‘lint removal’ volunteer efforts, indicating the persistent introduction of humantransported particles into the caves. Nothing else is known regarding changes in microbial
communities in the caves since the previously-mentioned studies (C. McKinney, pers. comm. 2015).
4.5.5. Level of Confidence

For speleothems moderate to high. For microorganisms low.
4.5.6. Data Gaps and Research Needs

The Cave Management Plan (NPS 2013) addressed future management options for protection of cave
features and microbes given the realities of visitor impacts. In particular for TICA the largest data
gaps include annual monitoring of microorganism communities. The Park Service acknowledges that
more effort is needed to monitor and understand current conditions of unique cave resources that
have not had the level of funding support that other natural resources groups have had (Pate 2013,
Baker et al. 2015).
4.5.7. Sources of Expertise

Cami Mckinney, National Park Service, TICA
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4.6. Cave/Subsurface Watershed
4.6.1. Background

Cave ecosystems are dependent on the quality (Section 4.4) and quantity of water that enters the
caves (Thornberry-Ehrlich 2006, Bonacci et al. 2009). Water from the surface flows through the
epikarst matrix—micropores and small fissures in the overlying rock and soil layers—or larger
conduits, before dripping or seeping into the caverns and collecting in cave pools (Bonacci et al.
2009). Source waters for caves can come from multiple locations (Childre 2013), and the amount of
water entering a cave can vary greatly depending on season, surface weather conditions and land use
(Doctor et al. 2000). Understanding not only the spatial extent of all waters that flow into a cave
system (subsurface watershed) but also the amount of water necessary to maintain speleothem
processes and biologic communities is necessary for the protection of cave systems (Bonacci et al.
2009, Engel 2010).
The surface watershed from which TICA cave waters originate is located above and generally south
of the caves and can be delineated based on elevation, but the precise extent and location of the
subsurface waters that enter the caves is undefined (Florea et al. 2013, K. Bahr pers. comm, 2020).
Studies have indicated that there are multiple flow paths from the surface; for example while drip
rates at some cave sites (Hansen and Middle caves) increase within minutes to hours after a storm,
the rates at other sites (Timpanogos Cave) remain relatively constant regardless of surface conditions
(Tranel et al. 1992, Thornberry-Ehrlich 2006, Florea et al. 2013, Dugan 2015).
Threats
Any factor that decreases the average yearly flow of water to the caves could indirectly impact cave
resources and processes. For example, if recharge rate—the rate at which groundwater is
replenished—is measurably reduced due to climate change as nearly all models predict (Dragoni and
Sukhija 2008, Green et al. 2011), water quantity in the caves could likewise decline (Hartmann et al.
2014). Type conversion of forest vegetation, such as a significant reduction in tree cover due to
drought or disease, could also alter hydrologic processes that affect groundwater (Vose et al. 2012;
Section 4.12). Reduced water availability for cave ecosystems is anticipated as precipitation amounts
in the western U.S. decline in response to climate change (Dragoni and Sukhija 2008, Hamlet et al.
2005).
The possibility that NPS operations are affecting subsurface hydrology should be considered. Middle
Cave Lake is pumped at the beginning of the visitor season because during the winter months (when
the cave is closed to visitors) the level of the water in the pool rises to a point where it inundates the
trail. The effects, if any, of removing that volume of water from the system are unknown (NPS 2013,
C. McKinney, pers. comm. 2015).
4.6.2. Reference Conditions

Subsurface Watershed
Though much of the surface watershed is outside park boundaries, land-use activities that affect
(decrease) the water quantity of the watershed should be discouraged. The subsurface watershed, if
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found to include any additional areas, should likewise be free of factors that impede water flow into
the caves.
Quantity
Though hydrologic patterns vary over time, a decreasing trend of water entering the TICA caves
would be cause for concern (Hartmann et al. 2014). However, the total amount of water that flows
through caves is not generally measured (as compared to surface flows, e.g. cfs on rivers and
streams). Instead, drip rates at monitored locations and water levels of cave pools are often used as
proxys for total flow (Hartman et al. 2014). Thus, drip rates at TICA should not decline from recent
averages, though it has been suggested that the available data may have been collected during a
period of drought and reduced flows (Hamlet et al. 2005). Pool elevations should vary as they have
historically and likewise should show no indication of declining trends in annual or seasonal levels.
4.6.3. Data and Methods

Subsurface Watershed
A very thorough investigation of the hydrology of the TICA cave system was conducted in 2011–
2012 by Florea et al. (2013) and Dugan (2015), with detailed methods described in those references.
Along with other goals, their research attempted to identify the water flow paths for cave waters and
identify the chemical composition of cave pools as well as chemical changes that occur throughout
the year.
Quantity
Drip rates are generally measured using containers and rain gauges located below actively dripping
speleothems. Pool levels are measured using standard water depth techniques. For TICA, geospatial
information exists on the location of all drip rate monitoring sites (NPS 2004). Lake levels in Hansen
Lake were monitored from June–Dec. 2010, and from Nov. 2012–Sept. 2015, and in Middle Cave
Lake from Aug. 2011–July 2015. Gauge measurements have been collected monthly in Hansen and
Hidden Lakes since 2008.
4.6.4. Resource Condition and Trend

Subsurface Watershed
Middle Cave Lake (MCL) and Hansen Cave Lake (HCL) have greater ranges of water level
variability than do Hidden Lake (HL) and Cavern of Sleep Lake (CSL) which are more consistent.
Florea et al. (2013) and Dugan (2015) suggest that the water sources of the pools with less depth
variability (HL and CSL) are likely near the elevation of the cave (i.e. cave waters come mostly from
groundwater), while the pools with large water-level changes (MCL and HCL) have a greater
proportion of water that originates from the surface (where water availability correlates primarily to
daily rainfall and snowmelt amounts). Given the absence of a clear connection between sources and
pools, actual flow routes into the caves remain elusive and the extent of the subsurface watershed is
still not definitively known.
Quantity
The level of Hidden Lake was relatively constant from 2009–2012 (approx. 2.8 ft/0.8 m) but has
declined since that time to a depth of approx. 2.0 ft/0.6 m (NPS unpublished data).
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4.6.5. Level of Confidence

Moderate

4.6.6. Data Gaps and Research Needs

Many advanced modeling techniques are available that could be applied to the TICA cave system in
the future (Bonacci et al. 2009). However, the absence of definitive results by Dugan (2015) and
Florea et al. (2013), despite the application of established techniques and several attempts, illustrates
the challenges of determining the true sources of TICA cave waters.
Lake-level monitoring should continue.
4.6.7. Sources of Expertise

Cami Mckinney, National Park Service, TICA
Kirsten Bahr, National Park Service, TICA
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4.7. American Fork River (Hydrology and Riparian Ecology)
4.7.1. Background

Hydrology – American Fork Canyon
With headwaters high in the Wasatch Mountains, the American Fork River (AFR) drains the Utah
Lake watershed upstream and to the north/northeast of TICA. A relatively small reach (0.7 mi/1 km)
of the AFR flows through TICA before exiting the canyon and entering Utah Lake to the west. The
American Fork Canyon (AFC), through which the AFR flows, is one of many east-west trending
canyons along the Wasatch Front that were created by tectonic processes (Machette et al. 1991,
Mayo et al. 2009). The Wasatch Front is still rising relative to the western basin, and the entire area
is considered geologically active (Thornberry-Ehrlich 2006, Personius et al. 2012).
Erosional processes on the steep slopes of AFC result in periodic rockfall events that often cause
structural damage and even human fatalities (Thornberry-Ehrlich 2006, Coe and Harp 2007, Harp et
al. 2011; Figure 4.7-1). The incised geology of the canyon also means that flood waters are
channeled into a narrow zone which increases the energy of the flow, resulting in potentially
significant economic consequences (Wieczorek et al. 1989, Shun and Duffy 1999, ThornberryEhrlich 2006). The steep topography has necessitated the location of both NPS and USFS facilities
within the 500-year and in some cases 100-year floodplains, leading to several instances of road and
facility closures, evacuations, and structural damage during intense storm events (Kunkle 2001,
Thornberry-Ehrlich 2006, Pulham 2009, NPS 2012, NPS 2014). For an overview of the geology of
this portion of the AFC see Coe et al. (2005) and Coe and Harp (2007).
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Figure 4.7-1. American Fork Canyon, looking generally west. TICA caves are on the south canyon side
(left in the photo and higher in elevation), and the American Fork River runs through the canyon bottom
where park facilities are also located. Photo by C. Schwemm.

In addition, the reach of the AFR that runs through TICA has been altered by the addition of cement
streambank amendments constructed to protect the highway and facilities from flooding. The
effectiveness of streambank stabilization and other flood-control mechanisms to prevent damage to
buildings and infrastructure has been strongly debated (Gerlak et al. 2009), but nearly all research
demonstrates that hard-surfaces (e.g. revetments, rip-rap) along stream and river courses have
significant detrimental impacts on ecological processes (Tockner and Stanford 2002, Groffman et al.
2003).
Water flow rates of the AFR vary throughout the year in a pattern characteristic of mountain
landscapes in temperate regions (Fig. 4.7-2). The highest flows are between May–July with dynamics
dependent on winter snowfall amounts and snowmelt periods (Shun and Duffy 1999). Average June
flows display the greatest variability when snowmelt and late spring weather patterns interact to drive
flood dynamics, and flows taper off on average throughout the fall and winter with periods
punctuated by floods and high flow events. Flows are likely affected by the presence of the Tibble
Fok Dam, 5 mi (8 km) above TICA, though data describing flows through TICA coincident with
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water management activities in relation to holding or reseasing wate are lacking (T. McKinney pers.
comm. 2020). Reductions in flow over time are anticipated as climate change drives altered
precipitation patterns and higher temperatures (discussed in Section 4.3).
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Figure 4.7-2. USGS data from gage #10164500, 1980–2012
(https://waterdata.usgs.gov/ut/nwis/uv?site_no=10164500).

Ecology
Because of the steep geology of the canyon, the riparian zone associated with the AFR is narrow.
Still, there exists an area adjacent to the river course that in an unaltered state would support floodadapted vegetation communities and associated wildlife and natural ecohydrological processes
(Merritt and Wohl 2002, Hamilton et al. 2015). Periodic flooding in riparian forests results in
younger (more frequently disturbed) stands of woody species near the stream course and increasingly
mature stands further from the water on higher ground (Lytle and Merritt 2004). Cottonwood
(Populus sp.) in particular requires periodic flooding to trigger seed germination and establishment
and remove competitor species that are not flood-adapted (Braatne et al. 1996, Rood et al. 2003,
Lytle and Merritt 2004).
Two riparian woodland plant associations have been identified in TICA: Box-elder/Narrowleaf
Cottonwood/White Fir (Acer negundo/Populus angustifolia/Abies concolor), and Box-elder/Bigtooth
Maple (Acer negundo/A. grandidentatum; Coles et al. 2009). Cumulatively these two woodland types
comprise about 15 ac (6 ha), approximately 9% of the vegetated area of the park (Coles et al. 2009).
Additional common species include Douglas-fir (Pseudotsuga menziesii), Rocky Mountain juniper
Juniperus scopulorum), water birch (Betula occidentalis), willows (Salix spp.), various shrub species,
and exotic grasses (Coles et al. 2009, NPS 2014).
Functioning riparian systems in the western U.S. also support high diversities of invertebrates,
amphibians, fish, landbird, bats, and aquatic-adapted mammals such as beaver (Knopf et al. 1988,
Lytle and Poff 2004, Scott et al. 2010). In Utah, riparian woodlands have been identified as the most
important bird habitat type in the state (Gardner et al. 1999). In the last several decades the greatest
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impacts to the quality of AFR water as wildlife habitat have come from toxic materials, particularly
arsenic, leached from upstream silver and copper mines that are now mostly abandoned (Kunkle
2001, Kimball et al. 2009). Levels of arsenic reached such high levels during the early 2000s that fish
consumption advisories were issued by the EPA and the State of Utah (Lachmar et al. 2006).
The main AFR river stem also supports populations of native Bonneville cutthroat trout (BCT,
Oncorhynchus clarki utah, the State Fish of Utah) a species that has been proposed for federal listing
and that is identified by USFS as a species of concern (Budy et al. 2007). However, because there is
such a small stretch of river that runs through TICA that BCT might use and because the factors that
endanger the species are almost wholly outside the management of NPS and TICA, fish will not be
considered further in this assessment.
4.7.2. Reference Conditions

Hydrologic Function
There should not be a declining trend in average streamflows. An improving condition would be that
periodic floodwaters be allowed to reach shoreline vegetation and man-made alterations that prevent
natural flood processes be removed.
Ecology
The absence of periodic floodplain inundation results in a reduction in woody species reproduction, a
decline in understory diversity, and an increase in exotic species (Rocchio et al. 2004, Williams and
Cooper 2005, Braatne et al. 2007, Merritt and Poff 2010). Consequently, good riparian condition
would support the recruitment of woody species over time, and wildlife and bird communities should
reflect structurally diverse riparian vegetation (Rich 2002).
4.7.3. Data and Methods

Hydrologic Function
Approximately a mile upstream from the park is USGS stream gage # 10164500 (‘Upper
Powerplant’), data which are available online
(https://waterdata.usgs.gov/nwis/inventory/?site_no=10164500&agency_cd=USGS; confirmed
2/19/20).
Ecosystems
There is currently no monitoring of vegetation, landbirds or invertebrates in the riparian area at
TICA. As far as is known the riparian zone at TICA in general has been little studied from an
ecological perspective. Judson and Nelson (2010) investigated the ecology and distribution of aquatic
invertebrates (Ephemeroptera, Plecoptera, and Trichoptera – EPT) in the area. There have been
several surveys that include reviews of the resources of the developed area along the river in relation
to affected areas of construction and restoration projects (NPS 2012, NPS 2014).
4.7.4. Resource Condition and Trend

Hydrologic Function
Free-flowing streams and rivers in temperate zones generally experience multi-year flood patterns
often measured by the distance to which water extends outside or above the normal channel (Bayley
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1995). Thus flood measures are relative and defined by how often they are statistically expected to
occur (for example every 25, 100, or 500 years; http://water.usgs.gov/edu/100yearflood.html).
Rainfall and flood processes along the Wasatch Front are highly variable and large floods relatively
common (Bekker et al. 2014). While the presence of revetments prevents small flood events that
would function naturally to nourish the riparian zone (Opperman et al. 2010), they do not prevent
flooding during significant events. As far as is known no specific studies have been conducted on this
portion of the AFR to quantify ecologic changes resulting from floodplain alterations.
Nearly all observers anticipate that water availability in the western U.S. will decline as a result of
climate change (Harding et al. 2012), and that reductions in annual precipitation will impact river
flows and riparian systems, particularly in Utah (Bardsley et al. 2013, Reynolds et al. 2015).
Streamflow patterns are also changing in response to climate change, with temperate, snowdependent systems experiencing earlier peak flows on average (Stewart et al. 2005), and possibly
greater variability over longer time scales (Jain and Lall 2000, Carson 2007). A cursory examination
of available data (Figure 4.7-3) indicate that AFR flows have been below average for the past several
years, though these data have not been statistically evaluated. An historic water diversion facility of
upstream of TICA historically reduced flows through the TICA reach (Martin and Jackson 1999) but
has since been decommissioned.

Figure 4.7-3. Recent flow hydrograph of American Fork River, from USGS gage # 101645000
(http://nwis.waterdata.usgs.gov/ut/nwis/uv/?dd_cd=01_00060&format=img_stats&site_no=10164500&beg
in_date=20130101&end_date=20150502).

Ecosystems
Coles et al. (2009) found white fir seedlings in one riparian sample plot, indicating some
reproduction for that species (though not necessarily recruitment because seedlings often die before
becoming established; Fenner and Thompson 2005). Judson and Nelson (2010) found relatively high
diversity of aquatic invertebrates but long-term data are unavailable. All data suggest very good
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water quality in the portion of the AFR that runs through TICA, though the river is recovering from
very high toxic loads present as a result of past mining activities upstream. Clean-up efforts have
been ongoing since the mid-2000s and appear to have been largely successful (Lachmar et al. 2006).
This area of the river experiences high visitor use in the summer by picnickers and hikers. Foot
traffic likely impacts potential seedling recruitment, particularly of woody species (Poff et al. 2011),
and riparian bird communities (Miller et al. 1998).
4.7.5. Level of Confidence

Hydrologic Function – High
Ecosystems – Low to Moderate.
4.7.6. Data Gaps and Research Needs

Stream flow data collected by USGS upstream of TICA may be interrupted if funding to maintain the
gauge is unavailable. If this occurs, efforts should be made to collected stream flow data by alternate
methods.
Additional information on streamside ecosystems should be collected.
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4.8. Cave Invertebrates
4.8.1. Background

Invertebrate species found in caves can be either cave-obligates (troglobites) or species that utilize
caves but also spend time above-ground (troglophiles; Howarth 1983). The absence of photosynthetic
organisms in caves leads to a situation where energy comes largely from outside the system
(allochthonous), such as from leaves and other vegetative material that wash into the cave (Smith et
al. 2003, Schneider et al. 2011, Venarsky et al. 2012). Consequently, invertebrate community
diversity in caves often varies in relation to the number and location of connections between the cave
and the surface (Tobin et al. 2013). Because caves are highly insular systems (Culver 1970, Barr and
Holsinger 1985) they often support relatively high levels of troglobite endemism (Culver et al. 2000,
Panek and Despain 2013, Wynne 2013).
Threats
Because nothing is known about invertebrate diversity in the TICA caves prior to human entry, it is
impossible to know the extent to which human presence has altered this community. It is likely that
in the century following the discovery of the caves some native troglophilic invertebrate species, as
well as microorganisms (Section 4.5), were lost and new species introduced (Panek and Despain
2013). The construction of the tunnel systems at TICA eliminated the natural habitat insularity of the
three caves, potentially allowing movement of invertebrate species across communities that were
historically separate (Nelson et al. 2004, Mammola et al. 2015). Current concerns for managers are
that invertebrate diversity will be further altered into the future, additional new species will be
introduced, and/or as-yet undiscovered species will be extirpated before they are identified (Culver
1970, Pate 2013, C. McKinney pers. comm. 2015).
4.8.2. Reference Conditions

Given the absence of known, natural diversity, Panek and Despain (2013) suggest the best measure
of the condition of cave invertebrate communities is the presence/absence of species in their host
caves for a period of observation of 5–10 years. Specifically, for TICA, the continued presence of
extant troglophiles will demonstrate habitat connectivity between the caves and surface environments
(NPS 2013, Pape and O’Connor 2014). Conversely, the presence of new troglophiles indicates that
species are being introduced from the outside environment, likely by human transport. It is extremely
unlikely if not impossible that any troglobite species (cave obligate) would now naturally colonize
the TICA caves from another cave, so any ‘new’ cave obligates observed in the future should be
considered native but previously undetected species. As far as possible, differences in diversity that
may be related to variable microclimates between the three cave communities, (i.e. that existed prior
to tunnel construction) should be maintained.
4.8.3. Data and Methods

In 2002–2003 Nelson et al. (2004) attempted to quantify invertebrate diversity within the TICA
system using a variety of trapping and observational approaches (methods are described therein).
This effort resulted in the collection of 31 species (30 arthropods and one annelid; Table 4.8-1). The
report does not mention whether any species had been recently introduced by human activities (or
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whether it is even possible to know). There have been no subsequent studies on invertebrates or
microorganisms in the caves (C. McKinney, pers. comm. 2015).
Table 4.8-1. Macroinvertebrates found by Nelson et al. 2004.
Group

Species

Comments

Annelids:
Oligochaeta

Earthworms

One species probably came from outside.

Chilopoda (centipedes)

Single unidentified species in the order
Lithobiomorpha; common in this survey

Diplopoda (millipedes)

Several unidentified species

Arachnids (spiders)

Six species: one mite, one pseudoscorpion,
three spiders, one harvestman (daddy longlegs); they suggested there may be
additional spider species; the
pseudoscorpion may be a cave-adapted
species;

Colembola (springtails)

Four families; one species (Tomocerus spp.)
possibly of conservation concern;

Orthoptera (crickets)

One species (Ceuthophilus?)

Coleoptera (beetles)

Five species, none appeared to be cave
specialists

Diptera (flies)

Nine species, several common outside the
caves; one gnat species may be undescribed
and endemic;

Lepidoptera (moths and butterflies)

Two species, at least one common outside of
caves;

Hymenoptera (bees, wasps, ants)

One species, likely not a cave obligate

Arthropods:
Myriapoda

Arthropods:
Chelicerata

Arthropods:
Insecta

4.8.4. Resource Condition and Trend

There have been no further surveys of macroinvertebrates in TICA since Nelson et al. (2004), and the
current distribution and diversity of invertebrates is unknown (NPS 2013, C. McKinney, pers. comm.
2015). There have been no efforts to determine whether species have expanded from one of the three
original cave systems to other areas of the larger complex with the creation of the tunnels, nor has
there been identification of any species known to be introduced since the caves were discovered.
Consequently, very little can be said regarding the current condition of invertebrate communities in
the TICA caves in relation to the natural condition or to the surveys by Nelson et al. (2004) over a
decade ago.
4.8.5. Level of Confidence

Low

4.8.6. Data Gaps and Research Needs

Ideally regular cave-wide surveys should be conducted for invertebrates to quickly detect new and
undesired introductions. However, because new introductions will occur from the outside and cave89

wide surveys have additional impacts, regular presence-absence trapping only near entrances would
likely detect new introductions (Cunningham et al. 1995, Tobin et al. 2013, Pape and O’Connor
2014). Also, limited surveys could be conducted at the end of each visitor season to determine
whether new species have been introduced (Baker et al. 2015).
4.8.7. Sources of Expertise

Cami McKinney, National Park Service, TICA
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4.9. Bat Community
4.9.1. Background

Bats are a diverse group of flying mammals found throughout the world, with approximately 47
species in North America (Adams 2003). Bats are extremely important insect predators and
pollinators in ecosystems worldwide and the economic and ecologic value of maintaining healthy bat
communities is substantial (Agosta 2002, Boyles et al. 2011, Kunz et al. 2011).
Common to all bat species is a nocturnal life history that includes the physiological adaptations of
echolocation and flight, but other aspects of bat ecology vary across species. In particular species can
differ greatly in their habitat requirements and social behaviors, for example in whether they are
colonial or solitary, hibernate or migrate, or require the establishment of maternity colonies for
reproduction (Adams 2003). Bats are adapted to specialized habitats for roosting, hibernating, and
breeding that almost without exception must be dark, within certain temperature and humidity
parameters, and relatively free of human disturbance (Adams 2003). Caves, rock crevices, buildings
and abandoned mines (especially in the West) are all utilized, sometimes by more than one species
concurrently (Ellison et al. 2003).
The status of bat populations throughout the world is of concern. Habitat loss, climate change, and
especially White-nose syndrome have all been identified as significant threats to bat populations and
bat species diversity (Kunz et al. 2011, Adams and Hayes 2008, Duchamp and Swihart 2008, Foley
et al. 2011).
While few data exist on specific habitat use by bats in TICA, general descriptions of the habitat
requirements for species found here suggest that all habitat types within the park, including the caves,
are likely utilized. Of the bat species known to occur in the TICA area four are Utah species of
concern: Townsend’s big-eared bats (Plecotus townsendii; Section 4.10), spotted bats (Euderma
maculatum), fringed myotis (Myotis thysanodes), and big free-tailed bats (Nyctinomops macrotis );
none are federally protected (Table 4.9-1).
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Table 4.9-1. Bat species identified from TICA. NOTE: Improved identification techniques suggest that some Myotis species may have been
misidentified in surveys prior to 2015 (Armstrong 2015).

Species
Antrozous pallidus #1

Corynorhinus
townsendii2 #1

Eptesicus fuscus2

2001–2002 TICA
Common Name Survey

roosts and hibernates in structures,
caves, mines; forages in relatively open
arid scrublands, PJ woodlands and
riparian; 19 g/38 cm;

generally declining trend but minimal data; low to
medium; range in UT unclear but no records from
Wasatch; elevs 2,700–8,700 ft.; possible acoustic
detection in 2015;

Townsend’s bigPresent
eared

forages widely in mixed-con, semidesert scrub, PJ, PP; roosts and
establishes hibernacula in caves, mines
and buildings; easily disturbed; 11 g/28
cm;

insufficient data to determine trends but this
species is considered at-risk throughout its range;
high; UT wildlife species of concern; detected rarely
in acoustic surveys 2015;

Big brown

Present

wide-ranging in multiple habitats;
forages in meadows, PP, grasslands;
hibernates in mines and caves; 17 g/36
cm

very common, no detectable overall trends; low to
medium concern outside of WNS.

Present

a desert specialist that forages in desert
scrub and PJ, often in canyonlands;
roosts in rock crevices, buildings, and
caves; one of the more difficult species
to survey for, often injured or killed in
mist nets; 14 g/35 cm;

former C2 species, but may be more widespread
than previously thought, no detectable trends;
medium to high; rare in UT; UT wildlife species of
concern; elevs 2,500–9,670 ft.; recorded often
during the 2015 acoustic surveys;

Present

forages near woodland ponds and
streams; roosts in trees and snags;
thought to be migratory with unknown
winter range; 12 g/29 cm;

insufficient data to determine trends; low to
medium; common in UT.

Pallid

Unconfirmed

93
Euderma maculatum #1

Lasionycteris
noctivagans2 M3

Range-wide status and conservation priority
Habits (Adams 2003, Oliver et al. 2008 (Adams 2003, Ellison et al. 2003, Oliver et al.
avg. mass/wingspan)
2008)

Spotted

Silver-haired

1

# indicates hibernating species that may be affected by WNS in the future (from http://www.fort.usgs.gov/wns/; last updated 6/8/12)

2

identified in the CMP as found in TICA

3

M indicates migratory species (Adams 2003)

4

Species that have been affected by WNS outside UT (also in bold)

Table 4.9-1 (continued). Bat species identified from TICA. NOTE: Improved identification techniques suggest that some Myotis species may have
been misidentified in surveys prior to 2015 (Armstrong 2015).

Species

2001–2002 TICA
Common Name Survey

Range-wide status and conservation priority
Habits (Adams 2003, Oliver et al. 2008 (Adams 2003, Ellison et al. 2003, Oliver et al.
2008)
avg. mass/wingspan)
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Lasiurus cinerus2 M3

Hoary

Present

forages in many habitats including
forests and riparian; roosts mostly in
insufficient data to determine trends; medium;
trees but also buildings and caves; likely
uncommon in UT; elevs 2,500–9,200 ft.
migrates out of UT for the winter; 28
g/36 cm.

L. blossevillii

Desert/western
red bat

–

–

Possible acoustic detection in 2015;

Myotis californicus2,4
#1

California

Unconfirmed but
likely present

forages in arid habitats, edges of mixedconifer woodlands, desert scrub; roosts
in multiple sites; 4 g/24 cm.

former C2 species, insufficient data to determine
trends; low to medium; common in other parts of
UT but no records from central mts. elevs 2,600–
9,000 ft.

M. ciliolabrum2 #1

Western smallfooted

Present

forages in many habitats; roosts and
former C2 species, no trends detected; medium;
hibernates primarily in mines and caves;
uncommon in UT
4 g/22 cm;

M. evotis2 #1

Western longeared

Present

forages primarily in Doug-fir and sprucefir forests; many roosting sites including insufficient data to determine trends; low to
structures, caves and mines; wintering
medium; common in UT
habits in UT unknown;7 g/28 cm;

Present

generalist forager, often around water;
numerous roost types; widely
distributed; not known if it hibernates in
UT; 12 g/25 cm;

M. lucifugus2

Little brown

no detectable trends; medium; commonly recorded
in 2015 acoustic surveys;

1

# indicates hibernating species that may be affected by WNS in the future (from http://www.fort.usgs.gov/wns/; last updated 6/8/12)

2

identified in the CMP as found in TICA

3

M indicates migratory species (Adams 2003)

4

Species that have been affected by WNS outside UT (also in bold)

Table 4.9-1 (continued). Bat species identified from TICA. NOTE: Improved identification techniques suggest that some Myotis species may have
been misidentified in surveys prior to 2015 (Armstrong 2015).

Species

2001–2002 TICA
Common Name Survey

Range-wide status and conservation priority
Habits (Adams 2003, Oliver et al. 2008 (Adams 2003, Ellison et al. 2003, Oliver et al.
2008)
avg. mass/wingspan)
multiple foraging habitats including
woodlands and forests; roosts in caves,
mine and buildings; wintering habits in
UT unknown; 6 g/30 cm; habitat model
does not predict preferred habitat in
area of TICA;

former C2 species, no detectable trends at summer
roosts but declines at hibernacula; UT wildlife
species of concern; distribution in UT unclear, most
records from southern and southeastern portion of
the state; elevs 2,400–8,900 ft.; likely rare in the
park;

Fringed

Present in
American Fork
Canyon (AFC)
but not confirmed
in park;

M. volans2 #1

Long-legged

forages in many forests and woodlands;
Present in AFC
roosts in caves, mines and buildings;
but not confirmed
wintering habits in UT unknown; 8 g/28
in park;
cm;

former C2 species, no detectable trends; low to
medium; common in UT; elevs 3,150–10,000 ft.

M. yumanensis2 #1

Yuma

Present
(acoustic
detection)

many foraging and roosting habitats
including mines and buildings; wintering
habits in UT unknown; 5 g/24 cm;

former C2 species, no detectable trends; low to
medium; uncommon in UT.

forages in rocky, open areas and
forests; roosts in crevices, high rocky
areas, buildings and trees; may be
migratory and breeding locations
generally unknown; TICA may be at the
northern range limit; 28 g/44 cm; model
does not predict TICA habitat;

former C2 species, insufficient data to determine
trends; medium; UT wildlife species of concern;
range in UT unclear.

M. thysanodes #1
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Nyctinomops macrotis

Big free-tailed

Present
(acoustic
detection)

Parastrellus Hesperus2

Canyon

Present in AFC
but not confirmed –
in park;

–

1

# indicates hibernating species that may be affected by WNS in the future (from http://www.fort.usgs.gov/wns/; last updated 6/8/12)

2

identified in the CMP as found in TICA

3

M indicates migratory species (Adams 2003)

4

Species that have been affected by WNS outside UT (also in bold)

Table 4.9-1 (continued). Bat species identified from TICA. NOTE: Improved identification techniques suggest that some Myotis species may have
been misidentified in surveys prior to 2015 (Armstrong 2015).

Species

Tadarida brasiliensis M3

2001–2002 TICA
Common Name Survey
Brazilian freetailed

Present
(acoustic
detection)

Range-wide status and conservation priority
Habits (Adams 2003, Oliver et al. 2008 (Adams 2003, Ellison et al. 2003, Oliver et al.
2008)
avg. mass/wingspan)
no detectable trends; medium; common in UT but
uncommon at high elevations; captured and
multiple foraging and roosting sites; both
identified during 2015 mistnet surveys, most
winters in UT and migrates;13 g/33 cm;
common species detected during acoustic surveys
in 2015;

1

# indicates hibernating species that may be affected by WNS in the future (from http://www.fort.usgs.gov/wns/; last updated 6/8/12)

2

identified in the CMP as found in TICA

3

M indicates migratory species (Adams 2003)

4

Species that have been affected by WNS outside UT (also in bold)

96

Threats
White-nose Syndrome

White-nose syndrome (WNS) is a fungus-caused disease that affects hibernating bat colonies and is
nearly 100% fatal to all individuals in affected colonies (Foley et al. 2011, USFWS 2011). WNS was
first discovered in 2006 in New York State and has since spread across the Northeast and eastern
Canada and as far west as Arkansas. The disease has not yet reached Utah, but the means of
contamination and a cure are not yet identified and many researchers anticipate further spread in
coming years (Knudsen et al. 2013, Vanderwolf et al. 2013, www.whitenosesyndrome.org;
nature.nps.gov/biology/wns/index.cfm; accessed 3/23/20).
Global Climate Change

Multiple environmental disruptions attributable to climate change are altering bat behavior and
survival (Sherwin et al. 2013). For example higher temperatures are affecting hibernation patterns
requiring bats to utilize stored energy at greater rates (Humphries et al. 2002), fruit-eating bat species
are becoming phenologically disconnected from their resources (Lučan et al. 2013), higher
temperatures are disrupting echolocation processes (Luo et al. 2014), and changes in timing and
levels of precipitation appear to be affecting reproductive success in some species (Adams and Hayes
2008).
Abandoned Mines

An additional conservation concern is the threat to bat populations of closing, or conversely, reopening abandoned mines (Tuttle and Taylor 1998, Hayes et al. 2011). With the loss of forest and
riparian habitats and increased human presence in caves, bats have frequently re-located their roosts,
hibernacula and maternity colonies to abandoned but accessible mines (Hayes et al. 2011). The
mineral-rich states of the western U.S. have tens of thousands of such sites; for example, it is
estimated that there are 8,000–17,000 abandoned mine openings in Utah alone
(http://blm.gov/ut/st/en/prog/more/Abandoned_Mine_Lands.html).
Because abandoned mines pose a substantial hazard to humans, for decades there have been efforts
decades to close abandoned mines. However, physically closing a mine without attention to potential
bat impacts can result not only in the loss of habitat but more seriously the entombing of entire bat
colonies (Altenbach et al. 2000, www.batgating.com). At the same time new mineral extraction
technologies are leading to the re-opening of previously abandoned mines. Such activities, again
without coincident bat surveys, can permanently displace or destroy entire colonies (Hayes and Wiles
2013).
4.9.2. Reference Conditions

Given the diversity of terrain and vegetation, the presence of the caves, and the American Fork River
(as insect habitat; Haymond et al. 2003, Scott et al. 2010), bat species diversity at TICA should be
relatively high. If there are critical habitat areas for some species, such as hibernacula, the use of
those sites should persist. (The existence of such sites is currently undocumented though specific
surveys for them have not been conducted).
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Diamond et al. (2009a) calculated occupancy estimates for 12 common bat species in various
ecoregion strata across the U.S. For the Wasatch and Uinta montane forests they found the most
common species to be big-brown bats, long-eared myotis, little brown bats, hoary bats, silver-haired
bats, and long-legged myotis; all six species have been documented in TICA (Table 4.9-1, including
binomial names). The presence of all six species at TICA would indicate good bat habitat, while the
absence of any of the documented species for several years would suggest degraded habitat and a
declining trend in bat diversity (Jones et al. 2009, Bader et al. 2015).
There is no indication of WNS for any species that hibernates in Utah, and bats should continue to
use the TICA caves in patterns observed historically.
4.9.3. Data and Methods

In 2001 and 2002 mammal inventories were conducted by USGS (for NCPN) that included bat
surveys (Haymond et al. 2003). Those efforts, which included both physical capture and acoustic
detection, documented a cumulative inventory of 20 species (Table 4.9-1). No efforts were made to
estimate populations sizes.
Extensive surveys have been conducted in Utah by the Department of Defense Legacy Program
(DOD 2007, Diamond et al. 2009b, 2010). Though no sites have been surveyed in or directly
adjacent to TICA, many of areas of similar habitat have been investigated.
TICA has been conducting annual summer bat surveys using mistnets along the American Fork River
since approximately 2008 (NPS and McKinney 2009, NPS unpublished data). Acoustic monitoring
of bats was added to the survey protocol in 2015; methods are described in Armstrong (2015). Roost
loggers were also placed near several cave entrances beginning in 2015 (Armstrong 2015).
4.9.4. Resource Condition and Trend

It appears that bat species diversity is high at TICA and near what would be expected given available
habitat and climate conditions. Between 2008–2015, 11 species represented by 507 individual bats
were detected via mistnetting. In 2015 an average of 26 bats were caught on each of three nights, by
far the highest number of individuals caught in mistnets during park surveys. (Improved techniques
and observer experience likely contributed to the relatively higher success; Armstrong 2015).
Very little is known regarding habitat use by any species in the park and surrounding areas. Evidence
suggests that the number of individual bats specifically utilizing the caves has declined (C.
McKinney, pers. comm. 2015). Roost loggers deployed in 2015 indicated that bats use the caves
though not in large numbers, and that bats were present in the caves primarily during late evening
hours. Very little can be said regarding the status or trend of any bat species. WNS has not been
detected.
4.9.5. Level of Confidence

Moderate for species diversity; Low for any other measure other than the absence of disease.
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4.9.6. Data Gaps and Research Needs

The need for standardization of bat survey methods has been widely acknowledged (O’Shea et al.
2003, Stahlschmidt and Brühl 2012, Loeb et al. 2015), and TICA is currently following the protocols
recommended by the Utah Department of Natural Resources to standardize bat surveys within Utah.
The TICA WNS Response Plan (NPS 2011) provides detailed protocols for monitoring for WNS,
and these protocols should be continued.
Additional research on habitat use by bats in the park, and population information for rare species
should be encouraged and supported if possible. Ongoing surveys should continue, and techniques
modified as needed.
4.9.7. Sources of Expertise

Andy Armstrong, National Park Service, TICA
Cami McKinney, National Park Service, TICA
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4.10. Townsends Big-eared Bats (Corynorhinus townsendii)
4.10.1. Background

Townsend’s big-eared bats (Corynorhinus townsendii; ‘Townsends’), are medium-sized (0.3–0.5
oz/10–12 g) bats found in portions of the eastern U.S. and western Canada and broadly across the
western U.S. (Gruver and Keinath 2006). Several subspecies have been identified, including C.t.
townsendii which occurs in western states. In Utah Townsends occur throughout the state in
appropriate habitats below approx. 9,000 ft/2,700 m
(dwrcdc.nr.utah.gov/rsgis2/search/Display.asp?FlNm=corytown).
Townsends have been listed as vulnerable to extinction by the World Conservation Union and are on
the IUCN Red List of threatened species (www.redlist.org). Townsends are identified by the Utah
Division of Wildlife Resources (UDWR) as a Utah Species of Concern (UDWR 2010) and by the
Western Bat Working Group as of high conservation concern (WBWG). Though a recommendation
to do so has been made, there is at present no comprehensive Utah state plan for Townsends
conservation (UDWR 2010).
Ecology
The natural roosting habitat for Townsends is caves and rock cavities. With the loss and disturbance
of many natural sites these bats now often utilize old buildings and abandoned mines (Sherwin et al.
2000, Fellers and Pierson 2002, Sherwin et al. 2003, Betts 2010), and UDWR suggests that their
distribution in Utah is correlated with the availability of such sites (UDWR 2010). Like other
insectivorous bats Townsends forage primarily near water sources (Fellers and Pierson 2002), and
will travel great distances (up to 15 mi/25 km) from roosts to optimal feeding areas sites (Brown et
al. 1994, Fellers and Pierson 2002, Wynne 2013).
A facet of life history that makes Townsends particularly vulnerable to extirpation is the
establishment of maternity colonies where a few to several hundred pregnant females congregate at
one site (Pierson and Rainey 1998, Pierson et al. 1999). The environmental requirements for
maternity colonies are fairly specific, and include large, open spaces protected from predators with
acceptable ranges of temperature and humidity (Ingersoll et al. 2010, Betts 2010). Once the young
are born, nursing females will transfer the young to ‘babysitter bats’ (non-reproductive females and
juvenile males) to hold and keep warm while the mother bats forage at night throughout the summer
(P. Brown pers. comm. 2010). Maternity colonies are normally occupied from spring until early fall
when all the bats leave for winter roost and hibernation locations. Townsends exhibit high site
fidelity and in the absence of disturbance will utilize the same maternity colony for many years
(Fellers and Pierson 2002).
Threats
The loss of critical roosting, hibernating, and maternity sites has caused the decline of Townsend’s
throughout the western U.S. and in Utah (Pierson et al. 1999, Gruver and Keinath 2006, UDWR
2010). As mentioned in Section 4.9, with the loss of historic habitat sites Townsends (and other bat
species) now often occupy human structures, particularly abandoned mines. Because of safety issues,
land managers prefer to have such sites closed permanently, a process that if conducted without
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sufficient attention to possible bat impacts can result in the direct mortality of bats as well as the loss
of entire colonies (Pierson et al. 1999).
Disturbance at Townsends maternity colonies is a substantial threat and has been a primary
contributor to population declines seen in this species (Gruver and Keinath 2006). If a maternity
colony is disturbed before the young are volant (flying independently), the mother or babysitter bats
often drop the young when they are disturbed because they cannot fly with the additional weight (P.
Brown pers. comm. 2010). The young bats then fall to the ground, nearly always a fatal event.
Because maternity colonies can support over 100 nursing females, disturbances at these sites can
have devastating population consequences (Pierson et al. 1999). At least 13 maternity colonies have
been lost in Utah (UDWR 2010), though none are known to have existed in the TICA area.
Townsends are a hibernating species and hibernacula include both sexes. Disturbance of hibernating
roosts will arouse the bats from torpor requiring them to use scarce energy resources otherwise
needed to survive the winter (Hayes et al. 2011). Such disturbance has been identified as a precursor
to infection of colonies by the fungus (Pseudogymnoascus destructans) that causes WNS, though no
Townsend’s population have yet been identified as having WNS (whitenosesyndrome.org).
4.10.2. Reference Conditions

As far as is known there are no data regarding distribution, abundance, or habitat use patterns of
Townsends in TICA or American Fork Canyon. For northern Utah, Sherwin et al. (2000) found
Townsends in sagebrush–grass, juniper woodland, and mountain shrubland vegetation types.
Townsends have been observed roosting in the TICA caves, though historic numbers are unknown
(Pulham 2009). Townsends were observed during the 2001–2002 surveys in small numbers
(Haymond et al. 2003), so the absence of Townsend’s from TICA caves for several seasons would be
a situation of concern.
4.10.3. Data and Methods

In 2001 and 2002 mammal inventories were conducted by USGS (for NCPN) that included bat
surveys (Haymond et al. 2003). Those efforts documented a cumulative inventory of 20 species, both
by capture and acoustic documentation (Table 4.9-1), though no efforts were made to estimate
population sizes. Extensive surveys have been conducted in Utah by the Department of Defense
Legacy Program (DOD 2007, Diamond 2010). Though no sites have been surveyed in or directly
adjacent to TICA, many of areas of similar habitat have been investigated.
TICA has been conducting annual summer bat surveys using mistnets along the American Fork River
since approximately 2008 (NPS 2009, NPS unpublished data). Acoustic monitoring of bats was
added to the survey protocol in 2015; methods are described in Armstrong (2015). Roost loggers
were also placed near several cave entrances beginning in 2015 (Armstrong 2015). As far as is
known no targeted surveys for Townsends have been conducted in AFC or this portion of the
Wasatch Range.
4.10.4. Resource Condition and Trend

Observations suggest that management activities may have reduced the number of Townsends that
utilize the TICA caves (Pulham 2009). There are no indications that maternity colonies or significant
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hibernation roosts exist in the park though single hibernating individuals are often observed (C.
McKinney, pers. comm. 2015). In 2015 Townsends were detected occasionally during acoustic
surveys (Armstrong 2015). Data collected in 2015 from roost detectors indicated that Townsends are
utilizing the caves, again in low numbers (Armstrong 2015). No information is available on trends
for Townsends populations that include park lands as habitat.
4.10.5. Level of Confidence

Low

4.10.6. Data Gaps and Research Needs

Sherwin et al. (2003) suggested that the specific and seasonal habitat requirements of Townsend’s be
given particular attention when developing management protocols. However, the need to determine
presence and abundance of species that are sensitive to disturbance, such as Townsends, must be
weighed against the potential harm of investigation. That said, Weller et al. (2014) found that annual
counts of Townsends did not reduce the number of observed bats over time.
4.10.7. Sources of Expertise

Andy Armstrong, National Park Service, TICA
Cami McKiney, National Park Service, TICA
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4.11. Small and Medium-sized Mammals
4.11.1. Background

For this assessment, the term ‘small and medium sized mammals’ referes to rodents, insectivores,
rabbits and small carnivores. Large mammals are not addressed due to the relatively small amount of
time they spend in the park, and bats were previously addressed in Section 4.9. Binomials for all
mammal species mentioned below are included in Table 4.11-1.
Functioning at mostly mid-trophic levels, small and medium-sized mammals have extremely
important functional roles in upland and riparian communities as both prey and consumers
(Prevedello et al. 2013). A discussion of all small and medium-sized vertebrate species in TICA is
beyond the scope of this report, however a general understanding of changing diversity and dynamics
in these four groups will greatly aid in efforts to maintain functioning terrestrial ecosystems
(Prevedello et al. 2013).
Small Mammals
The term ‘small mammals’ generally refers to insectivores and small rodents (e.g. mice, rats, and
squirrels but not beavers or marmots). In North America native insectivores include only moles and
shrews, species that consume invertebrates such as insects and earthworms but that can also utilize
plant material such as nuts. Moles live almost exclusively underground while shrews, which are the
smallest mammals, do not burrow but live under leaf litter and vegetation. No moles have been
documented from TICA. While shrews are present it is difficult to trap them in standard small
mammal traps and when they are caught often perish before release. Consequently, shrews are often
underrepresented in standard mammal surveys (Innes and Bendell 1988, Haymond et al. 2003).
Rodents are a highly diverse group of mammals; one family (Muridae, old world rats and mice)
includes over 700 species. This diversity reflects the ability of rodents to adapt to a wide range of
environmental and ecological conditions (Feldhamer 2007). In many ecosystems, rodents are the
largest group of primary consumers, and as seed eaters, Howe and Brown (2001) have suggested
that, ‘…plant communities…reflect what small vertebrates fail to eat…’. In addition to their role as
consumers, rodents are also important seed distributors (Chambers and MacMahon 1994, Levin et al.
2003). Many studies have demonstrated strong interactions between rodents and both prey and
predator populations (Drost and Fellers 1991, Hulme 1998). Approximately 17 rodent species have
been documented from TICA, with five or more additional species expected or possibly present
(Table 4.11-1).
Lagomorphs
This group includes rabbits, hares, and pikas (in the western U.S.). Lagomorphs are strictly
vegetarian and are also important prey for larger carnivores such as golden eagles (Aguila
chrysaetos). Only two species—snowshoe hares and Nuttall’s cottontails—are known from TICA.
Carnivores
Carnivores include most mammals that consume live prey but can also include omnivores such as
raccoons. Because of their high energy requirements, carnivores are generally the largest mammals in
a system, are the most-wide ranging, and often have strong limiting effects on prey populations
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(Carbone and Gittleman 2002, Korpimäki and Krebs 1996). Many species of mammalian carnivores
likely travel through TICA; small and mid-size species are the most common with larger species such
as bobcats and foxes being less common.
Threats
Numerous ecological and physical changes in ecosystems affect diversity and population viability of
mammal species. Habitat loss to human development and climate change likely have the greatest
impacts (Moritz et al. 2008), and the degree to which a particular species will respond to changing
resource and environmental conditions depends on that organisms’ ability to adapt (Inouye et al.
2000, Rowe et al. 2015). Recent studies have suggested that resource generalists will fare better in
rapidly changing environments than resource specialists (Morelli et al. 2012, Rowe et al. 2011,
Schloss et al. 2012, Kelt et al. 2013, Elmhagen et al. 2015).
Predicting which species will be most affected by impacts of climate change is beyond the scope of
this assessment. Many studies suggest that changes in forest vegetation resulting from drought,
increased fire frequency and insect outbreaks will affect numerous species (Hansen et al. 2001,
Tierney et al. 2009, Morelli et al. 2012, Armitage 2013, Kelt et al. 2013). Rodents and insectivores
can be particularly affected by wildfire (Clayton 2003, Zwolak 2009). Mammals with large home
ranges are most affected by habitat fragmentation and loss of migration and dispersal routes
(Saunders et al. 1991, Krauss et al. 2010, Webb et al. 2011). Conversely, species with greater
dispersal abilities are more likely to survive habitat loss resulting from climate change (Schloss et al.
2012).
4.11.2. Reference Conditions

A decline in small and medium-sized mammal abundance, or fundamental changes in species
diversity of these groups, will affect food webs and trophic interactions and could indicate large-sclae
alterations to the system (e.g. the elimination of native predators; Rowe et al. 2011). Small mammal
diversity naturally varies over time in response to resource availability, but measureable reductions in
diversity would be cause for concern, as would be the extirpation of any native species (Moritz et al.
2008). The establishment of non-native mammals such as black rats or cats would indicate
fundamental system alteration and would be cause for high concern.
4.11.3. Data and Methods

George (1999) excavated holocene packrat middens from the TICA caves that included the bones of
many species collected by the packrats (wood rats). Haymond et al. (2003) conducted mammal
surveys in 2001–2002 with methods described therein. TICA personnel have conducted periodic
small mammal trapping (C. McKinney, pers. comm. 2015, Figures 4.11-1 and 4.11-2). These efforts
provide presence information, i.e. whether a species utilizes park resources during any period of its
life cycle; surveys do not provide population information, nor can they reasonably confirm the
absence of a species (Fielding and Bell 1997).
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Figure 4.11-1. Unidentified species of chipmunk (Neotamias sp.) trapped during small mammal surveys
at TICA, August 2010. Photo by C. Schwemm.
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Figure 4.11-2. Technique employed for small mammal surveys, TICA, August 2010. Photo by C.
Schwemm.

4.11.4. Resource Condition and Trend

Approximately 30–40 small and medium-sized mammals are documented from TICA (Table 4.11-1),
reflecting a high diversity of vegetation types and functional niches. Table 4.11-1 identifies species
that are known from TICA as well as those species that would be expected given habitat availability
but have not been documented. As far as is known none of the small or medium-sized mammal
species that George (1999) found in the packrat middens have been extirprated. Nothing is currently
known regarding true species diversity, population sizes or trends for small and medium-sized
mammals at TICA. The presence of non-native mammals has not been documented.
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Table 4.11-1. Terrestrial mammals documented or potentially present in TICA.
Category

Insectivores

110
Rodents

Species

Montane shrew (Sorex monticolus)

2001–2002
surveys

Present
(from park
collection)

2010
surveys

–

NPSpecies

Comments

x

Six other shrew species are listed as
‘probably present’, five others are
identified as such in NPSpecies;
vagrant shrew (S. vagrans) reported by
George (1999) and trapped in 2012
(NPS data). Shrews are usually
common in most systems but are
difficult to survey and monitor, are likely
under-sampled at TICA (Haymond et
al. 2003), and are a group identified as
potentially less likely to adapt to climate
shifts than other mammals (Schloss et
al. 2012);

Yellow-bellied marmot (Marmota
flaviventris)

present

–

x

George (1999); in rocky talus and open
slopes; phonological changes due to
climate change may be altering marmot
behavior in the western US (Inouye et
al. 2000), and may lead to local
extirpations (Armitage 2013);

Beaver (Castor canadensis)

present

–

x

George (1999); riparian, rare in the
park?

Rock squirrel (Spermophilus variegatus)

present

observed

x

George (1999)

Red squirrel (Tamiasciurus hudsonicus)

present

–

x

George (1999)

Golden-mantled ground squirrel
(Callospermophilus lateralis)

present

observed

x

George (1999)

Northern flying squirrel (Glaucomys
sabrinus)

present

observeddead

x

George (1999)

Table 4.11-1 (continued). Terrestrial mammals documented or potentially present in TICA.
Category
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Rodents (continued)

Species

2001–2002
surveys

2010
surveys

NPSpecies

Uinta chipmunk (Neotamias umbrinus)

present

trapped

x

–

Cliff chipmunk (N. dorsalis)

present

observed

x

George (1999)

Least chipmunk (N. minimus)

present

–

x

–

Western harvest mouse
(Reithrodontomys megalotis)

present

trapped

x

–

Western jumping mouse (Zapus princeps) present

–

x

–

Bushy-tailed woodrat (Neotoma cinerea)

present

trapped

x

George (1999)

Deer mouse (P. maniculatus)

present

trapped

x

This was the most common species
caught in the 2001–2002 trapping
efforts;

Brush mouse (P. boylii)

present

–

x

–

Canyon mouse (P. crinitus)

present

trapped

–

–

Long-tailed vole (Microtus longicaudus)

present

–

x

George (1999) though voles identified
to genus only;

Montane vole (Mynomes montanus)

present

–

x

–

Meadow vole (M. pennsulvanicus)

present

–

x

–

North American porcupine (Erethizon
dorsatum)

probably
present

–

*

George (1999); rare in the park

Northern pocket gopher (Thomomys
talpoides)

probably
present

observed but
not verified

*

–

Pinon mouse (Peromyscus truei)

unconfirmed

–

–

–

Muskrat (Ondatra zibethicus)

unconfirmed

–

–

George (1999); riparian, rare in the
park?

Southern red-backed vole (Myodes
gapperi)

unconfirmed

–

–

–

Comments

* Documented occurrences of the species in the park or in the adjoining region of the park give reason to suspect that it probably occurs within the park;
however, current, verifiable evidence is needed.

Table 4.11-1 (continued). Terrestrial mammals documented or potentially present in TICA.
2010
surveys

Great basin pocket mouse (Perognathus
parvus)

unconfirmed

–

–

–

House mouse (Mus musculus)

unconfirmed

–

–

–

Snowshoe hare (L. americanus)

present

–

x

George (1999)

Nuttall’s (mountain) cottontail (Sylvilagus
nuttallii)

present

–

x

George (1999)

White-tailed jackrabbit (Lepus townsendii)

probably
present

–

*

George (1999)

Black-tailed jackrabbit (L. californicus)

unconfirmed

–

–

–

Pygmy rabbit (Brachylagus idahoensis)

unconfirmed

–

–

–

American pika (Ochotona princeps)

unconfirmed

–

–

George (1999)

–

–

–

–

–

Western spotted skunk (Spilogale gracilis) present

–

x

George (1999)

Striped skunk (Mephitis mephitis)

present

camera trap

x

George (1999)

Ringtail (Bassariscus astutus)

present

observed

x

George (1999)

Northern raccoon (Procyon lotor)

present

track

x

George (1999)

Coyote (Canis latrans)

present

–

x

George (1999)

Red fox (Vulpes vulpes)

present

track

x

George (1999)

Long-tailed weasel (Mustela frenata)

present

observed

x

George (1999)

American mink (Neovison vison)

present

observed just
outside park
boundary

x

George (1999)

Species

Rodents (continued)

Lagomorphs

112

2001–2002
surveys

Category

Chiropterans
(covered in section 4.11)

Carnivores

NPSpecies

Comments

* Documented occurrences of the species in the park or in the adjoining region of the park give reason to suspect that it probably occurs within the park;
however, current, verifiable evidence is needed.

Table 4.11-1 (continued). Terrestrial mammals documented or potentially present in TICA.
Category

Carnivores (continued)

2001–2002
surveys

2010
surveys

Gray fox (Urocyon cinereoargenteus)

probably
present

–

*

George (1999)

Short-tailed weasel/mink (Mustela
erminea)

probably
present

–

*

George (1999)

American badger (Taxidea taxus)

unconfirmed

–

–

George (1999)

American marten (Martes americana)

unconfirmed

–

–

George (1999)

Bobcat (Lynx rufus)

–

–

x

George (1999)

Species

NPSpecies

Comments

* Documented occurrences of the species in the park or in the adjoining region of the park give reason to suspect that it probably occurs within the park;
however, current, verifiable evidence is needed.
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4.11.5. Level of Confidence

Low to Moderate

4.11.6. Data Gaps and Research Needs

Because they are time-consuming and expensive, surveys and monitoring programs for mammals are
less common than those for other groups such as landbirds or invertebrates. Consequently, the
diversity and abundance of small and medium-sized mammals, and most importantly trends in these
measures, are undocumented in most ecosystems (Burton et al. 2015). Incorporating mammal
monitoring programs is challenging, and surveys for information other than presence is commonly
lacking, though such programs can provide valuable information regarding ecosystem condition and
change.
Haymond et al. (2003) reported 74% documentation for mammal species at TICA, though
information for rodents and carnivores was higher (than when insectivores were included). Remote
sensing methods like camera trapping are less expensive and less invasive, and can yield important
information in the absence of in-hand methods (Silveira et al. 2003, Burton et al. 2015), even for
small species (De Bondi et al. 2010).
4.11.7. Sources of Expertise

Andy Armstrong, National Park Service, TICA
Cami McKiney, National Park Service, TICA
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4.12. Upland Vegetation Communities
4.12.1. Background

TICA is located in the Wasatch and Uinta Montane Forests ecoregion, an area dominated by mixed
coniferous forests with smaller areas of mountain grasslands, gambel oak and riparian forests
(Woods et al. 2001). A brief summary of vegetation types in TICA is presented below and
summarized in Table 4.12-1; common and scientific names for dominant plants in TICA are provided
in Table 4.12-2. Detailed descriptions of vegetation and species lists are provided in Coles et al.
(2009), and riparian vegetation is discussed separately in Section 4.4.
Upland forests comprise the majority of vegetated areas of the park (180 ac/73 ha; Coles et al. 2009).
Higher elevation locations in and around TICA are largely dominated by coniferous species such as
Douglas and white fir with deciduous species of aspen, bigtooth maple and box elder. At lower
elevations coniferous trees are less common and Gambel oak, sagebrush, and shrub species become
dominant (Woods et al. 2001, Coles et al. 2009). Gambel oak occurs primarily between 4,500–7,000
ft (1,500–2,330 m), and oak-dominated communities comprise approximately 23 ac (9 ha) within the
park, almost solely on the south-facing slopes on the north side of AFC (Coles et al. 2009). Meadows
and native grasslands account for less than one acre of vegetation in the southern and high elevation
area of the park (Coles et al. 2009). Meadow sites support native grass and other herbaceous species,
but also include the greatest relative abundance of exotic species (Coles et al. 2009).
Threats
The greatest threats to forest ecosystems in the arid west are drought, fire, and insect infestations, all
of which are being intensified by climate change (Dale et al. 2001). Though all three of these
processes are natural disturbances in forest ecosystems, they are having more substantial and often
long-lasting impacts as temperatures increase (Allen et al. 2010, Martinez-Vilalta et al. 2012, Vose et
al. 2012, Dodson and Root 2015). Forest pests such as fir engraver beetles (Scolytus ventralis) are a
significant threat to fir forests in Utah, an example of a natural pest that has greater negative impacts
on drought-stressed trees (Bentz et al. 2010, White 2014). Extreme wildfires that can cause soil
sterilization and lead to stand conversion are likewise becoming a greater threat in forests impacted
by climate change, drought and disease (Dennison et al. 2014, Jenkins et al. 2014, Enright et al.
2015). Higher elevation species may also be displaced by lower ranging species as temperatures
increase, a process that will change alpine communities in ways that are difficult to predict (Vose et
al. 2012, Hulme and Barrett 2013, Kopp and Cleland 2014).
For many flowering species, phenological changes driven by climate change are detaching
pollination processes from host plants thereby reducing fertilization and productivity (Inouye 2008,
Anderson et al. 2012, Caradonna et al. 2014, Rykken et al. 2014). Though not true in all cases,
invasive plant species are often a threat to native vegetation communities (Richardson et al. 2000,
Pyšek et al. 2012). In TICA invasive plant species appear to be more common and potentially
threatening in meadows and grasslands than in forest communities (Witwicki 2013; Table 4.12-3)
and may have increasing impacts as climates continue to change (Dodson and Root 2015).
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Table 4.12-1. Plant associations and common species at TICA (Coles et al. 2009; no association was assigned to the meadow).
Approx. Area
ac (ha)

Association

Designation (s)

Dominant Species

Southern Rocky Mountain Mesic and Dry-Mesic Montane
Mixed Conifer Forest and Woodlands

CES 306.823;
306.825;

white fir/ bigtooth maple/ mallow-leaf ninebark/
douglas fir/ rocky mountain maple/ gambel oak/ mixed
grasses

~138 (56)

Rocky Mountain Subalpine-Montane Limber-Bristlecone
Pine Woodland

306.819

Douglas fir/ limber pine

~41 (17)

Rocky Mountain Lower Montane-Riparian Woodland and
Shrubland; Bigtooth Maple Ravine Woodland

306.821; 306.814

bigtooth maple/ chokecherry/ gambel oak/ box-elder

~17 (7)

Rocky Mountain Gambel Oak-Mixed Montane Shrubland

306.818

gambel oak/ mountain snowberry

~23 (9)

Inter-Mountain Basins Cliff and Canyon

304.779

mountain mahogany

~8 (3)

Table 4.12-2. Species names for dominant TICA plant species.
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Common Name

Scientific Name

White fir

Abies concolor

Douglas fir

Pseudotsuga menziesii

Limber pine

Pinus flexilis

Bigtooth maple

Acer grandidentatum

Rocky Mountain maple

A. glabrum

Boxelder maple

A. negundo

Mallow-leaf ninebark

Physocarpus malvaceus

Gambel oak

Quercus gambelii

Chokecherry

Prunus virginiana

Mountain snowberry

Symphoricarpos oreophilus

Mountain mahogany

Cercocarpus ledifolius

Table 4.12-3. Primary non-native plant species known from TICA.
Common Name

Ecological Traits1

Locations

Comments

Arctium minus

Lesser burdock

Barbed seeds and flowers attach to
animals, facilitating wide dispersal; grows
well in disturbed soils;

In disturbed areas and
along road1

–

Capsella bursapastoris

Shepherd’s purse

Copious seed producer; seeds are sticky
when wet and highly persistent; grows
well in disturbed and xeric soils;

Lower cave trail2

initiate control in 20122

Cardaria draba

Hoary cress/
whitetop

Highly competitive, spreading root system
–
with aerial shoots;

large patch in maintenance area in
front of dumpsters; initiate control in
20122

Centuarea maculosa

Spotted knapweed

Persistent rosette life stage forms from
deep taproot;

On road sites2

significant ecological threat3

Cirsium arvense and
C. vulgare

Canada and bull
thistle

Highly adapted to disturbed sites; very
successful asexual production;
unpalatable to herbivores;

Generally in disturbed
areas only4

good control2/Canada thistle (sp.)
significant in the park4

Convolvulus arvensis

Bindweed

Extensive and competitive root system;
long-term seed viability, viney species
that can grow on natives2

–

annually abundant in the meadow and
difficult to control2/significant in the
park and difficult to control, though
does not appear to be out-competing
most native plants4

Cynoglossum
officinale

Houndstongue

Drought tolerant and adapted to multiple
soil conditions;

–

reduced, except for a few sites, good
control2

Leonurus cardiac,
Nepeta cataria

Motherwort and
Catnip

(L. cardiac not listed at
extension.usu.edu); dense, fibrous root
systems;

Along roadsides, lower
cave trail2

often found growing together, initiate
control in 20122
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Species

1

extension.usu.edu

2

Armstrong 2012

3

Coles et al. 2009

4

Whiteside 2011

5

www.na.fs.fed.us/fhp/invasive_plants;

Table 4.12-3 (continued). Primary non-native plant species known from TICA.
Species

Common Name
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Ecological Traits1

Locations

Comments

Lepidium latifolium

Pepperweed/
tall whitetop

Spreading root systems;

Adapted to wet areas, can
become dominant
competitor in riparian
systems

significant ecological threat3

Linaria dalmatica

Dalmation toadflax

Colonial, adapted to disturbed soils;5

–

consistent but small patches, some
difficult to access2/significant in the
park4/significant ecological threat3

Melilotus officinalis

Yellow sweetclover

(not listed at extension.usu.edu); adapted
to disturbance, particularly fire;5

–

significant in the park4

Ranunculus
testiculatus

Burr buttercup

Small, but widespread and matting; toxic
to some wildlife;

Lower cave trail2

initiate control in 20122

Tragopogon dubius

Goatsbeard

Tall, adapted to wind seed dispersal;
tolerant of disturbed soils;

–

common but generally not invasive;
occasional in TICA2

Common mullein

Large, taller than many sympatric
species; disturbance follower;

–

common but generally not invasive;
annually common at several sites in
TICA and difficult to
control2/significant in the park4

Verbascum thapsus

1

extension.usu.edu

2

Armstrong 2012

3

Coles et al. 2009

4

Whiteside 2011

5

www.na.fs.fed.us/fhp/invasive_plants;

4.12.2. Reference Conditions

For all plant communities, the reference conditions would include proper function, in particular
regeneration and successional processes reflective of resilient communities, and the absence of
invasive species and disease. In all communities, reproduction of dominant species should be
ongoing with periodic recruitment dependent on species life history (Millar and Stephenson 2015).
These measures are difficult to ascertain and vary spatially even within similar community types
(Jiang et al. 2013). Given the relatively small size of the vegetated areas at TICA, forests with
obvious disease or drought-killed individuals would be of great concern.
4.12.3. Data and Methods

Because of the steep terrain of the park, NCPN has established only three sampling plots, one each in
subalpine meadow, mixed conifer forest, and Gambel oak, a sampling scheme that has no iterative
power (Witwicki 2013). As far as is known there are no other monitoring or research efforts
involving vegetation community ecology occurring in TICA.
4.12.4. Resource Condition and Trend

Vegetation monitoring in TICA began only recently, so data are insufficient for trend analyses.
Moreover, there is only one sampling plot in each vegetation type so no inferences can be made
regarding park-wide vegetation condition. There are many exotic species in the park, but TICA has a
strong exotic plant management program and the highly invasive species are generally kept
controlled (NPS 2005, Whiteside 2011, Armstrong 2012). In the absence of obvious loss of woody
species to drought or disease, very little can be said regarding the current condition of TICA any
vegetation community.
4.12.5. Level of Confidence

Moderate

4.12.6. Data Gaps and Research Needs

Vegetation monitoring should continue.
4.12.7. Sources of Expertise

Cami McKinney, National Park Service, TICA
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4.13. Ecosystem Integrity (Habitat Connectivity, Night Skies, and Natural Sounds)
4.13.1. Background

Habitat Connectivity
The ways in which lands surrounding national parks are utilized can have substantial impacts on
natural resources and ecological processes (Fahrig and Merriam 1994, Hansen and DeFries 2007,
Wade and Theobald 2010, Rudnick et al. 2012, Hansen et al. 2014). Though NPS generally has
relatively little control over land use activities outside park boundaries, identifying potential impacts
can assist with resource management goals and support NPS positions and interactions with adjacent
communities and partners (Rudnick et al. 2012).
TICA lies within Utah County on the western edge of the Wasatch Range and is completely
surrounded by the Uinta-Wasatch-Cache National Forest. To the north the park borders the Lone
Peak Wilderness (USFS). At a landscape scale, the Rocky Mountain area of central Utah is within
one of the largest, in-tact areas of habitat within North America (Jones et al. 2004).
Given the relatively small area of TICA, few large animals spend significant time here so habitat
fragmentation is probably of less concern to park managers than are adjacent land-uses that may
impact water quality, hydrologic processes, and the movements of small- and medium sized animals
(Forman and Alexander 1998, Yahner 1998, Benítez-López et al. 2010; Section 4.12). Though
viewsheds are of interest as a visitor experience topic, they are not addressed here because they have
at present no known ecological association.
Recreation and Roads

The presence of roads and associated vehicle traffic affect ecosystem integrity through direct impacts
(animal mortality, Kassar 2005) and indirectly through increased noise, the introduction of toxic
materials and seeds of non-native plants, and impacts from human disturbance on animal behavior
(Mader 1984, Tyser and Worley 1992, Benitez-Lopez et al. 2010, Dietz et al. 2013, Kitzes and
Merenlender 2014).
The Mt. Timpanogos Wilderness just to the southeast of TICA is extremely popular and may be the
most-visited USFS wilderness area in the state of Utah (http://www.fs.usda.gov/uwcnf). State Route
92 bisects TICA into a smaller northern section (consisting of mostly south-facing slopes with
gambel oak-dominated vegetation), and the larger southern portion that includes the cave system, the
trail to the caves, and the park visitor center. SR 92 is one of the primary roads used to access the
wilderness areas in the summer, and frequently the parking and picnic areas adjacent to TICA
become so crowded with day-use visitors and cars that people park directly on the road (NPS 2012).
Natural Night Skies
The importance of maintaining dark night skies has become a priority issue in national parks, and
increasing attention is being paid by NPS and others to measuring as well as minimizing the impacts
of anthropomorphic sources of light (Henderson et al. 1985, Schelz and Richman 2003, NPS 2006,
Duriscoe et al. 2007). Anthropogenically-derived light comes directly from all sources powered by
electricity and batteries (e.g. vehicles) as well as indirectly from human-sourced light which is
reflected back from the atmosphere (polarized light; Horvath et al. 2009). ‘Light pollution’ is
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fundamentally a cultural concept and refers to the over-abundance of artificial light in human
landscapes (‘lightscape’; Rogers and Sovick 2001, Sovick 2001, Moore et al. 2013). Specifically, the
term ‘astronomical light pollution’ describes the degree to which light affects humans’ ability to see
stars and other objects in the night sky (Longcore and Rich 2004) and is often measured and
discussed within the NPS as part of the visitor experience (Moore 2001, Smith and Hallo 2013).
Less often addressed are the ecological impacts of artificial light during diurnal dark periods
(ecological light pollution – ELP). Artificial light at night has very different impacts on wildlife and
ecological processes than it does on humans (Longcore and Rich 2004, Horvath et al. 2009).
Evolutionarily the moon provided the only source of light at night, and organisms adapted their
biology and behaviors to the patterns of lunar cycles (Duriscoe et al. 2007). Consequently, the dark
night sky with lunar light only is considered the natural condition to which biotic components of
ecosystems have evolved (Rich and Longcore 2005).
Research has examined the impacts of artificial night light on many groups of organisms, including
plant populations (Lewanzik and Voight 2014), insects (Geffen et al. 2014, Perkin et al. 2014), birds
(songbirds, owls, shorebirds, seabirds; Kempenaers et al. 2010, Rodriguez et al. 2012), amphibians
(Perry et al. 2008), rodents, bats (Stone et al. 2009), snakes, marine organisms, and primates (Le
Tallec et al. 2013; see Gaston et al. 2013 and Davies et al. 2013 for reviews). For example, the
presence of artificial light at night can result in increased predation, reduced productivity, direct
mortality, and reduced foraging opportunities (Longcore and Rich 2004, Duriscoe et al. 2007).
Cumulatively these impacts can affect population dynamics, successional processes and biodiversity
(Kyba and Hölker 2013, Gaston and Bennie 2014, Lewanzik and Voigt 2014).
Natural Quiet
Soundscapes are commonly defined as the total amount of ambient noise in an area measured in
terms of frequency and amplitude (decibels; Ambrose and Burson 2004). Because national parks are
often (perhaps wistfully) considered ‘islands’ of quiet (Lynch et al. 2011, Miller 2008), NPS has
been working for several decades to establish baseline conditions and develop measuring and
monitoring methods for soundscapes in national parks (Miller et al. 2008). Similar to the topic of
light pollution soundscapes have primarily been addressed as a cultural resource in relation to visitor
experiences (Rogers and Sovick 2001, Sovick 2001, Miller 2008, Lynch et al. 2011), however,
increasing attention is being given to ecological and landscape-scale impacts, both terrestrial and
aquatic (Barber et al. 2011, Buxton et al. 2017).
Soundscape ecology is an emerging field that attempts to connect ecological processes with human
and natural sounds at landscape scales (Dumyahn and Pijanowski 2011, Pijanowski et al. 2011,
Farina 2014). When evaluated ecologically, the impacts of anthropogenic sounds are most commonly
considered in terms of effects on wildlife (Francis and Barber 2013, Luther and Gentry 2013,
Shannon et al 2016). For example, studies have demonstrated the negative impacts of noise on
songbirds (Slabbekoorn and Ripmeester 2008, Francis et al. 2009, Francis et al. 2011), bats (Schaub
et al. 2008), rodents (Shier et al. 2012), frogs (Barber et al. 2010, Bee and Swanson 2007), and
invertebrates (Morley et al. 2014). Prey species are particularly sensitive to human noise because it
both mimics predator sounds and masks it (Landon et al. 2003, Chan et al. 2010, Brown et al. 2012).
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A growing body of evidence shows that noise also affects plants by enhancing pollination and
disrupting seed dispersal (Francis et al. 2012).
Road noise appears to have measurable negative impacts on wildlife, altering animal and bird
behavior (McClure et al. 2013), movement patterns, ability to find prey (Siemers and Schaub 2011)
and breeding processes (Reijnen and Foppen 2006, Bee and Swanson 2007, Barber et al. 2011).
Some species are able to adapt to long-term additions of noise in their environment, but others are
not (Barber et al. 2010), and impacts at individual and population scales can further translate up to
ecosystem and process levels (Slabbekoorn and Halfwerk 2009).
4.13.2. Reference Conditions

Habitat Connectivity
Because the measures of ecosystem and habitat integrity are species and process specific, there are
no common reference conditions for all resources of interest in TICA (Piekielek and Hansen 2012,
Rudnick et al. 2012). Ideally there would be no negative impacts (direct or indirect) on natural
resources from outside land uses. The diversity of all small and medium-sized mammals would
persist, indicating the absence of habitat fragmentation impacts at this scale. Population dynamics of
species that move in and out of the park would be maintained, indicating the absence of barriers to
travel and genetic exchange.
Natural Night Skies
Levels of artificial light would have no measurable impacts on animal behavior or physiology. NPS
directives have recommended a ratio of average anthropogenic sky luminance to natural conditions
(ALR) be the primary measure for evaluating night sky conditions, though they stress that other
metrics such as vertical and horizontal illuminance and impacts to species of concern should be
considered for specific purposes (Moore et al. 2013).
Natural Quiet
Similarly, anthropogenic noise is addressed herein as an impact to wildlife populations and not as it
may degrade the visitor experience. That said, at this point NPS generally measures noise conditions
only in relation to human health (Lynch et al. 2011), for example 35 decibels (dB, LAeq, 1s) or less is
recommended for sleeping, while 60 dB LAeq, 1s would interrupt normal conversation (Lynch et al.
2011). Clearly these values may or may not have relevance to wildlife behavior and biology (Barber
et al. 2011), but wildlife responses to noise in terrestrial environments has been shown to occur at
noise levels as low as 40dB (Shannon et al. 2016).
4.13.3. Data and Methods

NPScape has identified land ownership and uses adjacent to TICA
(http://science.nature.nps.gov/im/monitor/npscape/). A transportation study (NPS 2012) closely
examined the impacts of SR92 on park resources and operations and provided mitigation alternatives.
As far as is known, no other studies or data relating to impacts from adjacent land uses on TICA
natural resources have been conducted nor have data been collected on nighttime light levels or
anthropogenic sound in TICA or AFC.
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4.13.4. Resource Condition and Trend

There is very little known regarding the condition of TICA natural resources in regards to adjacent
land use. The number of automobiles using SR92 may stay the same or may increase in the future but
it almost certainly will not decrease (Kassar 2005). The population of the region along the Wasatch
Front to the west of TICA has been increasing over the last decade at rates higher than almost
anywhere else in the country, with associated impacts to dark night skies
(http://catalystmagazine.net/blogs/item/1978-the-brightness-blight). The lands immediately adjacent
to the park are all within USFS jurisdiction but are heavily used for many types of recreation
including hunting, off-road vehicles, and skiing.
Several efforts to increase use of mountain areas upstream of TICA in AFC are being opposed by
groups hoping to prevent or minimize future development. The largest project currently being
discussed is known as the ‘Mountain Accord’ and would require a permit from USFS to allow
expansion of the Snowbird ski area into the upper areas of the AFR.
Nothing is known regarding the condition of natural night skies or the soundscape within TICA.
4.13.5. Level of Confidence

Low

4.13.6. Data Gaps and Research Needs

Measuring night sky brightness and the acoustic environment at TICA would provide important
information regarding levels of these anthropogenic impacts and allow further assessment of the
effects on sensitive wildlife (e.g. bats). NPS programs to assess light and sound levels are wellestablished and could be applied here. Levels of noise in particular are likely extremely variable
between seasons, and during busy summer months highway noise is probably constant during
daytime hours.
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Chapter 5. Discussion and Summary
5.1. Terrestrial Upland
5.1.1. Condition

Very little can be said regarding the condition of park vegetation communities, though they appear
healthy and there are no obvious immediate threats (e.g. tree pests and diseases are absent). Nonnative plant species are present but are managed well. Air quality is good but of increasing concern.
Mammal diversity, including bats, appears to be high, and no non-native mammals have been
documented. No diseases have been identified in mammal populations. The only mammal species of
concern—Townsends’ big-eared bats—are present in the park but nothing is known regarding
population size or local habitat use by this species.
5.1.2. Trend

Climate change is expected to result in drier conditions over the next century, which may lead to a
conversion to communities dominated by more xeric species and increasing invasion by non-native
plant species. Increased fire frequencies and/or intensities and forest disease infestations are a
concern. The loss of some high-altitude mammal species may occur as temperatures increase.
5.1.3. Level of Confidence

Given the small size of the upland area within the park, vegetation monitoring methods do not allow
trend information for any vegetation type. Information regarding vegetation structure and
composition other than data collected at three static monitoring sites is lacking and there are no data
available for these indicators to evaluate possible trends.
Presence/absence information on small and medium-sized mammals and bats is collected, but overall
diversity and/or population trend information for any species are not available. Consequently, it is
not possible to document changes in population size or community diversity for any mammal
species.
There is little information available regarding habitat connectivity, though the boundaries of the park
(aside from the canyon bottom) are continuous with large areas of relatively protected open space.
The presence of the highway is a clear barrier to movement for many animals and vehicle traffic and
high levels of visitation along the road degrade canyon-bottom communities. There are no data
quantifying the level of ecological impacts from artificial light or anthropogenic noise.
5.2. Riparian – American Fork River
5.2.1. Condition

Streamflow and hydrologic conditions have been greatly altered by the presence of flood control
measures and the adjacent highway. Average (annual) water flows appear to be normal, though
natural floodplain processes have been functionally eliminated. Riparian biological communities are
altered by the presence of the road, the parking lots, other infrastructure, and human presence.
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5.2.2. Trend

Only a very small stretch of the AFR flows through the park, and factors that control geomorphologic
and biologic properties are largely outside NPS control. Natural floods will not return until (unless)
hard surfaces and flood control revetments are removed. In the absence of floods, riparian vegetation
communities will never return to natural conditions (e.g. recruitment of native woody species is
generally absent, non-native species become established). Climate change effects are expected to
result in altered seasonal flow patterns and perhaps reduced flows.
5.2.3. Level of Confidence

Flow information is available from a USGS gage upstream. No information is available regarding
riparian biological resources, in particular vegetation and bird communities.
5.3. Caves
5.3.1. Condition

The climate of the caves has been affected by human presence to a degree that will never be
completely mitigated given the importance of the caves as a visitor experience. Much effort has been
expended to maintain the natural cave climate as much as possible, and humidity and temperature
levels do not at present appear to be outside normal ranges. Water conditions in the caves are good;
water quality appears to be relatively unimpacted by toxics or pollutants and water chemistry seems
to reflect natural conditions. Cave formations are well-protected and physical damage is minimal,
though the presence of lint and algae is an ongoing impact.
5.3.2. Trend

The caves are as protected as they can be given the high level of human presence. The primary risks
to cave resources have all been identified and are managed well within the directives of the cave
management plan. Climate change effects will most likely be reflected in reductions in water quantity
(flow).
5.3.3. Level of Confidence

A relatively high level of information exists for physical cave resources. The extent of the cave
watershed is now fairly well established, and recent efforts to delineate watershed boundaries and
water flow paths also provided important information describing water chemistry. There is less
information on extant microorganism and invertebrate communities, and data required to determine
relationships between formation growth dynamics and water quantity are likewise unavailable.
5.4. Ecological Framework
Natural resources and processes were selected for this assessment with reference to the ecological
framework described by Fancy et al. (2009; Table 5.1). One of the purposes of utilizing a framework
is to determine the breadth of ecosystem elements across which focal resources occur. For example,
if all of the focal resources are associated with the Biological Integrity element, such an assessment
would fail to consider much of the target ecosystem (Noss 1990).
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Table 5.1. TICA topics addressed in the NRCA organized within the ecological monitoring framework for
each ecological zone.
Element

Upland

Riparian

Caves

Climate

Air and Climate

Air and Climate

Air and Climate

Geology and Soils

–

Riverine Geomorphology

Formations

Water

–

Water Quality

Water Quality and
Chemistry
Hydrology

Biological Integrity

Bats
Medium and Small Mammals
Upland Vegetation

–

Micro-organisms
Invertebrates
Bats

Ecosystem Pattern
and Process

Habitat Connectivity
Natural Night Sky
Natural Sounds

Habitat Connectivity
Natural Night Sky
Natural Sounds

Cave Watershed

Table 5.1 indicates that the resources assessed within the cave ecological zone in TICA provided
representation of all ecosystem elements. The subset of resources assessed for the upland ecological
zone did not include resources associated with geology, soils, or water, and resources within the
riparian zone did not include a biological resource. Ways that future work might address these
deficits is discussed briefly below.
5.4.1. Possible Future Work

Terrestrial Upland
A monitoring program for mammals utilizing remote sensing would provide important information
on changes in small and medium-size mammal diversity in coming decades. The geology of the
upland zone is of great concern from a human safety perspective, however, no water, soil, or
geological resources in the upland have been identified as natural resource priorities by TICA
managers.
Riparian
Biological communities of the riparian zone are not monitored or surveyed, and the area where this
could occur in TICA is quite small. In other riparian systems recruitment of woody species and bird
diversity are often indicators of riparian condition. However, unless associated with specific
management actions, monitoring of vegetation or bird communities in the small TICA riparian zone
would likely provide little ecological information. Bat use of the riparian zone is likely high, and
continued surveys here will provide important information on bat community ecology and habitat
use.
Caves
Acquiring additional information on cave biological communities would allow managers to
document future changes that may occur. Changes in water quantity, reductions in water quality, and
introductions of novel species would be negative inputs to biological resources within the caves.
Repeated surveys of microorganisms and invertebrates would be particularly valuable.
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5.5 Condition Reporting
Based on the resource condition findings reported in Chapter 4, condition ratings were assigned to
focal resources using condition reporting symbols defined in Chapter 3. Focal resource conditions are
shown in Table 5.5-1.
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Table 5.5-1. Summary of condition assessments for TICA focal resources.
TICA Resource

Condition, Trend, and
Level of Confidence

Air Quality (Section 4.1)
Condition of resource warrants moderate concern; condition is deteriorating; mediu m confidence in the assessment.

Cave Climate (4.2)
Condition of resource warrants moderate concern; condition is unchanging ; med ium confidence in the assess ment.

Climate (4.3)
Condition of resource warrants significant concern; condition is deteriorating ; hig h confidence in the assess ment.

Assessment
Air quality in American Fork Canyon in the vicinity of TICA appears to be in
moderate condition, though air quality along the Wasatch Front is often poor
and impacts to TICA from that region are of concern. Impacts from increased
vehicle traffic in the canyon in coming years is also of concern. Thus, air quality
is likely not improving and may deteriorate further in coming decades.
Confidence is moderate.
The climate of the caves is altered from natural conditions, though it is not
known whether these changes affect biological or physical processes within the
caves. Available data suggest the climate condition is stable, and confidence is
moderate.
Global climate change is affecting Utah and all western US forests, and
negative impacts to TICA upland resources from climate change are predicted
to increase in coming decades. Impacts to cave resources may occur.
Confidence is high that the climate is changing and will negatively affect upland
resources.
Water quality in the caves appears to be good. Available data indicate this
condition is likely stable, and confidence is moderate.

Cave Water Quality (4.4)
Resource is in g ood cond itio n; condition is unchang ing; mediu m confidence in the assessmen

Cave Formations and Microorganisms (4.5)

Resource is in g ood cond itio n; condition is unchang ing; high confidence in the assess ment.

Natural cave formation processes do not at present appear to be impaired.
Though physical damage occurs periodically, cave formations are generally
well-monitored. This condition appears to be stable and confidence is high.
Microorganism communities are little studied but appear to be diverse and what
would be expected in caves of this size and origin. Data are insufficient to
indicate trends and confidence is moderate.

Condition of resource warrants moderate concern; trend in conditio n is unknown or not app licable; med ium confidence in the assess ment.

Watershed conditions appear to be unimpaired, and no introductions of
chemicals or other contaminants into cave waters have been detected. Data
are insufficient to detect trends and confidence is moderate.

Cave Watershed (4.6)
Resource is in g ood cond itio n; trend in condition is unk nown or no t applicable; mediu m confidence in the asses sment.
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Table 5.5-1 (continued). Summary of condition assessments for TICA focal resources.
TICA Resource

American Fork River Hydrology and
Riparian Ecology (4.7)

Condition, Trend, and
Level of Confidence

Condition of resource warrants significant concern; condition is unchangin g; h igh confidence in the assessment.

Assessment
Hydrologic processes of the river reach adjacent to TICA are impaired and will
remain so until articial barriers to natural flow are removed. Confidence in this
assessment is high. Ecological function of the adjacent riparian zone is likewise
impaired, though available data are insufficient to determine whether conditions
are changing. Confidence is moderate.

Condition of resource warrants moderate concern; trend in conditio n is unknown or not app licable; med ium confidence in the assess ment.

Little is known regarding the current condition of cave invertebrate
communities. The most recent study (2004) revealed expected diversity and no
introduced species. The trend is unknown and confidence is low.

Cave Invertebrates (4.8)
Condition of resource warrants moderate concern; trend in conditio n is unknown or not app licable; low conf idence in the assess ment.

Bat species diversity is likely high in TICA but little is known regarding current
condition. The trend is uknown and confidence is low.

Bat Communities (4.9)
Condition of resource warrants moderate concern; trend in conditio n is unknown or not app licable; low conf idence in the assess ment.

Townsends are present but demographic data are lacking. Trends are unknown
and confidence is moderate.

Townsends Big-eared Bats (4.10)
Condition of resource warrants moderate concern; trend in conditio n is unknown or not app licable; med ium confidence in the assess ment.

Aside from bats almost nothing is known regarding resident mammals at
TICA.Trends are unknown and confidence in this assessment is high.

Small and Medium-sized Mammals (4.11)
Current c onditi on is unknown or indeterminate due to inadequate data, l ack of referenc e v alue(s) for c om par ativ e pur pos es, and/or ins ufficient ex per t k nowl edg e to r each a m ore s peci fic c onditi on determination; trend in c ondition is unk now n or not
applicabl e; high c onfidenc e in the as ses sm

Vegetation in TICA is representative of the region. Disease presence in forests
has not been detected and trends are unknown. Invasive plants and impacts
from climate change are concerns. Confidence is moderate.

Upland Vegetation (4.12)
Condition of resource warrants moderate concern; trend in conditio n is unknown or not app licable; med ium confidence in the assess ment.
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Table 5.5-1 (continued). Summary of condition assessments for TICA focal resources.
TICA Resource

Condition, Trend, and
Level of Confidence

Condition of resource warrants moderate concern; trend in conditio n is unknown or not app licable; low conf idence in the assess ment.

Ecosystem Integrity (Natural Night Skies,
Natural Sounds and Habitat Connectivity)
(4.13)
Condition of resource warrants moderate concern; trend in conditio n is unknown or not app licable; low conf idence in the assess ment.

Assessment

Natural night skies and soundscapes have not been assessed at TICA. There
are few artificial sources of light at night in the canyon, but impacts of light from
the dense population corridor to the west are unknown.Traffic and other
sources of human noise are likewise unmeasured. Habitat connectivity is highly
impacted by the highway and high levels of human recreational and
commercial activities in the canyon. Trends in any of these resources are
unknown, though it is almost certain that human impacts to habitat quality will
not decrease in coming years and may well increase. Confidence is moderate.

Condition of resource warrants moderate concern; condition is deteriorating; mediu m confidence in the assessment.
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Appendix A. National Resource Condition Assessment
(NRCA) Initial Planning Meeting
Timpanogos Cave National Monument, August 11th–12th, 2010
Attendees

TICA: Cami Pulham, Andy Armstrong; NCPN: Melanie Myers, Cathy Schwemm.
Meeting Summary

This was the first scoping meeting for the Timpanogos Cave Natural Resource Condition Assessment
(NRCA). On the morning of the first day we had introductions, and Cathy and Melanie gave
presentations on the NRCA program and the proposed approach to spatial data management (agenda
attached). The presentations were followed by an informal conversation with the TICA staff on the
project, who suggested that they felt that the NRCA could be useful, especially in relation to the cave
management plan (CMP) which is currently in development. The CMP is nearly in draft form, but
staff suggested that it would be beneficial for planning and future efforts if cave resource issues were
addressed in both the CMP and the NRCA. The park is also working on an interpretive plan and a
facilities plan, which could also benefit from information provided in the NRCA.
After this discussion we began listing the priority natural resource issues for the park, and by
lunchtime we had what the staff considered a fairly complete list of resource concerns and topics.
After lunch NCPN staff were taken on a tour of the caves, which gave us a much better idea of the
unique challenges facing this park. On the second morning we revisited the issues list from the
previous day, and populated the spreadsheet that included data availability, priority rankings, and
level of work that would be required by TICA staff for each resource element. The priority issues are
described below:
Potential Cooperator Issues

Cave Watershed
The amount and chemical composition of water that enters the three caves are the most important
influences on the physical and biotic resources of the monument. As water flows from the surface
through the ground it picks up nutrients and chemicals along its course, eventually depositing much
of these elements in the caves. To properly manage cave resources it is therefore critical that
managers understand the source(s) of the water that enters the caves. The watershed, including both
surface and groundwater sources, has never been fully defined for TICA; it is known that water
sources and recharge routes for Hansen and Middle caves are different than for Timpanogos Cave,
but previous studies have been inconclusive regarding the precise hydrogeology of the region.
Managers state that acquiring this information is at present their highest resource priority. This need
was emphasized in the 2006 NPS Geologic Resources Evaluation Report which stated that the first
priority for inventory, monitoring and research needs for water issues was to ‘Determine the nature
of the cave complex watershed by compiling baseline watershed and cave hydrogeologic data.’
Geological expertise would be needed to determine/suggest the hydrogeology affecting the cave. Dye
marker studies would need to be conducted; however, park staff could do much of the ground work
141

under direction from a cooperator, reducing costs. Expertise is available to summarize water quality
data, climate data, and information on cave ecology, but further discussions between TICA and
NCPN staff will be held in September to determine how best to proceed with potential cooperator
issues.
Priority Issues to be addressed by NPS

Cave Climate
The three caves that are generally now known as Timpanogos Cave were not naturally connected.
Tunnels were constructed in the 1930s to connect the three caves, which allowed greater visitor
access but also substantially altered the natural atmospheric conditions of the previously separate
areas. The presence of the tunnels now allows air to flow into or out of the caves (depending on the
season) at rates higher than before the tunnels were constructed, changing the natural temperature
and humidity regimes. In an attempt to reduce airflow between the caves, in the 1990s several doors
were constructed in the tunnels that are opened then closed as visitors pass through. The presence of
doors has had mixed results, but recent studies have shown that there is still considerable airflow
around the doors because they are not airtight. Studies of temperature in the caves have shown a
significant increase in temperature in the summer when the caves are open to visitation, due to both
the outflow of colder cave air as well as the heat generated by the many (up to 1000) people who
enter the cave during busy periods. At this point managers would like to summarize all of the
existing historic temperature and humidity data, which come from several sources, to assess the scale
of seasonal and longer term environmental changes within the caves.
Cave Physical Features
Thousands of beautiful and unique speleothems adorn the Timpanogos Cave system, but are at risk
from multiple human-generated impacts. Artificial lights combined with humid conditions allow
algae to grow on the formations, and dust, composed largely of fabric material and hair, accumulates
on the features and is usually difficult or impossible to remove. Features are also broken, usually
accidentally but occasionally by intent. Monitoring of the caves physical features is done primarily
by photo monitoring; over 100 permanent camera stations have been installed and photo sets are
acquired approximately every three years. The existence of historic photos and feature inventories
are also used to assess both natural and human-caused changes in the physical structure of the caves
and formations. Managers would like to summarize all these data sets to acquire a more
comprehensive assessment of the extent of change to physical features, and to document the level of
human impacts, for example by comparing changes in tour areas with those in more pristine locations
where visitors do not go.
Cave Water Quality
Water quality assessment methods for caves are different than they are for stream and surface sites.
Water quality monitoring in the Timpanogos caves is currently done in three subsurface lakes, one in
each of the three caves. However, the protocols vary; one site is monitored by EPA, one by the State
of Utah, and one by NPS. A summary and professional examination of the data, potentially in concert
with a watershed assessment, would provide managers with important information on overall water
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quality in the cave ecosystem for planning and management, and for prioritizing future research
priorities.
Cave Ecology
The biotic resources of the caves include bats, invertebrates, and microbial communities, and each
group has different threats. Bats communities include species that use the caves as well as terrestrial
habitats, so bats as a group will be discussed separately below. Invertebrates are primarily affected by
changes in water quality and impacts from visitors (trash in lakes, etc.), and microbial communities
are at risk primarily from the introduction of species from outside the caves. A fairly thorough
inventory for invertebrates was completed in 2003 that provided a good species list but little to no
information on population abundance or ecology, A microbial study was initiated around the same
time but was never completed, though these data may be accessible. Data on invertebrates and
microbes could be summarized and compared with other sites and historic information to potentially
assess current changes in and threats to these communities.
Bats
Some bat species in the monument use both cave and surface resources, while others don’t use the
caves at all. Previous studies and current sampling have provided good species lists for both groups
but very little information on population abundance or ecology. Some bats do hibernate in the caves,
but how many is not known, and impacts of visitors on bat populations in the caves is also not
known. The substantial impacts of white-nose syndrome (WNS) on bat populations in the eastern
part of the country, and the threat that the introduction of WNS would have on western populations
makes an assessment of bats in TICA a high management priority.
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