











topics. One of the prime research topics was to characterize karst features in ONSR and
interpret their importance to both the present and past geohydrologic framework of the area.
Locations of sinkholes, caves, and springs, some previously unknown, were recorded during
the course of the geologic mapping. Cave locations have not been published following the
rules and guidance of the Federal Cave Resources Protection Act, but other karst features are
included in the GIS data published with each quadrangle map. From 1996 through 1999,
various aspects of cave geology were studied by USGS in cooperation with Stanka Sebela of
the Slovenian Karst Research Institute. Sebela is an expert on the role of small-scale geologic
structures (faults, fractures, bedding orientation, etc.) as controls on cave passage formation.

See Figure 3 for an example from this research.

Figure 3. Map of structural features mapped in Round Spring Cave, ONSR (from Sebela et al.
1999). Rose diagrams show orientations of cave passage segments and orientations of joints mea-

sured in the cave.
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Seventy-nine caves in or near ONSR were studied to understand the geologic controls
on the development of groundwater conduits along the southeastern margin of the Ozark
Plateaus. Geologic mapping of 19 of these caves provides information on the stratigraphy, cave
passage orientation and morphology, and fracture attributes (Sebela et al. 1999; Orndorff et
al. 2006). Most of the cave base maps were obtained from the Missouri Speleological Survey.
A few of the caves were mapped by USGS scientists in cooperation with personnel from the
Cave Research Foundation (CRF), particularly Bob Osburn of St. Louis, Missouri.

USGS cooperation with the Ozark Cave Diving Alliance (OCDA) facilitated NPS
permitting the OCDA to dive and map the underwater cave feeding Alley Spring, the third
largest spring in ONSR (Figure 4). Geologic observations made by the divers verified
assumptions about the stratigraphic control of the geometry of the conduit. Video recordings
of the dives have been a valuable outreach tool for the park.

Knowledge of the geometry of the Alley Spring conduit (cave) led to a successful
proposal for a FY2009 USGS geology venture capital fund award titled “Three-dimensional
geophysical prospecting for a major spring conduit in the Ozark karst system using audio-
magnetotelluric (AMT) soundings and ground penetrating radar: A proof of concept study.”
AMT field data collected over a 2-week period in the vicinity of Alley Spring were processed
and analyzed by Herbert A. Pierce of USGS. Use of ground-penetrating radar is inappropriate
for the geologic setting and was not attempted. The results of the study were integrated with

Figure 4. Map and profile of Alley Spring Cave, simplified from a map produced by the Ozark
Cave Diving Alliance (2005). Geologic interpretation by D. Weary (USGS), based on surface
geologic mapping, observations by OCDA divers, video footage, and analogy to geologic control
seen in airfilled caves in the region. Discussions of this figure may be found in Weary and Pierce
(2009) and Lowell et al. (2010).
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the detailed geologic information, acquired through mapping, and the synthesis reported in
Weary and Pierce (2009) and discussed in detail in Lowell et al. (2010).

Early in the project, USGS mappers utilized conodont biostratigraphy as a tool to
aid in verification and correlation of stratigraphic units in ONSR. Conodonts are nearly
microscopic phosphatic parts of the oral apparatus of extinct primitive chordates that lived
during a period about 500-200 million years ago. Conodonts were ubiquitous in warm and
temperate seas during the Paleozoic through early Mesozoic and are one the most useful
fossils for biostratigraphic research in sedimentary rocks of this age.

Rock samples for conodont analysis were collected, as needed, under annual sampling
permits issued by NPS. USGS geologists were highly cognizant of the need to make as little
impact as possible on park resources, so samples were kept as small as practical and collected
from inconspicuous locations. These samples also contributed data to ongoing studies on
the stratigraphic history of Lower Paleozoic strata in the Ozarks region. Two research topics
of particular interest are: (1) the nature of the unconformable contact between the Eminence
Dolomite and the overlying Gasconade Dolomite, which corresponds to the Cambrian-
Ordovician boundary, and (2) the age of the Gasconade Dolomite to Roubidoux Formation
transition interval (Repetski et al. 1998, 2000a, 2000b; Miller et al., in press). Macrofossil
abundance is sparse, and when present they are commonly poorly preserved due to the
pervasive recrystallization of the rocks in ONSR; therefore they were not specifically studied
by USGS.

Uses for USGS data in ONSR

Beginning in 1996, USGS geologic data were being used by Missouri Department of
Conservation (MDC) as the foundation of the ecological classification system within the
park watershed. An ecological classification system is a physical and biological framework
that allows managers to identify, map, and describe land characteristics at scales suitable for
natural resources planning and management. Geologic data are one of the important layers
used in producing these maps and USGS cooperated closely with MDC and others by
providing timely geologic map data as particular areas were being mapped. These products
are used for vegetative community mapping, modeling, and management; invasive species
control; and species management and protection, among other uses.

Geologic education and outreach

Since 1996, USGS geologists have been ad hoc consultants for ONSR in support of
multidisciplinary studies, proposals, land management issues, and geologic educational
outreach. USGS geologists have been asked to review or comment on various geologic
interpretive displays produced for the park. On two occasions USGS karst experts
accompanied groups of seasonal cave guides assigned to Round Spring Cave to discuss
and educate them on the various aspects of the geology and speleology of the cave. This
knowledge is used to enhance the information provided by NPS guides in public tours of the
cave. USGS geologists also have led formal field trips in the project area in conjunction with
professional geological society conferences (e.g., Lowell et al. 2010).
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Direct and indirect support for USGS mapping activities

The majority of the funding for geological mapping and research in ONSR came from the
USGS National Cooperative Geologic Mapping Program (NCGMP), with additional funding
provided by the NPS Geologic Resources Division (GRD). Other significant contributions
included Congressional line-item funds via the US Forest Service to support studies related to
potential base metal mining in the area. ONSR has also contributed valuable field support to
USGS researchers via vehicle loans, vehicle parking, subsidized lodging, and canoe shuttles
for river work. Federal investment in this project leveraged additional geologic mapping
in ONSR by the Missouri Geological Survey. ONSR natural resource specialists have also
coordinated informal information exchange between USGS geologists and other scientists
working in the park.

Comments on and recommendations for USGS and NPS collaboration

Over the duration of the approximately 16-year mapping project, it became apparent to
USGS that there was value in involving several different mappers. Each geologist possessed
a particular set of knowledge and interests beyond his or her core competencies as mappers.
This diversity enriched and compounded the scope of geologic inquiry and interpretation.

Cooperation between USGS geologists and ONSR staff has been an ongoing success
because of the consistent funding support between similarly aligned programs within
each bureau. The presence of a NCGMP-supported project in the park area encouraged
interdisciplinary networking that leveraged other research activities. Communication and
coordination between NPS and USGS personnel has been successful due to the enthusiasm
and personal commitments by the individuals involved to the research.

After the GRD geologic inventory is completed, and NCGMP-sponsored activity has
moved elsewhere, it would be valuable to have a mechanism in place to encourage and
support continued USGS research and outreach in the national parks. This would encourage
topical research and USGS geologists could author or contribute to interpretive materials
and publications for parks they have worked in. Both agencies have invested time, money,
and significant parts of the careers of their staff in park geologic research. Formal ongoing
relationships between USGS researchers and the parks would facilitate extended use of the
geologic expertise gained and encourage delivery of better outreach and education products
to the American public.
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Mercury in the National Parks

Colleen Flanagan Pritz, Collin Eagles-Smith, and David Krabbenhoft

UNPREDICTABLE.
Ori1s1T?

One thing is certain: Even for trained researchers, predicting mercury’s behavior in the
environment is challenging. Fundamentally it is one of 98 naturally occurring elements, with
natural sources, such as volcanoes, and concentrated ore deposits, such as cinnabar. Yet there
are also human-caused sources, such as emissions from both coal-burning power plants and
mining operations for gold and silver. There are elemental forms, inorganic or organic forms,
reactive and unreactive species. Mercury is emitted, then deposited, then re-emitted—thus
earning its mercurial reputation. Most importantly, however, it is ultimately transferred into
food chains through processes fueled by tiny microscopic creatures: bacteria.

Mercury is ephemeral, but enduring and pervasive. It poses serious risks to environmen-
tal and human health. So, can we predict exactly where? What areas are most at risk?

Mercury is a highly toxic pollutant that has been both extensively utilized and widely
distributed across the globe by humankind’s activities. Because of its ubiquity and consider-
able toxicity, the US Geological Survey (USGS) has conducted several decades of research
to unravel mercury’s complex and seemingly mysterious behavior. One product of this work
has been the collection of an unprecedented amount of information to better understand the
story of mercury in the national parks, and other areas.

Once mercury enters an aquatic or terrestrial food web, trouble begins to brew. Mercury
can harm all forms oflife; it is one of very few elements for which there is no known biochem-
ical or biophysical need. In wildlife, high mercury concentrations can result in altered be-
havior and reduced foraging efficiency, reproductive success, and even survival. Exposure to
high levels of mercury in humans may cause damage to the brain, kidneys, and the developing
fetus. Pregnant women and young children are particularly sensitive to mercury exposure.

Mercury contamination is evident everywhere. More than 16 million lake acres and
1 million river miles are under fish consumption advisories due to mercury in the United
States, and 81% of all fish consumption advisories issued by the US Environmental Protec-
tion Agency are because of mercury contamination (USEPA 2013).
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Mercury contamination can be a substantial water quality issue for national parks in
even the most remote, relatively pristine locations far removed from point-source emissions,
because many of the landscape characteristics of aquatic ecosystems in protected lands—
abundant wetlands, full forest canopies, and naturally fluctuating water levels—are associated
with the production of the most toxic and bioaccumulative form of mercury: methylmercury.
Undeveloped landscapes with dense wetlands and forests generally yield highly favorable
settings for converting inorganic mercury, which is relatively unavailable for biological up-
take, to methylmercury. Wetlands are commonly home to anaerobic sediments, which in turn
serve as ideal landscape settings to host sulfate-reducing bacteria, commonly implicated as
the primary methylating agent in the environment. Tall and dense forested canopies act as air
filters, collecting and concentrating mercury from the air onto foliage, which later drops to
the ground in rain, snow, or litterfall. Mercury then collects in the soil and eventually moves
into streams and lakes. Drying and rewetting cycles resulting from seasonal fluctuations of the
hydrocycle also promote mercury methylation.

The importance of the methylation process on how mercury manifests itself as a seri-
ous environmental concern cannot be overstated. In fact, were it not for mercury’s relatively
uncommon susceptibility to become methylated, it would certainly be of little or no conse-
quence to living organisms except under the most extreme of contamination conditions.

Further, many national park ecosystems are largely intact. With this, there are complex
food webs and long food chains that also promote high concentrations of mercury at top
levels. Predatory fish, which commonly include those sought after for sport and human con-
sumption, are more likely to have elevated mercury concentrations due to biomagnification
within the food web. Older fish are particularly at risk given the increased susceptibility for
contaminant bioaccumulation over their longer life spans. Other factors that may further ex-
acerbate mercury accumulation and heighten ecosystem sensitivity, specifically in high-eleva-
tion and high-latitude areas, include the shorter growing season and slower growth of aquatic
species.

A major concern about mercury in national parks is the fact that much of the mercury
found in these remote areas is largely the result of air pollution from outside the parks. Al-
though there are natural sources of mercury such as volcanoes and mercury-enriched geo-
genic deposits, much of the mercury that affects parks comes from burning fossil fuels, like
coal, in power plants. Waste incinerators, industrial boilers, cement manufacturing, and min-
ing operations are other human-related mercury emission sources. Once emitted to the air,
mercury can travel great distances before it returns to the earth with rain, snow, dust, and fog,
or via passive uptake by photosynthetically active plants. Upon conversion to methylmercury,
a transformation that easily occurs in the ideal environmental conditions provided by many
national parks, mercury both bioaccumulates (builds up) and biomagnifies (increases in con-
centration with each successive step up the food chain) in organisms (Figure 1). Organisms
that live at the top of food chain (e.g., bald eagles, common loons, bears, lake trout, humans,
etc.) are most at risk for exposure to high levels of mercury through fish consumption.

Mercury threatens the very resources that the National Park Service (NPS) is mandated
to protect. The NPS Organic Act (16 USC 1 [1997]) directs the agency to promote and reg-
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Figure 1. Sources and paths of mercury in the environment.

ulate the use of the national parks, whose “purpose is to conserve the scenery and the natural
and historic objects and the wild life therein, and to provide for the enjoyment of the same ...
as will leave them unimpaired for the enjoyment of future generations.” Additionally, under
the Clean Air Act (42 USC 7470 [2]), NPS is mandated to “preserve, protect and enhance
the air quality in national parks ... and other areas of special national or regional natural,
recreational, scenic or historic value.”

NPS and USGS are mutually interested in studies concerning the effects of mercury,
as well as other air pollutants, on natural resources. These studies tie into National Park
Service goals to lead America in preserving and restoring treasured resources, demonstrate
environmental leadership, offer superior recreational experiences, foster exceptional learning
opportunities that connect people to parks, and be managed with excellence. The focus of
USGS research on mercury in the national parks centers on ecosystem and human health
risk, both predicted and actual. The projects highlighted herein specifically outline work
contributed by the USGS Mercury Research Lab (MRL) and USGS Forest and Rangeland
Ecosystem Science Center (FRESC), in collaboration with the NPS Air Resources Division
(ARD), across parks, regions, and networks (Figure 2).

Where we have been

Everglades National Park (FL): Investigating the mercury cycle. Due to an increased public
concern for wildlife and human health resulting from mercury toxicity in the Florida Ever-
glades, USGS MRL initiated the Aquatic Cycling of Mercury in the Everglades (ACME)
project in 1995. The overall objective of the ACME project was to conduct intensive, pro-
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Figure 2. Recent USGS-NPS collaborative studies on mercury in the national parks: fish (2008 -
2012), dragonfly larvae (2011-2015), and multiple media (1995 -present; intensive research on
mercury dynamics and distribution at hotspot parks). The background layer illustrates 2012 mercury
wet deposition estimates. Data from National Atmospheric Program Mercury Deposition Network;
http://nadp.sws.viuc.edu/mdn/.

cess-oriented research that focuses on the primary mercury sources, cycling pathways, and
bioaccumulation in the Everglades, and to provide an anticipatory understanding of how
the ecosystem restoration program may affect mercury in the future. ACME made several
key contributions toward improving understanding of the mercury cycle in the Everglades,
including basic information on the relationship between methylmercury production and bio-
geochemical variables, such as nutrients, sulfate, sulfide, and dissolved organic matter (Krab-
benhoft et al. 2000). Key findings included: (1) sulfate loading to the Everglades increases
microbial sulfate reduction in soils and ultimately enhances methylmercury production and
bioaccumulation in some parts of the Everglades ecosystem; and (2) the large gradients in
sulfur, methylmercury and dissolved organic matter across the Greater Everglades Ecosys-
tem are driven in part by agricultural drainage and water management practices. Dvonch et
al. (1995) attributed elevated mercury concentrations in several Everglades rain event sam-
ples to local sources. At Everglades National Park, elevated concentrations of mercury in
invertebrates, frogs, fish, wading birds, pythons, alligators, and Florida panthers have been
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documented; some at levels known to cause neurologic and reproductive impairment (NPS
2011a).

Yellowstone National Park (MT/WY): Studying the source, pathways, and fate of
mercury. Yellowstone National Park is saturated with spectacular geothermal features. These
geysers and hot springs also happen to be natural sources of mercury. Given that, many sci-
entists speculated that the park might be one of the largest natural mercury emission sources
on the planet. USGS scientists tested that assumption and set up the Mobile Atmospheric
Mercury Laboratory to assess the relative importance of sources from within and outside
Yellowstone National Park (Hall et al. 2006). Results indicate that Yellowstone is not as large
a source of mercury to the atmosphere as was once thought. In fact, scientists found that
wildfires burning near or in the park released appreciably more mercury to the atmosphere
than the park’s geothermal sources. USGS also studied the dynamics in the park’s thermal
features, using the ratio of naturally occurring mercury isotopes present in the geothermal
waters to trace or identify sources of mercury to the environment. Although mercury occurs
naturally in hot springs, its most toxic form, methylmercury, appears to be entering the food
chain largely by accumulating in slimy microbial mats (King et al. 2006; Boyd et al. 2009;
Sherman et al. 2009). The results of these studies have increased our understanding of the
origins, transport, and fate of mercury from Yellowstone’s geothermal areas. In addition, new
insights have been gained on the relative contributions of natural versus human mercury
sources and local versus regional mercury sources.

Where we are now

NPS Inventory & Monitoring networks: Predicting mercury risk. To reiterate: the toxicolog-
ical risk of mercury contamination is strongly tied to factors that facilitate the conversion of
inorganic mercury to the more toxic and bioavailable form, methylmercury. Methylmercury
production is driven by multiple biogeochemical factors such as organic carbon availabili-
ty and quality, redox fluctuations, inorganic mercury speciation and adsorption, and sulfur
chemistry (Figure 3). These factors influence both the activity of mercury-methylating micro-
bial groups, as well as the availability of inorganic mercury. However, these factors and their
relative importance can vary in time and across the landscape, making predictions of risk
difficult. Understanding how these local drivers influence mercury cycling across ecosystem
types is a critical component to developing robust predictions of potential mercury impacts
to aquatic ecosystems in national parks and other sensitive areas.

USGS research summarized in Lubick (2009) and Wentz et al. (2014) showed that
mercury deposition, primarily atmospheric deposition from industrial emissions, is just one
factor that influences the levels of bioavailable methylmercury. However, “variations in eco-
system properties that govern methylmercury production in an ecosystem are probably much
more important [in determining which ecosystems have fish with high methylmercury] than
the variation of mercury deposition across the country” (Lubick 2009, citing M.E. Brigham).
That said, while variability in ecological conditions tend to drive spatial trends in methyl-
mercury abundance, swings in deposition drive the majority of temporal methylmercury
variability.
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Figure 3. Emerging relationships between mercury (Hg) methylation and environmental conditions

or gradients. Water chemistry and site characteristics measured in USGS studies in national parks
allow for testing of these responses. Figure adapted by Eagles-Smith et al. 2013.

Wetland abundance within a watershed, carbon levels within soils, dissolved organic
carbon (DOC) in surface waters, suspended sediment concentrations in streams, and stream-
flow have all been shown to be key factors in determining the levels of methylmercury in
waters, and mercury concentrations in aquatic fauna, within a given watershed (Brigham et
al. 2009; Chasar et al. 2009; Marvin-DiPasquale et al. 2009).

Although our understanding of mercury cycling and distribution is well understood at
national parks such as Everglades and Yellowstone, these sites are the exceptions, not the
rule. Comparatively few parks nationwide have received substantial study of mercury cycling
and ecosystem risk. In order to assess potential risk of mercury contamination at other na-
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tional parks, USGS MRL is working in collaboration with NPS ARD to refine a sensitivity
model for predicting methylmercury concentrations in surface waters of the 270 parks in the
Inventory & Monitoring networks. Based upon common water chemistry data (i.e., DOC,
sulfate, pH) and landcover criteria (wetland coverage), the model predicts aqueous meth-
ylmercury concentrations and identifies park units that are likely to have conditions most
conducive to methylmercury production (Krabbenhoft et al. 2011).

An associated NPS-mapping-specific application for national parks is currently under
development. The tool will allow users to select a particular park, drill down to the mega-wa-
tershed level (HUCs; hydrologic unit codes) within each park, and assess the predictive vari-
ables and the estimated methylmercury concentration. For each respective layer, the parame-
ters were classified by quintiles, relative to all other NPS units included in the model: the top
two upper quintiles (4th and 5th) represent the highest risk, the middle two quintiles (2nd
and 3rd) represent moderate risk, and the lower quintile (1st) the lowest risk. For example,
watersheds that contain the highest percentage of wetland land cover (the 5th quintile) fall
into the high-risk category.

The methylmercury risk mapper provides direction for ¢ s¢tu studies of biota in nation-
al parks, providing resource managers with insight on potential hotspots, or areas at partic-
ular risk for elevated mercury levels. The interactive tool was made publicly available in the
summer of 2014.

Western national parks: Assessing fish and ecosystem health. Fish tissue from freshwa-
ter environments represents an important component for evaluating mercury cycling, bioac-
cumulation, and ecological risk, including the potential risk to humans consuming fish. Fish
are the fulcrum on which the story of mercury pivots. The public identifies with fish; people
eat them. Fish provide recreational enjoyment through sport fishing; they also offer spiritual
and cultural benefits, particularly for tribes who depend on them to sustain life. The dietary
benefits of consuming fish include improved cardiac health from increased omega-3 fatty
acid consumption or potential reduced intake of unhealthy fats due to food substitutions.
The risk of elevated mercury in fish is not only a concern for people who eat fish, but for land
managers who manage other fish-eating organisms, such as birds and mammals, and the fish
themselves.

While previous studies identified regional patterns in mercury deposition (Krabbenhoft
et al. 2002) and elevated mercury concentrations in some fish from remote, high-elevation
water bodies in a few western national parks (Schwindt et al. 2008), there was a lack of a
systematic characterization and assessment of mercury risk across remote areas of the West.
In addition, for many years there was an assumption among researchers that generally drier
western US areas experience less mercury loading due to lower rainfall amounts. However,
more recent information has revealed that eastern versus western atmospheric loading differ-
ences are largely minimized by a better appreciation for the importance of mercury loading
from dry deposition (e.g., dust), and thus there is a better appreciation for more mutually
susceptibility along longitudinal gradients.

Given the significant role that atmospheric mercury deposition plays in these areas,
USGS FRESC worked in collaboration with NPS ARD to study mercury in freshwater fish
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across 21 western national parks, from Alaska to Arizona. Between 2008 and 2012, NPS
resource managers collected more than 1,400 individual fish from 86 lakes and rivers extend-
ing over a distance of 4,000 km. USGS scientists measured mercury concentrations in fish
muscle tissue. Sixteen fish species were sampled, with a focus on commonly consumed sport
fish found across the study area such as brook, rainbow, cutthroat, and lake trout. Smaller
prey fish consumed by birds and wildlife were also sampled. The primary objectives includ-
ed: (1) comparing fish mercury concentrations between parks and among sites within parks,
(2) determining at what spatial scale variation in fish mercury concentrations is attributed,
and (3) evaluating fish mercury concentrations in parks with respect to a range of wildlife and
human health benchmarks (Eagles-Smith et al. 2014).

Findings indicate that mercury levels varied greatly, both from park to park and among
sites within each park (Figure 4). Although fish mercury concentrations were elevated in
some sites, the majority of fish across the region had concentrations that were below most
benchmarks associated with impaired health of fish, wildlife, and humans. In most parks,
mercury concentrations in fish were moderate to low in comparison with similar fish species
from other locations in the western states. Mercury concentrations were below the US Envi-
ronmental Protection Agency’s (USEPA’s) fish tissue criterion for safe human consumption
in 96% of the sport fish sampled. There were, however, particular areas identified that had
elevated fish mercury concentrations, including levels that exceed human consumption and/
or wildlife health benchmarks. The average concentration of mercury in sport fish from Lake
Clark and Wrangell-St. Elias (AK) national parks exceeded USEPA’s human health criteri-
on. Mercury levels in individual fish at Lassen Volcanic (CA), Mount Rainier (WA), Rocky
Mountain (CO), Yellowstone (WY), and Yosemite (CA) national parks also exceeded the
human health criterion (Eagles-Smith et al. 2014).

Mercury concentrations in individual fish also exceeded the most conservative fish
toxicity benchmark at Capitol Reef (UT), Lake Clark (AK), Lassen Volcanic (CA), Mount
Rainier (WA), Rocky Mountain (CO), Wrangell-St. Elias (AK), Yosemite (CA), and Zion
(UT) national parks, and levels in some fish exceeded the most sensitive health threshold
for fish-eating birds at all parks except Crater Lake (OR), Denali (AK), Grand Teton (WY),
Great Basin (NV), Great Sand Dunes (CO), Mesa Verde (CO), and Sequoia-Kings Canyon
(CA) national parks. Other national parks in this study were Glacier (MT), Glacier Bay (AK),
Grand Canyon (AZ), North Cascades (WA), Olympic (WA), and Yellowstone (WY) (Ea-
gles-Smith et al. 2014).

Where we are going: Evaluating mercury risk using dragonfly larvae

Given the complexities associated with local drivers of mercury cycling and the development
of robust predictions of potential impacts to aquatic ecosystems in national parks, the appli-
cation of biosentinel organisms has emerged as an important monitoring and research tool.
Biosentinels can provide a better-integrated indicator of mercury variation among locations
than water, and are more appropriate proxies for human and wildlife risk (Knights et al. 2005;
Simonin et al. 2008; Sackett et al. 2009). Biosentinels are similar to the “canary in the coal
mine,” a surrogate for environmental health, that can be used to detect the potential risk

The George Wright Forum ¢ vol. 31 no. 2 (2014) « 175



Specien, Average  Individual
Fith Trpe Fihy Fish

Health Theesholis
Brosash Troim i) ;- et
P Troo" ] - i T, [ ——.
Flaian: 30 Tpl]  e—
| Cuntbeost Teour [ - bt
mgpvcres T -  Berteioen
LS00 T Cithay " iroer - .
|| mgirerivoe” g .
|| Lodle fuh® . -

F

A

Lo 1 .

74

W
jj.gﬁg}%%if;‘é{ffq iﬂ;«**}’;ﬁ?ﬂéfﬁ fi/}% fa}'é’féfﬁf%’
Figure 4. Total mercury in average fish muscle tissue (bars) and individual fish (circles), by species
in wet weight (ww), compared with health benchmarks established for fish toxicity (325 ng/g ww),
highly sensitive fish-eating birds (139 ng/g ww), and human consumers (300 ng/g ww; USEPA

criterion). Data are plotted on a log10 scale. Figure from NPS 2014.

to humans and wildlife by providing advance warning of a danger. Effective biosentinels of
ecosystem risk for mercury are widespread and ubiquitous, relatively easy to sample, linked
to key energetic processes within ecosystems, ecologically well studied, and responsive to
localized changes in methylmercury availability and cycling.

Dragonfly larvae (Odonata: Anisoptera) are aquatic macroinvertebrates that meet those
criteria, and are being collected in at least 50 parks across the nation over five years (2011-
2015) for analysis of mercury. USGS FRESC and MRL recently teamed up with NPS ARD,
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University of Maine, participating parks, citizen scientists, and other partners to build upon
a successful pilot effort to evaluate and establish dragonfly larvae as robust biosentinels of
aquatic mercury contamination in NPS units across the country (Flanagan et al. 2012; Wie-
ner et al. 2013). This project is the first of its kind to validate a common and abundant bi-
osentinel in national parks across the US, sample freshwaters in parks in a single coordinated
study to determine mercury risk, and engage citizen scientists in the process.

Dragonfly larvae are shedding light on the risk of mercury contamination throughout
the national park system. While fish are perhaps the most commonly used indicators be-
cause they occur across a wide geography and provide strong linkages to human and wildlife
health, dragonfly larvae are relatively easier to collect, and represent the risk to mercury in
fishless ecosystems like shallow ponds, ephemeral pools, and marshes—some of the most
productive and ecologically important aquatic habitats. Preliminary results from the pilot
study in dragonfly larvae indicate that mercury concentrations are greater at parks in the east-
ern US than those in the western US, and site differences within parks reveal that dragonfly
larvae can reveal fine-scale differences in mercury risk. Related research shows that mercury
in dragonfly larvae was correlated with both methylmercury in water and mercury in fish in
the same water bodies (Haro et al. 2013), confirming their utility as an effective indicator of
ecosystem risk.

Twenty-two national parks have participated in the project to date, from Denali (AK)
and Big Cypress (FL), to Acadia (ME) and Golden Gate (CA), collecting over 700 drag-
onfly larvae at 50-plus sampling sites. Close to 300 citizen scientists, including students,
Youth Conservation Corps members, and bioblitz participants have thus far contributed ap-
proximately 1,700 hours of volunteer time. Up to an additional 28 parks will participate in
2014-2015. Public engagement in this project directly implements the NPS Call to Action
Items #7, “Next Generation Stewards,” and #16, “Live and Learn,” by enlightening a new
generation of citizen scientists about the connection of all living things and the influence hu-
mans have upon natural systems, and how environmentally responsible decisions can protect
our parks and the planet (NPS 2011b).

This project links chemical and habitat parameters with food web bioaccumulation and
ecological risk. The main objectives are to: (1) use an established citizen scientist program
network to collect samples for assessing variation in mercury and methylmercury in freshwa-
ters and biosentinels across US national parks, and (2) determine how temporal variation,
site characteristics, water chemistry, and biological drivers affect freshwater and biosentinel
mercury accumulation. Habitat variables, developmental stages, and genus/species-specific
traits of dragonfly larvae will also be considered.

Furthermore, this project contributes to the refinement and expansion of the methyl-
mercury prediction model and mapper (Krabbenhoft et al. 2011) by providing both water
chemistry predictor data (e.g., DOC, sulfate, pH) and measured total and methylmercury
in surface waters for each participating park, and new data for previously unmodeled parks.
This biosentinel project also provides the opportunity to compare predicted methylmercury
vulnerability from the geospatial model to observed mercury in a single taxon—the drag-
onfly—across all participating parks. Validation data such as these, which confirm relative
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mercury burdens in biota, are sparse, and rarely are the same biota sampled across multiple
parks or regions in a standardized way.

Where does that leave us?

NPS safeguards nearly 400 highly valued places for the protection of unique natural and
cultural resources and scenic beauty. Research and monitoring efforts across the 84 million
acres represented by national parks include assessments of mercury in insects, amphibians,
fish, birds, water, sediment, snow, air, vegetation, and wildlife.

Variation in site-specific mercury concentrations within individual parks suggests that
more intensive sampling in some parks will be required to effectively characterize mercury
contamination at these locations. Future targeted research and monitoring across park habi-
tats would help identify patterns of mercury distribution across the landscape and ultimately
facilitate informed management decisions aimed at reducing the ecological risk posed by
mercury contamination in sensitive ecosystems protected by NPS. Other investigations on
source attribution and actual effects on park resources will further our understanding of this
complex issue.

Continued coordination with other entities will build awareness of the issue of mercu-
ry contamination in the national parks. For instance, NPS and USGS FRESC are working
together on developing a mercury benchmark to assess the condition for park planning pro-
cesses. NPS is also working with state officials on potential fish consumption advisories, as
is the NPS Office of Public Health to communicate advisories. Results are also related to
USEPA efforts, including nationwide monitoring programs.

Further, the data collected herein serves as a baseline by which responses to anticipat-
ed future decreases in mercury emissions under USEPA’s mercury and air toxics standards
(MAT'S) can be assessed for effectiveness in removing mercury from food webs. The MAT'S
final rule requires an approximate 90% reduction in mercury emissions from 1,400 of the
largest coal- and oil-fired utilities by 2015. There are also implications for the international
arena and global mercury treaties, and the myriad aspects of global change, which will affect
the behavior and distribution of mercury worldwide (Krabbenhoft and Sunderland 2013).

Mercury is lively, complicated, and mercurial. It challenges the very mission of the na-
tional parks to leave wildlife unimpaired for future generations. Thanks to the working part-
nership between USGS and NPS, society is gaining a better understanding of the risk to
national parks. Ultimately, NPS would like to see less contaminants in park ecosystems, espe-
cially those such as mercury where concentrations exceed thresholds for potential negative
health effects on wildlife, and in some cases, people.
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Connecting the Dots: A Collaborative USGS-NPS
Effort to Expand the Utility of Monitoring Data

Fames B. Grace, Donald R. Schoolmaster, Fr., E. William Schweiger,
Brian R. Mitchell, Kathryn Miller, and Glenn R. Guntenspergen

Introduction

TuE NaturaL REsourck CHALLENGE (National Park Service 1999) was a call to action. It
constituted a mandate for monitoring based on the twin premises that (1) natural resources
in national parks require active management and stewardship if we are to protect them from
gradual degradation, and (2) we cannot protect what we do not understand. The intent of the
challenge was embodied in its original description:

We must expand existing inventory programs and develop efficient ways to monitor
the vital signs of natural systems. We must enlist others in the scientific community
to help, and also facilitate their inquiry. Managers must have and apply this informa-

tion to preserve our natural resources.

In this article, we report on ongoing collaborative work between the National Park Ser-
vice (NPS) and the US Geological Survey (USGS) that seeks to add to our scientific under-
standing of the ecological processes operating behind vital signs monitoring data. The ulti-
mate goal of this work is to provide insights that can facilitate an understanding of the systems
and identify potential opportunities for active stewardship by NPS managers (Bennetts et al.
2007; Mitchell et al. 2014). The bulk of the work thus far has involved Acadia and Rocky
Mountain national parks, but there are plans for extending the work to additional parks.

Our story starts with work designed to consider ways of assessing the status and con-
dition of natural resources and the potential for historical or ongoing influences of human
activities. In the 1990s, the concept of “biotic integrity” began to take hold as an aspiration
for developing quantitative indices describing how closely the conditions at a site resemble
those found at pristine, unimpacted sites. Quantitative methods for developing indices of
biotic integrity (IBIs) and elaborations of that idea (e.g., ecological integrity) have received
considerable attention and application of these methods to natural resources has become

widespread (Karr 1991; Barbour et al. 1999; Stoddard et al. 2008). Despite widespread use,
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many questions remain about how metrics are combined to form effective indices and about
how to interpret both.

Scientists and natural resource specialists within NPS and USGS have joined forces to
critique the current analysis methods, with the collaboration involving the Rocky Mountain
and Northeast Temperate NPS Inventory and Monitoring (I&M) networks, along with oth-
ers,and USGS scientists from the National Wetlands Research Center and Patuxent Wildlife
Research Center. Funding that initiated the project was from a joint-partnership fund man-
aged by the USGS Ecosystems Program for National Park Monitoring research and the work
was focused at Acadia National Park and Rocky Mountain National Park. Here we present
synopses of two major issues addressed by the group.

Problem 1: Developing an interpretive framework for assembling multimetric indices
Multimetric indices such as the IBI are constructed by combining measures of biological
characteristics that correlate with human alterations of ecosystems into a single integrative
measure. Combining measures into a single index seems like a simple matter, but the process
is complicated by (1) the fact that both human activities and natural system characteristics
can covary across environmental gradients, (2) the necessity to choose from many available
metrics to create an effective index, and (3) the fact that one has to decide how to mathemat-
ically assemble the final index.

The issue of natural gradients (e.g., variations in elevation) is particularly problematic.
Historic human use in parklands typically varied along such environmental gradients. For
example, there have been fewer historical uses and there are now usually far fewer visitors at
high elevations. Natural ecosystems also change along these gradients (high-elevation wet-
lands are naturally much different from those at low elevation) and thus false or spurious cor-
relations between human disturbance and ecosystem condition can occur. Because of these
complications, we are left to disentangle effects of natural gradients from those of human
effects. While this problem is well understood, we feel that traditional solutions, which rely
on “statistical control,” not only obscure the logic behind adjustment procedures, they also
risk biasing estimated effects. Scientists wish to make adjustments based on scientific inter-
pretations of a situation, not on a purely automatic process with questionable assumptions.
So, we decided on a different approach.

In our work, we decided to apply graphical analysis and causal modeling to tackle these
problems (Schoolmaster et al. 2013). These somewhat advanced methods pose hypotheses
about why variables are correlated, and use causal diagrams for analyses. Figure 1 shows a set
of hypothetical scenarios we evaluated. In this example, there is a common suite of variables
included, but the causal relations between them are different in each case. Standard methods
of adjusting for the effects of the natural gradients treat all these situations as if they are the
same, but we showed that such an approach leads to serious mistakes. We went on to pro-
vide a documented process for preparing indices that is appropriate for different situations
(Schoolmaster et al. 2012a). Most importantly, by showing the presumed causal connections
visually in a graph, the approach permits investigators and managers to consider how the
coupled human-natural system works, while guiding the process of quantifying conditions.
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Figure 1. Range of scenarios used to consider how different causal situations would influence
automatic approaches to statistical control in index of biotic integrity (IBl) construction (from School-
master et al. 2013). “E” represents an environmental factor, “D” a human disturbance factor, and

u_n

m” a biological metric.

Building on these ideas, we re-evaluated the fundamental principles behind indices generally
(Schoolmaster et al. 2012a). Here we again used causal graphical diagrams to lay out the
problem, going on to develop a protocol for index assembly when the goal is to build an
index in the most efficient and effective manner (Schoolmaster et al. 2012b).

Problem 2: Figuring out the pathways whereby human activities connect

to biological conditions

The process of building an index for assessing biotic integrity involves combining many piec-
es of information into a single, integrative index. When calibrated against a quantified range
of human disturbance, such indices become reflective descriptions that can be used to diag-
nose altered conditions in the landscape (Figure 2).

In addition to meeting the primary objective of assessing and tracking conditions (bioas-
sessment), the data collected along the way can serve an additional, important purpose: pro-
viding insights into how human activities may have altered biotic conditions, and therefore,
perhaps, what park managers might do about changes that are undesired. Describing our
work on this second problem requires us to get a bit more specific about the systems being
examined.

Acadia National Park is one of the most visited NPS units in the eastern US. Among its
many outstanding features is a large collection of wetland communities scattered across its
terrain. Prior collaborative studies of 37 nonforested wetlands involving NPS, USGS, and
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university partners (Little et al. 2010) had described many of the ecological relationships
between wetland types and environmental conditions. Measured were (a) landscape condi-
tions for each wetland, (b) water pH and conductivity, (c) hydrologic fluctuations, and (d)
plant community characteristics. Building on that, we added additional data describing the
degree and types of human activities around the studied wetlands, permitting us to develop
an IBI for the system (Figure 2). Then we went about the business of posing and evaluating
hypotheses about how human activities might impact natural conditions in the wetlands.
We tackled the problem using a methodology known as structural equation modeling. This
method is built around the idea of causal networks, and specifically how hypotheses about
cause-effect connections in systems can be evaluated against data. The details of our study
and of the methods used are given in Grace et al. 2012; here we describe generally what was
examined and found in that analysis.

Of all the activities in our study, the business of proposing and evaluating hypotheses
about how wetlands might be impacted by human activities required the most teamwork.
Here, both researchers and park natural resource managers had plenty of ideas. Figure 3
shows the major ways that humans typically impact wetlands: through alterations to nutrient
inputs and changes in hydrology. Following a consideration of the measured variables and
using our knowledge about the system, we constructed an initial causal network model for
evaluation (Figure 4).

Lots of thinking and discussion went into constructing the initial hypothesis/model.
First, as shown in the top part of Figure 4, the model considered how the different mea-
sures of human activities fit together. Patterned after prior work developing IBIs for wetlands
(Mack 2001), an evaluative system appropriate for quantifying human activities in the local
area was developed and information on human activities were aggregated into measures of
(a) intensity of land use, (b) the degree to which hydrology had been altered, (c) how close to
the edge of a wetland human activities had occurred (also known as “buffer intrusion”), and
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(d) where there was obvious soil disturbance adjacent to or in the wetland. A logical set of
hypothetical relations between elements of the model was developed.

The bottom of the model in Figure 4 includes three major system attributes selected to
represent wetland condition or characteristics apparently sensitive to human alterations of
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the habitat. Such characteristics were revealed in the process of screening a long list of possi-
ble metrics against an overall index of human disturbance (constructed from the above-men-
tioned measures of human activities). First, we saw a prominent negative relationship be-
tween human disturbance and native species diversity (specifically, species richness). Second,
Sphagnum moss, an indicator of higher-quality bog habitats, was also lower where human
activities were greatest. Third, cattails (Typha taxa) were observed to dominate in heavily dis-
turbed areas, a common phenomenon in wetlands worldwide (Newman et al. 1996). While
other wetland features were also found to vary with human disturbance, modeling is partly
about simplification, and we felt the three characteristics included in the model were the most
interpretable and most meaningful to management.

The final thing we considered when developing the initial model was whether any mea-
sured variables might capture the environmental changes linking human activities to the bi-
otic responses (these are often referred to as mediator variables). Measurements of water con-
ductivity and pH showed clear relationships to human activities. While nutrient inputs into
the wetlands were not measured directly, we felt that water conductivity, which is strongly
influenced by total mineral solutes in the water, might serve as an indicator of nutrient load-
ing (Biggs 1995). Finally, data from water level recorders allowed us to calculate a number of
summary measures of water level and its fluctuation. Most importantly, the number of days
each year when the soil was flooded at the monitoring site was most clearly related to wetland
condition. The general hypothesis represented by our model was that human influences on
water conductivity and duration of flooding could explain the major effects of land use inten-
sity on wetland characteristics (Figure 4).

In structural equation modeling, the evaluation of the initial hypothesis with actual data
1s a matter of seeing “if things add up.” If a model accurately reflects important properties of a
system then the raw correlations between system properties (as represented by the variables
in the model) will all add up to those implied by the model. For example, we would expect the
observed correlation between land use intensity and native plant richness would equal the
sum of all path strengths connecting the two variables. Proceeding from this basic premise,
an evaluation of alternative models was conducted.

Once the mitial model was evaluated with data, some of the ideas incorporated in the
model had to be revised. Perhaps most importantly, the analyses showed that some addition-
al connections beyond those initially suspected needed to be included (Figure 5). It seems
that land use intensity is negatively associated with native plant richness (shown as a direct
arrow from land use intensity and plant richness in the model) for some reason beyond those
captured by the mediator variables in the model. We must be careful to rule out influences
of land use planning before concluding there 1s some additional influence of actual land use
on native plant richness, but both possibilities remain for future consideration. Also unantic-
ipated were small, but detectable, impacts on Sphagnum from hydrologic alterations and soil
disturbance, which were added to the model, again for future investigation.

Perhaps as important as the links that had to be added to the model are those whose im-
pacts were undetectable in the data (Figure 5 versus Figure 4). Surprisingly, the intrusion of
human construction activities into the immediate buffer around a wetland is not required for
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hydrologic alterations to be important. Our revised view is that damming of outflows, either
purposely or in concert with roadways, works in combination with the natural topography
to stabilize water levels in many of the wetlands. Also, buffer intrusion does not seem to au-
tomatically enhance nutrient runoff and elevated water conductivities as expected. Results
reveal the direct path in the model from land use intensity to conductivity was quite strong,
suggesting nutrient inputs to wetlands primarily involve established routes for water move-
ment. Expected but not detected was an influence of flooding duration on cattails, as has
been found in other locations (Grace 1989). Finally, once joint influences were considered,
we did not detect direct impacts of cattails on Sphagnum or native species diversity. It is be-
lieved that this lack of relationship occurred because cattail abundances have not yet reached
critical levels (and hopefully will not).

Overall, the results from Acadia (especially focusing on the thickest arrows that show
the strongest relationships in Figure 5) provide a general confirmation of the idea that human
influences on biotic conditions are through nutrient inputs and altered hydrology, though
with some additional processes operating as described in the preceding paragraph. Aside
from providing a concrete and quantified representation of the coupled human-natural sys-
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tem, details of the model results suggest some opportunities to prevent further degradation,
as explored in Grace et al. 2012. For example, we can ask how blocking any particular path in
the model might influence this particular suite of wetlands (those sampled). It must be noted
that modeling enterprises such as the one demonstrated here depend on assumptions that
require further evaluation. Nonetheless, it is notable that nearly all the data necessary for this
analysis were already collected in the previous studies through the natural intuitions of the
scientists and natural resource personnel involved.

A joint effort—Using modeling to motivate monitoring

High-quality monitoring efforts such as the NPS Vital Signs program are challenging to de-
velop and expensive to maintain. Sustaining year-after-year measurement protocols depends
on the long-term value of the effort being sufficiently appreciated to maintain support for
the effort. We believe that the example described above represents a proof of concept that
additional analyses can produce insights from monitoring data that are intuitive, useful, and
may aid management decisions. At Rocky Mountain National Park, where similar wetland
bioassessment modeling was developed (Schweiger et al., in press), the initial effort to devel-
op IBIs is being extended to include structural equation modeling studies of how human and
natural disturbance agents may be affecting ecosystem conditions. At Acadia National Park,
the wetland focus has been replaced by an effort to develop general models for forest health,
with the ultimate intention of extending this effort to additional parks in the eastern forest
biome. The partnership between NPS and USGS in this endeavor results in a combination
of talents, skills, and knowledge that generates an important synergism with many potential
benefits. It is our hope that the modeling effort will help maintain awareness of the many
values of the monitoring effort, which is ultimately vital to management.
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The US Geological Survey-National Park Service
Water Quality Partnership

Alan C. Ellsworth, Mark Nilles, and Gary Rosenlieb

Tue Nar1oNAL ParRk SERVICE (NPS) AND THE US GEoLOGICAL SURVEY (USGS) work together
to administer and operate a water quality-focused partnership program. This program was
started as part of the Clean Water Action Plan,a 1998 presidential initiative to commemorate
the 25th anniversary of the Clean Water Act through plans and actions to further restore and
protect America’s waters. Under the partnership, water quality projects are developed jointly
by USGS and NPS personnel to support a broad range of policy and management needs
related to high-priority issues in national parks.

The National Park Service manages highly valued aquatic systems across the country,
including portions of the Great Lakes, ocean and coastal zones, historic canals, reservoirs,
large rivers, high-elevation lakes and streams, geysers, springs, and wetlands. The water qual-
ity partnership program has proven tremendously successful in supporting USGS-led stud-
ies, resulting in nearly 160 completed projects that support efforts to conserve and improve
the nation’s water resources. Some of the ongoing projects are highlighted in the NPS Call
to Action item “Crystal Clear,” which celebrates national park water resource initiatives to
provide clean water into the next century of park management (www.nature.nps.gov/water/
crystalclear/).

Partnership projects range from one-year technical assistance activities that provide con-
sultation with USGS scientists to three-year intensive projects involving hypothesis-driven
data collection, assessment, and publication in peer-reviewed reports. These partnership
projects are developed in response to an annual request for proposals that is released to na-
tional parks through their regional offices and USGS science centers. To date, 197 partner-
ship projects have been undertaken in over 120 national park units. The current program
bibliography (http://water.usgs.gov/nps_partnership/pubs.php) includes over 135 publica-
tions.

Project selection is highly competitive, funding only 8 new projects each year out of the
approximately 75 short pre-proposals that are initially submitted for the annual call. At each
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stage in the evaluation and selection process, proposals are reviewed by teams composed of
experienced professionals in equal numbers from USGS and NPS to ensure that the process
reflects a true and equal partnership. Recent projects have addressed issues such as identify-
ing and quantifying impacts of historical mining operations to help prioritize cleanup efforts,
evaluating nutrient inputs related to reservoir level management, identifying recreational use
effects, and providing state-of-the-art research on the presence of endocrine-disrupting com-
pounds and their impacts on fish and other organisms within park units. In the following four
common project themes for partnership work, a completed project is highlighted along with
the key information gained by these collaborative studies between USGS and NPS.

Historic land use and reclamation

Many NPS-managed lands have experienced impacts from land use activities including
mining, logging, road construction, and water diversion projects. Evaluating current water
quality conditions related to past development and gauging the effectiveness of environmen-
tal remediation projects has been an important component of the partnership program. A
recently completed assessment of mining reclamation at Kantishna Hills in Denali National
Park and Preserve in Alaska provides an example of treatment efficacy research (Brabets and
Ourso 2013).

The Kantishna Hills is an area of low-elevation mountains in the northwestern part of
Denali National Park and Preserve. The Kantishna Hills are drained by clearwater streams
derived from rain, snowmelt, and subsurface aquifers that support several species of fish. Past
mining practices that began in 1903 and continued until 1985 generated acid mine drainage
and excessive sediment loads that negatively affected water quality and aquatic habitat. Cur-
rently the effects of mining are visible on more than 1,500 acres of land covering 12 water-
sheds in the Kantishna Hills area. Due in part to a short growing season, recovery through
natural processes is limited and several reclamation projects have been implemented on mul-
tiple streams in the Kantishna Hills region in an effort to improve degraded water quality.
Projects consisted of (1) removing hazardous materials, contaminated soils, and abandoned
equipment, and (2) reconstructing floodplain and stream channel structures to stabilize
stream banks from erosion and revegetating sites. A cooperative study between USGS and
NPS was undertaken during the years 2008-2011 in order to assess the water quality of the
Kantishna Hills’ streams and determine whether reclamation efforts have proven effective.

In 2008 and 2009, 104 macroinvertebrate taxa and 164 algae taxa were identified from
samples collected at seven different locations encompassing six different streams. Eighty-six
percent of the macroinvertebrates were insects and most of the algae consisted of diatoms. An
assessment of stream quality using biological indices (National Community Index) indicates
Rock Creek (a reference site) and Caribou Creek (a reclaimed mining stream) exhibited the
best overall stream conditions. Slate Creek and Friday Creek, two small streams that were
abandoned after extensive mining without reclamation efforts, exhibited the worst stream
conditions. This study establishes improvements to water quality and the necessity of site
reclamation following intensive mining within this sensitive environment.
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Figure 1. Tim Brabets, USGS Alaska
Water Science Center, and Larissa
Yocum, Denali National Park and

Preserve, processing a water sample.
Photo by Dan Long, USGS.

Nutrient loading impacts
Nutrient loading of aquatic systems in parks from land use development outside the park’s
boundaries can be a major resource management challenge. Excessive nutrient enrichment
can lead to eutrophication and losses of biological diversity and habitat value. Streams and
lakes located within national parks can be affected by increased nutrient inputs from sources
that include septic systems, agricultural production, atmospheric deposition, and municipal
wastewater.

An NPS-USGS partnership study was initiated to examine nutrient loading to Kabetog-
ama Lake in Voyageurs National Park, Minnesota. The southwest shore of Kabetogama Lake

Figure 2. Most of the sampling sites in the Denali National Park study were very remote and re-
quired helicopter service to access. Photo by Tim Brabets, USGS.

The George Wright Forum ¢ vol. 31 no. 2 (2014) « 193



is not part of the park and therefore is open for development. The numerous homes, cabins,
and resorts along the roughly 19 kilometers of shoreline are a potential source of nutrients.
Residential and commercial areas on Ash River, which flows into Kabetogama Lake, also are
a source of nutrients. As a result, additional development on Kabetogama Lake may cause ad-
ditional eutrophication, thereby threatening the lake’s water quality, ecology, and recreational
value. Dam operations at Kabetogama Lake were modified in 2000 to restore more natural
water dynamics and improve water quality. In particular, new rule curves were expected to
lower phosphorus loading by lessening the effects of drying and rewetting of sediments from
fluctuating water levels, reducing nutrient inputs resulting from littoral vegetation, and re-
ducing nutrient concentrations because of increased volume. Nutrient enrichment has led to
excessive algal growth in the lake. Microcystin-LR, a cyanotoxin, was detected with concen-
trations as high as 3.94 micrograms per liter (ng/L) in 2006.

The USGS and NPS partnership project evaluated nutrient, algae, and nuisance bloom
data in relation to changes in water level management of Kabetogama Lake through extensive
water quality sampling in 2008 and 2009 (Christensen, et al. 2011). The project found that
chlorophyll « concentrations have decreased, whereas total phosphorus (TP) concentrations
have not changed substantially since the beginning of water level manipulations. The study
found that the Lost Bay area of the lake is one of several that may be contributing to internal
loading of TP from lake sediments. Internal loading of TP is a concern because increased
TP may cause excessive algal growth, including that of potentially toxic cyanobacteria. Using
these analyses, park managers are able to show the benefits of lake level manipulation as well
as better understand the source of total phosphorous inputs.

Visitor use impacts

Wilderness areas in the US receive substantial use by day hikers, backpackers, and pack an-
imals (stock), with recreational visitor-use days having increased sixfold from 1965 to 1994,
when the number of visitors approached 17 million/year. NPS and others are concerned that
visitor activities in high-use areas of wilderness may be affecting natural resources, including

Figure 3. Kabetogama Lake,
Voyageurs National Park, un-
der typical conditions. Photo
by Victoria Christensen, USGS.
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Figure 4. A wilderness lake sampled in the Sequoia and Kings Canyon National Park

investigation on visitor use and water quality. Photo By David Clow, USGS.

water quality. The influence of pack animals and backpackers on water quality in wilderness
lakes and streams was evaluated in Sequoia and Kings Canyon National Parks (Clow et al.
2013) and a similar study was begun in Yosemite National Park in 2013. The studies includ-
ed a synoptic survey of water quality in park wilderness areas, paired water quality sampling
in areas with differing types of visitor use, and intensive monitoring using in-stream sensors
to examine temporal variations in water quality. Sites are characterized based on minimal use,
use by backpackers only, and mixed backpacker and stock use.

Results indicate that water downstream of mixed-use areas had higher concentrations
of some constituents examined (including particulate phosphorus and E. colt), while back-
packer only locations were minimally influenced by use when compared to upstream values.
Opverall, results from this study indicated water quality in the backcountry streams exam-
ined was generally good, except during rain events when pollutants are washed into adja-
cent waterways. Visitor use appears to have a small, but statistically significant influence on
streamwater quality. Additional USGS-NPS partnership studies in other parks are currently
underway to better understand the relationships between specific visitor use activities and
water quality impacts.

Contaminants of emerging concern

Pharmaceutical compounds and personal care product residuals have been identified as con-
taminants of emerging concern that can bioaccumulate and adversely affect physiological
processes in fish and other sensitive aquatic biota. USGS and NPS conducted a reconnais-
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sance study at Lake Mead National Recreation Area, Nevada, to investigate the occurrence
of pharmaceutical compounds in water samples collected from the lake and from Las Vegas
Wash, which receives treated wastewater from the Las Vegas metropolitan area and flows
into the lake (Boyd and Furlong 2002). The most frequently detected compounds in wa-
ter samples from Las Vegas Wash included caffeine, carbamazepine (used to treat epilepsy),
cotinine (a metabolite of nicotine), and a metabolite of the antianginal drug nifedipine. Less
frequently detected compounds included several antibiotics, acetaminophen, and codeine,
among others.

Fewer compounds were detected in samples collected from Lake Mead than from Las
Vegas Wash. Caffeine was detected in all samples collected from Lake Mead. Other com-
pounds detected in samples collected from Lake Mead were acetaminophen, carbamazepine,
cotinine, 1,7-dimethylxanthine (a caffeine metabolite), and sulfamethoxazole (an antibiotic).
Additional research related to this effort has been synthesized in a report on science and
management of Lakes Mead and Mohave (Rosen et al. 2012). Documentation of emerging
contaminants has helped NPS develop a productive partnership with the city of Las Vegas
and the Southern Nevada Water Authority, which are working to reduce the occurrence of
these compounds.

Conclusion

The water quality partnership program funds USGS-led scientific studies that would be oth-
erwise limited or unavailable at the park level. Identification of research and investigation
needs by NPS resource managers and a rigorous proposal and study plan review process
ensures that priority NPS water quality issues are addressed by USGS scientists. The water
quality partnership program exemplifies the ability of federal agencies to work together in
order to efficiently and effectively manage the nation’s valuable resources.

Since 1998, the water quality partnership program has enabled the NPS to make in-
formed management decisions based on USGS-supported data analyses and interpretations.
The partnership promotes the interaction of park staff with USGS scientists and creates
long-standing relationships for continued science-based resource management. This pro-
gram continues to produce high-quality, cost-effective products that are used to make de-
fensible decisions regarding water resource protection so that this critical resource can be
enjoyed by current and future generations.
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Synthesis of Thirty Years of Surface Water Quality
and Aquatic Biota Data in Shenandoah National
Park: Collaboration between the US Geological
Survey and the National Park Service

Karen C. Rice, John D. Jastram, John E.B. Wofford, and James P. Schaberl

THE EASTERN UNITED STATES HAS BEEN THE RECIPIENT of acidic atmospheric deposition (here-
inafter, “acid rain”) for many decades. Deleterious effects of acid rain on natural resources
have been well documented for surface water (e.g., Likens et al. 1996; Stoddard et al. 2001),
soils (Bailey et al. 2005), forest health (Long et al. 2009), and habitat suitability for stream
biota (Baker et al. 1993). Shenandoah National Park (SNP) is located in northern and central
Virginia and consists of a long, narrow strip of land straddling the Blue Ridge Mountains
(Figure 1). The park’s elevated topography and location downwind of the Ohio River valley,
where many acidic emissions to the atmosphere are generated (NSTC 2005), have made it a
target for acid rain. Characterizing the link between air quality and water quality as related to
acid rain, contaminants, soil conditions, and forest health is a high priority for research and
monitoring in SNP. The US Geological Survey (USGS) and SNP have had a long history
of collaboration on documenting acid rain effects on the park’s natural resources, starting
in 1985 and continuing to the present (Lynch and Dise 1985; Rice et al. 2001, 2004, 2005,
2007; Deviney et al. 2006, 2012; Jastram et al. 2013).

Acidification is both a chronic and an acute stressor that triggered the need for water
quality monitoring and research in the late 1970s. Shenandoah National Park natural re-
source managers showed abundant foresight by implementing an aquatic biota monitoring
program well before the park became a National Park Service prototype inventory and mon-
itoring park in the early 1990s (Davis et al. 1995). As a result of these early and continued
monitoring efforts, a combined record of over three decades of data on water quality and
biota in SNP cold-water riverine systems exists.

Water resource data-collection efforts in SNP have been conducted by many different
groups to satisfy a wide range of objectives. The majority of the data, however, were collected
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Figure 1. Map showing location of Shenandoah National Park in Virginia and
simplified geology of the park.

as part of three efforts: (1) the Shenandoah Watershed Study (SWAS), a partnership led by
the University of Virginia (http://people.virginia.edu/~swas/POST [scripts/overview.php),
has monitored water quality in SNP since 1979; (2) SNP’s Vital Signs Program (Olson et al.
2010), formerly known as the Long Term Ecological Monitoring Program, with independent
efforts in fish monitoring (starting in 1982) and macroinvertebrates (starting in 1986); and
(3) the Springs and Headwater Streams Study, conducted from 2007 to 2010 (Snyder et al.
2013), which identified the physical, chemical, and biological characteristics of headwater
streams and small springs in SNP. Although the objectives of these efforts differed, the com-
mon element that unites the three 1s SNP water resources; therefore, some of the same water
quality parameters were collected for each effort. For example, all three efforts measured wa-
ter temperature, pH, and specific conductance for each sample, in addition to the collection
of other data specific to the effort’s objectives.

Inconsistent overlap among the three data-collection efforts described above resulted in
spatially and temporally disparate data. Combination of disparate datasets containing com-
mon characteristics can result in a unified database that often supports broad and powerful
data analyses. Starting in 2010, USGS and SNP undertook a study to combine the three
datasets into a comprehensive water resources database. The objective of the study was to
integrate, analyze, and interpret the data in the three datasets in order to provide SNP natural
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resource managers with information about current water resource monitoring gaps, trends in
conditions, adequacy of the monitoring programs, and relations between aquatic fauna and
streamwater chemistry.

The combined database, created in the NPSTORET framework, contains nearly 1.3
million measurements of stream habitat characteristics, approximately 442,000 measure-
ments of water quality characteristics, and over 438,000 measurements of biological taxa,
including fish and aquatic macroinvertebrates. The data were collected across 673 sites over
a period of more than 30 years. After compilation, the database was used to support evalu-
ations of spatial patterns and temporal trends in the available data, and characterization of
those data to better understand interrelations among water quality, aquatic macroinverte-
brates, fish, and the landscape. Highlights of the results are reported here, and full results of
the study can be found in Jastram et al. (2013).

The geology of SNP is easily simplified into three major bedrock types, which include
basaltic, granitic, and siliciclastic (Figure 1). Each bedrock type represents about one-third
of the area within the park. Streams with watersheds underlain by these bedrock types dif-
fer in their ability to neutralize acidic inputs, as measured by the acid-neutralizing capacity
(ANC) of the water. This strong geologic control on streamwater chemistry was noted long
ago for the Blue Ridge Mountains of Maryland (Bricker and Rice 1989) and within SNP in
particular (Cosby et al. 2006; Deviney et al. 2006; Rice et al. 2007). Because geology serves
as a master variable with regard to streamwater chemistry, many of the results of the study
can be summarized on the basis of the three bedrock types. Results of the assessment can
be reported as both status and trend. Status of a particular metric generally reflects a spatial
pattern on the landscape, here defined largely by geology, whereas trend reflects change in
a metric over time. The results summarized here (Table 1) on the basis of bedrock type are
broad generalizations and many details have been omitted; for such details, the reader is
referred to Jastram et al. (2013).

Assessment of the status of the basaltic watersheds, which are the best buffered against
acid rain, indicates relatively good measures of water quality as well as healthy communities
of macroinvertebrates. These watershed types also have moderately high measures of fish
species richness (most fish species found in the park are native) and brook trout abundance.
Similarly, the granitic watersheds, which are intermediate between basaltic and siliciclastic
in their ability to neutralize acidic inputs, also have relatively good water quality, the highest
aquatic macroinvertebrate metrics, and intermediate measures of fish species richness and
brook trout abundance. In contrast, the siliciclastic watersheds, which have the lowest ability
to buffer against acid rain, have the lowest streamwater quality, the lowest measures of healthy
community of aquatic macroinvertebrates, the lowest fish species richness, and relatively low
measures of brook trout abundance. It is important to note that these quality designations
are relative to comparisons within the park boundary; therefore, a designation of “degraded”
for within-park resources may actually reflect “high quality” when compared with streams
located outside of SNP.

Trends in ecosystem measures of health across the park were mixed. Air quality within
the region generally has been improving since the Clean Air Act, passed in 1970, and the
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1Streamwater quality was summarized by combining ANC and sulfate concentrations and trends.

High/fincreasing ANC and low/decreasing sulfate indicate high ranking andjor improving trends;

low/decreasing ANC and highfincreasing sulfate indicate low ranking and/or degrading trends.
Table 1. Summary of status quality ranking and trend results of the ecosystem health assessment by
Jastram et al. (2013) on the basis of bedrock type. The 20-year and 14-year trends mentioned in
the table both ended in 2009. AM = aquatic macroinvertebrate; ANC = acid-neutralizing capacity.

Clean Air Act Amendments, passed in 1990, went into effect, causing a decrease in acid
rain (Burns et al. 2011). As such, one might expect that water quality trends, and associated
trends in aquatic ecosystem health, would respond accordingly across the park. Most often,
however, an ecosystem’s recovery path is not a simple reversal of the degradation path. Ba-
saltic watersheds had improving streamwater quality, with associated improvement in fish
species richness as well as improvements in some macroinvertebrate metrics, though the
overall pattern indicated degrading conditions in macroinvertebrate communities in these
watersheds. Trends in brook trout abundance in basaltic watersheds were mixed and large-
ly site dependent. Streams draining granitic watersheds showed improving or degrading
streamwater quality, overall degrading trends in macroinvertebrate health despite stability in
some metrics, improvement in fish species richness, and predominantly improving trends in
brook trout abundance. The siliciclastic watersheds showed continued degrading trends in
streamwater quality, continued declines in already degraded macroinvertebrate communities,
stable trends in fish species richness, and surprisingly, improving trends in brook trout abun-
dance. In general, the trend data reflect a pattern whereby the ecological health of streams
currently degraded by acid rain are continuing to degrade, whereas streams more resilient
to the effects of acid rain are either stable or are showing improvements in water quality and
aquatic ecosystem health.

Additional analyses of the combined data indicated that some changes to aquatic ecosys-
tems were occurring parkwide and were independent of underlying geology. For example, an
unexpected result of the analysis of the combined data was the finding that temperatures in
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numerous SNP streams are increasing and seem to be related to increases in air temperature.
One stream, White Oak Run, with a 30-year record of temperature data, had a small but
statistically significant increase in annual mean, median, and maximum water temperature
for the period ending in 2009. Most sites had shorter periods of data collection, but many
sites with water temperature data collected for more than 10 years showed increasing trends
in annual mean, median, and maximum water temperature values. Many macroinvertebrate
metrics that showed changes parkwide (i.e., independent of geology) indicated a parkwide
decline in ecosystem condition, and the data suggest that this might be a result of increas-
ing water temperatures. Although brook trout population growth was generally stable park-
wide, it is possible that additional increases in water temperature will cause thresholds to be
crossed that would negatively affect cold-water fish communities.

SNP is one of a very few national park units that has such an extensive and long-term
set of environmental data. These data span over 30 years and cover almost 40% of the park’s
history. Long-term monitoring programs can be difficult to implement because their value
must be recognized up-front and on a recurring basis, even when the data may not appear to
be tremendously useful over short time frames. The successful collaboration between USGS
and NPS resulted in an unprecedented ability to interpret this wealth of data, answering
questions about status and spatial and temporal trends in streamwater quality, aquatic mac-
roinvertebrate assemblages, fish species distributions and richness, and their interactions
with environmental factors. In addition, the collaboration resulted in the creation of a master
database for aquatic data collected in the park. As the database is kept current with new
information, it will facilitate other broad analyses and similar synthesis and trends work in
the future. Most notably, the collaboration and resulting analysis highlight the importance of
long-term environmental monitoring, particularly in a national park, where natural resources
are mandated to remain unimpaired for current and future generations.
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Collaborative Socioeconomic Tool Development to
Address Management and Planning Needs

Leslie Richardson, Chris Huber, Cathy Thomas, Liz Donovan, and Lynne Koont:

Introduction

PUBLIC LANDS AND RESOURCES MANAGED BY THE NATIONAL PARK SERVICE (NPS) and other land
management agencies provide a wide range of social and economic benefits to both nearby
local communities and society as a whole, ranging from job creation, to access to unique
recreational opportunities, to subsistence and tribal uses of the land. Over the years, there
has been an increased need to identify and analyze the socioeconomic effects of the public’s
use of NPS lands and resources, and the wide range of NPS land management decisions.
This need stems from laws such as the National Environmental Policy Act (NEPA), increased
litigation and appeals on NPS management decisions, as well as an overall need to demonstrate
how parks benefit communities and the American public. To address these needs, the US
Geological Survey (USGS) and NPS have an ongoing partnership to collaboratively develop
socioeconomic tools to support planning needs and resource management. This article
discusses two such tools. The first, Assessing Socioeconomic Planning Needs (ASPN), was
developed to help NPS planners and managers identify key social and economic issues that
can arise as a result of land management actions. The second tool, the Visitor Spending Effects
(VSE) model, provides a specific example of a type of analysis that may be recommended by
ASPN. The remainder of this article discusses the development, main features, and plans for
future versions and applications of both ASPN and the VSE.

Tool #1: Assessing Socioeconomic Planning Needs

Evaluating the overall social and economic effects ofland management actions continues to be
an essential component of the decision-making process, and the consideration of these effects
is discussed in several agency planning documents (for instance, US Forest Service 1985;
Machlis 1996; Bureau of Land Management 2005). However, there is a lack of a consistent
framework both within and across agencies regarding how to comprehensively identify social
and economic impacts, and many planners, managers, and field staff lack exposure to the
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variety of social and economic methods that can be used to analyze them. Further, agencies
often have limited planning budgets and time frames to conduct such analyses, requiring a
prioritization of the most pressing issues. To help build capacity for socioeconomic analyses
and expand on training and education for planners across agencies, social scientists at the
USGS partnered with NPS, the US Forest Service (USFS), the Bureau of Land Management
(BLM), the US Fish and Wildlife Service (USFWS), and USGS information technology
specialists to develop ASPN. A web-based decision-support tool, ASPN provides a consistent
framework that assists land management agencies in the identification and prioritization of
pertinent social and economic issues to address in their planning processes, and provides
guidance on appropriate social and economic methods to address their identified issues,
tailored to best meet the needs of the specific plan or project.

The development of ASPN first required the identification of a comprehensive set of
social and economic impacts to various stakeholder groups that could result from the wide
range of management actions taken by NPS and other land management agencies. These
were identified through reviewing agency social and economic regulations, training materials,
Environmental Impact Statement documents, as well as through a comprehensive review
of the available social and economic analysis documents and guidance used in the US and
internationally (for instance, Clark et al. 1998; US Department of the Interior 2001a,2001b;
Bright et al. 2003; Millennium Ecosystem Assessment 2003; Bureau of Land Management
2004; Audit Commission 2005; The World Bank 2005; Erikstad et al. 2008; Allen et al.
2009). The set of possible impacts was reviewed and refined by a group of economic and
social science experts comprising agency personnel, university researchers, and others with
expertise in these disciplines. Next, a comprehensive review of economic and social analysis
methods was conducted, based on both the applicability to land management planning as
well as scientific integrity. Initial reviews by the group of experts helped refine the methods,
pair them with different intensity levels of analysis, and calculate the time and cost of methods
based on their experience in contracting out similar analyses or conducting the analyses
themselves. Additional reviews by outside experts were conducted to further ensure the
scientific integrity of the suggested methods and accuracy of time and cost estimates. USGS
scientists then worked closely with USGS information technology specialists to finalize the
web component and add additional features to the tool, including a mapping component,
various sources of demographic and economic data, and links to online social and economic
planning references. The tool was pilot-tested with agency planners and additional feedback
from these field tests was incorporated into the program.

The result of this highly collaborative and iterative process is a web-based tool that
assists agencles In identifying and prioritizing social and economic planning issues, and
provides guidance on appropriate social and economic methods to address their identified
issues. ASPN is designed to provide a consistent framework for natural resource managers
and planners to begin to evaluate the socioeconomic effects of management actions on public
lands. Its development was driven by NPS and other agency partners, resulting in a product
that reflects the needs of all partners. Specifically, ASPN is designed to:
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1. Provide demographic and economic data reports for the counties and states within an
agency’s specified planning area;

2. Help decision-makers identify stakeholder groups that may be impacted by a specific
land management action;

3. Help decision-makers identify and prioritize the social and economic issues that may
need to be addressed given a specific land management action; and
4. Highlight the range of applicable social and economic methods and analyses that are

available to address these issues.

ASPN steps. The specific steps of ASPN are illustrated in Figure 1. Once users log
into the program, they are prompted to create an assessment, which is made up of one or
more analyses that start the user through the series of the program. These are flexible and
determined by the user, but could represent one alternative in the planning process, various
stages of the planning process (pre-scoping, post-scoping, etc.), or one specific action. For
instance, an NPS planner may be interested in identifying and prioritizing the social and
economic issues associated with the development of new campgrounds in Rocky Mountain
National Park.

The user is then asked to specify the physical land unit that the management action is
occurring on, for example, Rocky Mountain National Park. ASPN contains geospatial land
unit data for NPS, USFS, BLM, and USFWS. A map illustrates the specified land unit in red
(Figure 2). The user is then asked to select a geographic extent of interest, which entails one
of three choices: counties that intersect the federal land unit’s borders (shown in yellow in
Figure 2), counties that intersect a buffer area 60 miles beyond the federal land unit’s borders
(shown in gray in Figure 2), or counties that intersect a buffer area 120 miles beyond the
federal land unit’s borders (shown in orange in Figure 2). This decision drives the results

Figure 1. Series of steps in the ASPN tool.
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Figure 2. ASPN geographic extent map, using Rocky Mountain National Park as an example.

of the first page of output, referred to as the data profile, which produces demographic and
economic data reports for each of the counties and states included in the specified geographic
extent.

The user is then asked to identify whether six distinct stakeholder groups could
be directly or indirectly affected by the management action of interest. These include:
community/community residents, interest-based groups/place-based groups/general public,
visitors, commercial users, traditional/subsistence users, and tribes.

Definitions of each stakeholder group, including an explanation of why they might be
important to consider, is provided. The user is then presented with a series of questions
assoclated with each group, which prompts them to think through and identify the full
range of possible economic and social effects of the management action. There are a total of
sixty-two questions across the six stakeholder groups, many of which contain several follow-
up questions. Each question is associated with a particular issue category, such as access
and resource use, demographics, the local economy, infrastructure, health, tribal uses, and
values and perceptions. For each of these questions, the user is prompted to identify the
level of intensity, categorized as “low,” “medium,” or “high.” Suggested guidance for each
intensity level is provided. For instance, a high-intensity issue may be one that is contentious
on a local, regional, or national level; highly visible; or involves a significant change in
management actions that may impose concentrated impacts on a single entity or stakeholder
group. Although some guidance is offered, the selection of intensity level is still somewhat
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subjective on the part of the user. This process of identifying impacted stakeholder groups
and walking through a series of questions for each in order to identify the full spectrum of
potential social and economic impacts is referred to as the ussue analysis in ASPN. Agency
planners and managers can use this list of questions to communicate to other members of a
planning team or other agency partners how the social and economic issues associated with
the management action were identified.

Next, the user is presented with a summary output report, consisting of a series of
summary output tables aimed at helping the user prioritize the social and economic issues
that may need to be addressed given a particular management action. ASPN also produces a
detailed output report, which provides a set of recommended economic and social methods
to address each individual question identified as being important in the issue analysis. For
each method, definitions, benefits, and limitations are provided, along with cost and time
estimates. The level of intensity of each issue serves to connect that issue to an appropriate
method of analysis. For instance, a low-intensity issue may be adequately addressed with a
literature review or method based on the use of existing data, whereas a high-intensity issue
is more likely to require primary data collection through surveys, focus groups, etc. This is
the type of information provided in ASPN’s detailed output report.

Use of ASPN within NPS. The APSN website was launched in April 2014 and is
available to all NPS personnel and contractors. The NPS Social Science Branch will be
initiating a series of ASPN presentations and webinars to inform and provide assistance to
all potential NPS users. It is anticipated that ASPN will provide a valuable starting point
for a broad range of NPS users, including decision-makers, on-the-ground managers, and
planners. However, it is important to note that while ASPN is meant to inform NPS managers
and planners about the social and economic effects of a management action, it is not designed
to replace the need for consultation with both internal and external experts in these fields.
Additionally, there are specific legal requirements that must be met throughout the decision
making process to ensure compliance with NEPA; ASPN does not serve as a replacement
for these legal obligations. In most cases, the user will need to consult with social science or
economic experts in the NPS Social Science Branch prior to or during the ASPN analysis
and afterward to complete the recommended methods of evaluation.

Following the release of the first version in April 2014, it is anticipated that future
versions will be developed, which will extend ASPN’s functionality and incorporate feature
improvements identified in ongoing usability testing with NPS personnel. For instance,
several users have expressed interest in incorporating the ability for users to identify a custom
set of counties or upload their own shape files in ASPN’s geographic extent. This is especially
useful when evaluating the potential social and economic effects associated with a new land
unit. Additional features of interest include various project management components that
could help the user identify a realistic work plan for the social and economic analyses, given
time and budget constraints. Regardless of the specific features added to future versions of
ASPN, it is clear that the collaborative nature involved in their development will be essential
to ensuring that the tool continues to serve the evolving needs of NPS.
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Tool #2: Visitor Spending Effects model

While the collaborative ASPN tool was developed to address the broad range of socioeconomic
issues that NPS needs to consider, USGS and NPS are also collaborating on tools to address
specific socioeconomic analyses. One example is the development of the VSE model, which
specifically addresses the economic effects on local gateway communities of NPS visitor
spending. Lands managed by NPS serve as recreational destinations for visitors from across
the nation and around the world. On multi-day vacations or on day trips, visitors spend
time and money in the gateway communities surrounding NPS sites, and these expenditures
generate and support economic activity. NPS requires park-level estimates of the effects of
visitor spending on local, state, and national economies as key indicators of how parks benefit
communities and the American public through visitation. Quantifying these economic effects
is essential for multiple planning, management, budget formulation, policy analysis, and
public outreach needs, including;:

¢ Informing policy questions and management scenarios that may affect a park’s visita-
tion;

*  Highlighting returns on investments from federal budget appropriations, and framing
the economic importance of park units to park managers, policy-makers, and local gov-
ernment officials; and

*  Educating the public on the importance of park visitation, and the ramifications of
changes to it due to policy or management decisions.

In 2013, NPS initiated a new collaborative partnership with economists at USGS to
develop an improved modeling system to measure how NPS visitor spending cycles through
local economies, generating business sales and supporting jobs and income. This resulted
in the VSE model, which represents a major revision from previous analyses and establishes
the framework for the NPS annual systemwide visitor spending effects report. Many of the
hallmarks of the former Money Generation Model (MGM2) are preserved, but the new VSE
model makes significant strides in the accuracy and transparency of the analysis. The first
annual report using the new VSE model estimated the 2012 economic effects associated
with visitor spending at 369 national park units that report visitation (Cullinane Thomas et
al. 2014).

In developing the VSE framework, three key pieces of information were required to
estimate the economic effects of NPS visitor spending: the number of visitors who visit each
park, visitor spending patterns in local gateway regions, and regional economic multipliers
that describe the ripple effects of visitor spending in local economies. Visitation source data
were derived from a variety of efforts by the NPS Social Science Program. The NPS Visitor
Use Statistics Office supplied the detailed 2012 park-level visitation data (Street 2013).
Spending patterns were derived from survey data collected as part of the NPS Visitor Survey
Project (VSP). Spending data for 56 parks surveyed between 2003 and 2012 were used to
represent spending patterns at those parks. Non-surveyed parks were classified into four
types: those that have both camping and lodging available within the park, those that have
only camping available within the park, those with no overnight stays, and those with high
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day use (including national recreation areas, national seashores, and national lakeshores).
Generic spending profiles for each of these were developed using data from the 56 surveyed
parks. A number of parks were not well represented by the four types constructed using the
VSP survey data. For these parks, profiles were constructed using the best available data.
Spending and visitation information were then used in conjunction with IMPLAN input-
output models to estimate the economic effects at four scales: local,! state, regional, and
national.

Key findings from the 2012 VSE analysis include:

* In 2012, nearly 283 million national park visitors spent $14.7 billion in gateway
communities.

*  The ripple effect of visitor spending supported 243,000 jobs in the US economy, more
than 200,000 of which are found in gateway communities.

*  Visitor spending also provided a $26.75 billion benefit to the overall US economy,
including an $18.2 billion benefit to local gateway communities.

*  These effects represent a $10 return for every $1 America’s taxpayers invest in the
National Park Service.

*  Most visitor spending supports jobs in restaurants (35%); hotels, motels, and bed-and-
breakfasts (B&Bs) (27%); and other amusement and recreation industries (20%).

Continuous improvement and increased rigor for data inputs to the VSE model will be a
significant focus for this USGS-NPS collaborative effort into the future. Notably, an effort is
underway to establish an NPS socioeconomic monitoring program that will sample park units
on a more representative basis. The primary goal of the program is to better understand and
represent how visitors enjoy and value our national park system. Socioeconomic monitoring
efforts will result in a gain in usable socioeconomic data that will be directly applicable to the
VSE model, including additional data on visitor spending and on a variety of demographic
and trip characteristics variables that are important inputs to the model.

Example of the NPS application of VSE results. The usefulness and flexibility of the
VSE model as a USGS-NPS collaborative tool can be extended to a number of situations
where the economic effects from changes to park visitation could evaluate various policy
questions, management scenarios, and unexpected changes to park visitation due to factors
outside the control of NPS. A recent example of using the VSE outside of its original,
intended development is the NPS analysis of the changes in visitor spending as a result of the
sixteen-day federal government shutdown during the period October 1-16, 2013 (Koontz
and Meldrum 2014). The government shutdown had significant effects on NPS visitation
levels, and resulted in forgone spending in gateway communities across the country. To
estimate changes in visitor spending, Koontz and Meldrum (2014) compared the visitor
spending averages from each park as they were calculated in the 2012 VSE report (Cullinane
Thomas et al. 2014) with the three-year average of October visitation from the NPS Visitor
Use Statistics Office.? This study found that with 7.88 million fewer visitors in October
2013 compared with average October visitation, gateway communities across the country
lost a total of $414 million in visitor spending. Also estimated were the changes in visitor
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spending for the 14 parks that remained open during the federal government shutdown due
to NPS agreements with the respective state governments to fund operations. These results
showed that every dollar spent by state governments to maintain park operations resulted in
an estimated $10 in visitor spending.

Conclusions

The collaborative USGS-NPS development of the ASPN and VSE tools provides the
necessary framework to help answer a wide range of policy questions and evaluate various
management scenarios that can have both social and economic impacts to communities,
visitors, and the general public. ASPN was designed to improve guidance and training across
federal land management agencies, based on their expressed need for more capacity in the
realm of socioeconomics. It provides users with the ability to identify important social and
economic issues as well as guidance on selecting appropriate economic and social methods
to analyze identified issues.

Analyses using the VSE model serve as example applications of a type of analysis
ASPN might recommend. In addition to the annual systemwide VSE reports that will be
collaboratively conducted by USGS and NPS each year, the flexibility of the VSE model
allows it to be extended to a number of situations where information about the economic
effects of anticipated or real changes in park visitation can help inform policy and park
management. For example, the model was modified to estimate changes in visitor spending
due to the shutdown of the federal government that occurred in October 2013. In the future,
the model can be further modified to evaluate other scenarios that may affect visitation to
NPS-managed lands, such as natural and human-caused disasters. For instance, flooding in
Colorado during 2013 resulted in the closing of major roads leading to Rocky Mountain
National Park, which negatively impacted park visitation. Another example is a recent oil
spill in Galveston Bay, Texas, that has the possibility of negatively impacting visitation to
Padre Island National Seashore. For both of these scenarios, the VSE model could be used
to estimate the economic effects of forgone spending on local, state, and national economies.

Overall, identifying and evaluating the social and economic effects of actions taken on
public lands continues to represent an important component of the planning process. The
collaboration between USGS and NPS continues to foster the development of tools to assist
land managers and planners in addressing these important issues.

Endnotes

1. The local level includes the counties comprising the local gateway region around
each park. The USGS used geographic information system (GIS) data to define the
local gateway region for each park unit by spatially identifying all counties partially or
completely contained within a 60-mile radius around each park boundary.

2. The Consumer Price Index inflation calculator (Bureau of Labor Statistics 2013) was
used to adjust the 2012 spending estimates to 2013 dollars for the Koontz and Meldrum
(2014) study.
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Park Break: Collaborative Opportunity Established
for Graduate Students

Robin P. White, John Donahue, and Debbie O’Leary

Introduction
AMONG THE MANY TOPICS DISCUSSED during the 2007-2008 George Wright Society (GWS)
board meetings was the subject of how to inspire graduate students seeking careers in science
and natural resource management to consider the Department of Interior (DOI) in general,
and the National Park Service (NPS) and the US Geological Survey (USGS) in particular,
as good options for future employment. Board members participating in these discussions
included Suzette Kimball, now acting director of USGS, and Gillian Bowser, now a research
scientist with Colorado State University, who envisioned a program that would offer an alter-
native to the break from classes that universities typically offer students in early spring.
Since those initial discussions among the GWS board members, Park Break sessions
have been held in eleven different NPS sites across the country. Each session has sponsored
six to eight graduate students in various stages of their university programs for a week-long
seminar focused on a specific theme relevant to the host park, such as conservation policy
and climate change. Sessions have varied in format but all generally have been composed of a
week of field and classroom activity with participation from local, state, and national experts.

History

The vision for Park Break was to offer graduate students an on-site experience in a national
park where they would work with scientists and managers on real-life issues. The program
would follow the DOI’s Diversity and Inclusion Strategic Plan directives “to recruit and hire
exceptional individuals from every background and every community” and encourage stu-
dents of diverse backgrounds to apply (DOI Diversity & Inclusion Strategic Plan, March
2012, http://www.doi.gov/pmb/eeo/workforce-diversity.cfm).! Thus Park Break evolved as a
unique cooperative venture pursued by GWS, NPS and USGS, presenting graduate students
from all backgrounds with an unconventional opportunity for spring break activities in the
form of a week-long, all-expenses-paid seminar in a national park. The students would be
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exposed to land and resource management issues of ongoing concern with the ultimate goal
of encouraging them to pursue careers within DOIL.

In 2008, the first year of the program, Park Break sessions were held in four national
parks in the eastern United States: Acadia National Park (ME); Delaware Water Gap National
Recreation Area (PA and NJ); Gateway National Recreation Area (NY); and Indiana Dunes
National Lakeshore (IN) (Table 1). While no set program was followed by all four parks, each
park identified a specific theme to focus on for the week tailored its particular management
concerns. Topics ranged from science and policy questions to the examination of interactions
between the parks and their surrounding communities. The timing of the session was up to
each park, but an emphasis was placed on trying to synchronize with the week-long recess
scheduled in March by many universities in the United States.

After the initial year of the program, three sessions were held in 2009, two in 2010, two
in 2012 and two in 2014. USGS originally provided three years of funding for the program,
with total funding per year ranging from $15,000 to $45,000 per year. Funds and in-kind ser-
vices were provided by each of the parks sponsoring a Park Break session and from GWS for
advertising, evaluating applications, and coordinating session planning. Additional partners
contributed funds and in-kind services and included Colorado State University, Geological
Society of America, Student Conservation Association, and Texas A&M University.

In 2012, in addition to USGS funding a science-oriented Park Break session, NPS spon-
sored a session focused on cultural resources at Boston African American National Historic
Site, Boston National Historical Park, and Lowell National Historical Park (MA). A similar
schedule was agreed to for 2014, where USGS funded a science-focused seminar in Saguaro
National Park (AZ) while NPS funded a week focused on cultural resources at Keweenaw
National Historical Park (MI).2

Park Break sessions have been held most regularly at one park, Delaware Water Gap Na-
tional Recreation Area (DWGNRA) in 2008, 2009, 2010 and 2012. The theme of the pro-

Table 1. Park Break sessions, 2008-2014.

Site Date Theme

Acadia National Park (ME) 2008 Civic Engagement

Delaware Water Gap National Recreation 2008, 2009, Conservation Policy

Area (PA, N]) 2010, 2012

Gateway National Recreation Area (NY) 2008 Global Climate Change

Indiana Dunes National Lakeshore (IN) 2008 Wildland-Urban Interface

Great Sand Dunes National Park and 2009, 2010 Climate Change and Sustainability
Preserve (CO)

Fort Vancouver National Historic Site [ 2009 Natural Hazards

Mount Rainier National Park / Olympic
National Park (WA)

Boston African American National Historic | 2012 Cultural Resources Management
Site | Boston National Historical Park |
Lowell National Historical Park (MA)
Saguaro National Park (AZ) 2014 Hydrogeology

Keweenaw National Historical Park (MI) 2014 Archaeology and Cultural Resources
Management

216 * The George Wright Forum ¢ vol. 31 no. 2 (2014)



gram at DWGNRA has remained the same over the years, focusing on conservation policy,
but the week’s activities evolved with the goal of increasing both teamwork among the partic-
ipating students and involvement with investigation of a real-life problem being faced by the
park. A more detailed look at specific changes in the DWGNRA program is covered below.

Program development

In meeting one of the primary goals of Park Break—enabling graduate students to experience
first-hand the challenges facing managers and scientists working in the host park—we have
developed a set of general guidelines outlining typical events and activities to schedule for the
week. By following these guidelines, our hope is that the students will be engaged in discus-
sions with scientists, park managers, administrators, government representatives, naturalists,
and other professionals, and will be exposed to the complexity of science and management
issues from multiple perspectives. The Park Break program then becomes a unique experi-
ence, offering a week-long immersion in scientific and intellectual inquiry specifically related
to land and resource management.

Assigned science project. A project relevant to current science and resource manage-
ment issues affecting the park is assigned for the students to focus on during the week. Ma-
terial is sent to students in advance of the session. Guidance is provided during the week on
project objectives, methods, analysis, formal presentation, and final report.

Interactive sessions with park personnel. Interactions with personnel from the national
park unit, including the superintendent, division chiefs, scientists and resource managers
give the students multiple perspectives on day-to-day activities of DOI employees.

Coordination with local USGS science centers. Coordination with one or more nearby
USGS science centers in discussing the assigned project as well as interaction with scientists
currently working in the park exposes the students to specific research questions and ongo-
ing fieldwork that provides information for management decisions.

Interactive presentations from local officials. Presentations by local nongovernmental
organizations, elected officials, and personnel from other parks provide yet another perspec-
tive on issues facing the park, local politics, and current and historical conservation topics
that are important to surrounding communities.

Final presentation. A presentation by the students on the last day of the session address-
ing the assigned project ensures that the students work as a team during the week, provide
proposed solutions for discussion, and receive feedback from the session coordinators.

Final papers. A final report by the students based on the week-long work, to be sub-
mitted within a month after the session, helps the students reflect on their experience and
can lead to a publication for the Park Break Perspectives series posted on the GWS website
(http://www.georgewright.org/perspectives).

Case study: Delaware Water Gap National Recreation Area

DWGNRA is a 27,000-ha (67,000-ac) park established in 1978 along a section of the Dela-
ware River in New Jersey and Pennsylvania. The park is unique in being close to major urban
centers in New York and New Jersey but still providing a place with high waterfalls, hemlock
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ravines with rhododendrons, ridge tops with prickly pear cactus, the Middle Delaware river
as a national scenic river, and wildlife populations of black bears, timber rattlesnakes, and
bald eagles.

As one of the original parks selected to sponsor a Park Break session, and as the park
which has now sponsored the most sessions in this program, DWGNRA staff viewed Park
Break as an opportunity to prepare the next generation of professionals that would have re-
sponsibilities in park management and land stewardship. Author and DWGNRA Park Su-
perintendent John Donahue recalls that “in the time it took Dr. Gillian Bowser and me to
ride down an escalator at a George Wright Society Conference, we had agreed on the basic
concept that would become the first Park Break at Delaware Water Gap.”

In the first year of the program at DWGNRA, the sessions focused on local, national,
and international conservation policy. Destry Jarvis, former special assistant to the director
of NPS, highlighted the history of conservation in the United States, and was able to add the
kind of personal, inside stories about important events and figures in the 19th- and 20th-cen-
tury conservation movements that fascinate idealistic young people. Former assistant sec-
retary of interior for fish, wildlife, and parks, Don Barry, highlighted important figures that
had demonstrated the courage of their convictions at great personal sacrifice and were able
to make a real difference through their efforts. Suzette Kimball, current acting director of
USGS, provided her perspectives on the importance of science-based decisions in park man-
agement, and Bill Werkheiser, current acting deputy director of USGS, offered the students a
comprehensive view of the science efforts within all of the agency’s mission areas as well as a
discussion on finding employment within DOL.

Nancy Shukaitis, a writer and former elected official, shared with the class how she first
became involved in conservation because of her outrage with the plans to dam the Delaware
River. Her tales of evolving from homemaker to Supreme Court litigant and stopping the
proposed dam impressed upon the students the difference that one person can make in the
development of a protected area. Panels also included local township planners and supervi-
sors along with conservation district officials and environmental education experts sharing
their experiences and approaches to issues facing the park and surrounding residential com-
munities.

The fact that the meetings took place in Grey Towers National Historic Site, the ances-
tral home of US Forest Service founder Gifford Pinchot, added to the overwhelming sense of
responsibility for stewardship that was conveyed in many of the discussions. Learning and
engaging in discourse in the same rooms where Pinchot entertained intellectual and environ-
mental giants of his time helped to make the experience all the more memorable.

As the program for Park Break at DWGNRA evolved, an on-site project was added to
the week’s activities. The first project centered on developing a proposal for establishing a
national scenic byway for US Route 209, a highway running parallel to the Delaware River
through the park. The second project involved the Pocono Environmental Education Center
(PEEC), a nonprofit center within the park, in the design of new environmental education
programs for park visitors. Each one of the DWGNRA Park Break sessions also has included
interactions with USGS scientists currently conducting research projects within the park,
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which have ranged from vegetation mapping to studies monitoring eel populations in the
Delaware River.

In looking broadly at the program since 2008, author and DWGNRA Park Break Coor-
dinator Debbie O’Leary notes several important lessons learned that may be helpful to future
parks involved in the program:

¢ Students have tended to respond best to presenters who engage the group in an inter-
active discussion as opposed to a lecture format.

* Ifpresentations are given by invited speakers, it is important to make sure there is plen-
ty of time for questions and answers. The students never run out of questions, so you
can never have too much time for interactive discussion.

*  Organizing a social get-together early in the week for the students, presenters, and local
park employees provides an opportunity for the students to get to know each other and
the people they will work with throughout the week.

*  Since the Park Break session will be a first-time visit to the park for the majority of the
participants, an early tour of some of the park’s special features is a useful way to start
the week. If the project involves field work, the students may be able to experience the
park in ways not always available to other park visitors. If the majority of the project in-
volves lab and classroom work, there should be time scheduled outside. We had a local
naturalist lead a hike through one section of the park and USGS scientists led trips to
their field sites, so the students were exposed to a representative portion of the park and
its natural and cultural features.

* Inviting all of the speakers, panel members, local officials, and scientists to stay for
lunch or dinner is another opportunity for the students to interact with professionals
and engage in more personal or one-on-one exchanges.

The Park Break experience at DWGNRA was developed for students interested in
spending their limited spring break from college classes to learn about the history of con-
servation in a unique setting. John Donahue sums up his experience with Park Break as one
charged with enthusiasm: “Add a multitude of high-powered speakers, a project that talented
graduate students complete in record time, stir in some case studies that include local, state
and federal complexities, and you have a recipe that can stimulate graduate students not only
in conservation policy—or other topics covered in Park Break sessions—but in potential ca-
reers in science and park management.”

Program benefits and evaluation

Park Break participants are encouraged to collaborate with their fellow participants in writing
professional papers and contributing to activities that build on their Park Break experience
(see Monzon et al. 2011). As noted above, the Park Break Perspectives series was established
by GWS as a web-based site dedicated to research papers and essays prepared by student
participants. Papers have been developed on topics specific to projects investigated during
the week as well as on topics of particular interest to an individual’s graduate work but related
to their Park Break experience.

The George Wright Forum ¢ vol. 31 no. 2 (2014) « 219



Each Park Break participant receives a complimentary one-year membership to the
GWS as well as preference for travel scholarships to the next GWS biennial conference. Park
Break participants are encouraged to organize sessions at this conference as a way to become
more involved with professionals at the meeting and to gain experience in participating in
formalized panel discussions. During recent GWS conferences in Portland OR (2009), New
Orleans LA (2011), and Denver CO (2013), Park Break sessions have been organized and
moderated by former Park Break students.

Measuring success of a program such as Park Break is challenging since metrics may
vary depending on the parks, students, and staff involved. In the past, students participat-
ing in Park Break sessions have been asked to provide feedback either verbally before they
leave the session or in post-session questionnaires. In 2011, Park Break participants from
Clemson University conducted a post-session survey, receiving responses from 23 students
who attended Park Break sessions in different locations and years (Mora-Trejos et al. 2011).
Topics covered in this survey ranged from motivations for participating in the program to
satisfaction with preparatory materials, accommodations, and speaker selection. In respond-
ing to overall satisfaction with the Park Break experience, over 95% of the respondents were
satisfied or very satisfied with their experience. Knowledge gained by participating in the
program included different perspectives on natural and cultural resource management issues
and greater understanding of how federal managers try to balance monetary, political, and
social aspects of resource management concerns. The demographic analysis in their survey
showed that at least 30% of Park Break participants were of African American, Native Hawai-
ian, Hispanic, or Asian heritage.

Some of the most encouraging feedback regarding the success of the program is in direct
quotes we receive from past participants. We include two of these comments below.

I think about our Park Break session often. It was one of the best organized meetings
I've attended. I came to Park Break from a fairly narrow focus on the ‘natural’ in
natural areas, and it was beneficial to meet with folks with broader interests (e.g
interpretation, history and archeology). It really opened my eyes to how complex
decisions can become when all of the stakeholders are considered. The national
scenic byway project was a great practical way to get our cohorts involved in
making management decisions, and I still use quotes from John Donahue with my
students (e.g. ‘If your decisions aren’t upsetting anyone, you're probably not making
a difference’).

— Heath Garris, Park Break participant, 2010

I was in the first Park Break session in 2008 and then was a mentor for 2009.
I am 1 my second term as a botanist for Denali National Park. Park Break was
a great introduction to upper-level positions in the NPS. Despite my five seasons
working with the NPS, Park Break was the first time I was really allowed behind
the closed doors of upper management, and recognized as a potential contributor

to management in the future. It helped me view my role in the NPS a bt differently,
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and motivated me in my studies to stay true to my management interests and not get
bogged down too much in the esoteric aspects of academia.

— Sarah Stehn, Park Break participant, 2008; Park Break mentor, 2009

For 2014, we developed two surveys for Park Break students to complete regarding their
experience with the program: one survey to fill out before the program and a second survey
to fill out once the program is complete. The intent is not only to get feedback on the week’s
program but also to have some measure of knowledge gained from the experience.

Recent developments

For the 2014 Park Break session, a new process was initiated for selection of the host parks.
In September of 2013, notice was provided to park units regarding availability of funds and
a call for proposals. Each park interested in serving as a host was asked to fill out an online
application posted on the GWS website that included a description of the proposed Park
Break session, the topic for a special project focus, and the availability of on-site housing for
up to eight students.

Two parks were selected as hosts, one with a science focus to be funded by USGS and
one with a cultural resource focus to be funded by NPS. The science-focused session was
held in Saguaro National Park and involved students in a project that examined the special
hydrogeological resources of the park’s desert environment. The cultural resources session
was held in Keweenaw National Historical Park along the Lake Superior shoreline with a
focus on archaeology and cultural resources management.

For 2015, we hope that we will be announcing another year of Park Break with sessions
to be held in March or April of 2015. Protected area managers interested in the program
should watch for a request for proposals announced by the George Wright Society.
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Endnotes

1. The term “diversity” is used broadly to refer to many demographic variables, including,
but not limited to, race, religion, color, gender, national origin, disability, sexual
orientation, age, education, geographic origin, and skill characteristics. America’s
diversity has given this country its unique strength, resilience and richness (from US
Department of Interior’s Compliance and Programs Division website: www.doi.gov/
pmb/eeo/workforce-diversity.cfm (accessed March 17, 2014).

2. With the expansion of Park Break into the realm of cultural resources, the program now
engages with historians, archaeologists, and other scholars and professionals outside the
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realm of science. However, because the subject of this theme issue of The George Wright
Forum is USGS-NPS collaboration, the remainder of this article will focus primarily on
the scientific aspects of Park Break.
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