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Publisher’s Note: Natural Resource Condition Assessments provide a snapshot-in-time evaluation
of park resource conditions. For this report, most or all of the data discovery and analyses
occurred during the period of 2009 to 2018. Thus, park conditions reported in this document
pertain to that time period. Due to revised publishing requirements and/or scientific delays, this
report was not published until 2020.

Executive Summary

The NRCA study team compiled existing data and information to characterize the condition and
trends of high priority natural resources in Lewis and Clark National Historical Park. This report and
the spatial datasets provided with it are intended to inform and support park managers and scientists
in developing recommendations for protecting and improving the condition of natural resources in
the park. The NRCA can also assist park resource managers in meeting the reporting requirements of
the Government Performance Results Act and Office of Management and Budget.

Resource elements selected for assessment were organized into eleven chapters: 1) Air Quality; 2)
Climate; 3) Freshwaters (includes Surface Hydrology/Quality and Groundwater Hydrology/Quality);
4) Estuaries (includes Physical Elements, Biological Components, and specifically Juvenile Salmon),
5) Forest Health and Disturbance; 6) Non-salmonid Fish; 7) Amphibians; 8) Mammals; 9) Natural
Night Skies and Natural Quiet; 10) Nearshore Physical Environment; and 11) Landuse and
Connectivity.

Indicators (quantitatively measurable descriptors) were identified to evaluate the condition and trend
of these resources. Reference conditions were established for each indicator, though in some cases
sufficient data were not available to provide a quantitative evaluation for an indicator. The selection
and identification of indicators even when data are not available for analysis is an important exercise,
however, because it establishes a need for new data and provides the foundation for future
assessments that may be able to incorporate data that currently do not exist.

For each resource, measures for each indicator selected for that resource were compared with
reference conditions. In many cases the absence of data for reference conditions and/or the current
state of indicators allowed only qualitative comparisons, and for those resources confidence in the
assessment was generally low. Evaluation of all indicators for a resource was made subjectively to
come to a conclusion regarding the current condition of a resource. With this information the authors
then provided their best judgement on each resource condition in terms of management response
using the terms “Good”, “Of Moderate Concern”, “Of Significant Concern”, or “Unknown.” Trends
in condition were described as “Improving”, “Stable”, “Declining”, or “Unknown.” Finally, as
mentioned, the confidence in each resource assessment was provided as "High", "Medium", or
"Low".

The following table (Table ES.1) briefly summarizes the condition of assessed resources. The
assessment process for each resource is provided in Chapter 4. Chapter 5 provides a summary
(synthesis) of resource conditions for the park.
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Table ES.1. Summary of condition assessments for all focal resources.

LEWI Resource

Condition and Trend

Assessment

Condition
and Trend

Air Quality (Section 4.1)

Good condition, no detectable trends,
medium confidence

Air quality is not monitored on-site; there are impacts from
river traffic and urban areas but there are no identified
threats from nearby land sites. Confidence is medium.

Climate (Section 4.2)

Poor condition, downward trend, high
confidence

Given that the climate is changing rapidly from conditions
to which organisms and biological systems have adapted
the condition of this resource is poor. The trend is
declining, and confidence in this assessment is high.

Freshwater Resources (Surface
Hydrology and Groundwater)
(Section 4.3)

Good condition, no detectable trends,
low confidence

Freshwater resources in LEWI appear to be in moderate
condition but there are very few current data available.
Streamflow conditions are generally unknown and may be
of concern in relation to possible changes in precipitation
patterns related to climate change and potential
withdrawals from the Lewis and Clark River. Groundwater
quantity appears good but groundwater quality is of
concern. There are no detectable trends and confidence is
low.

Estuaries and Juvenile Salmon
(Section 4.4)

Moderate condition, upward trend,
medium confidence

The condition of several estuaries in LEWI has greatly
improved as a result of comprehensive restoration efforts.
Biological conditions are of moderate concern given an
apparent absence of data regarding fish presence and
presence/absence of invasive species. The trend is
improving and confidence is medium.

Forest Health and Disturbance
(Section 4.5)

Good condition, no detectable trend,
medium confidence.

Forests appear to be in relatively good condition though
disease and impacts from climate change are concerns.
Disturbance processes will continue to structure forests,
and severe storms may increase in frequency with
changing climate conditions. There are no detectable
trends and confidence is medium.

Non-salmonid Fish (Section 4.6)

Moderate condition, no detectable
trend, low confidence.

Non-salmonid fish appear to be in moderate condition and
there are few appearent direct threats to fish in LEWI. But
external impacts are significant and confidence is low given
the absence of data.
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Table ES.1 (continued). Summary of condition assessments for all focal resources.

observational assessments.

Condition
LEWI Resource Condition and Trend Assessment and Trend
LEWI provides important habitat resources for amphibians .
N . Good condition, no detectable trends, and thls.group appears to be in good co.ndltlon.. Cllm?te Ks \‘
Amphibians (Section 4.7) ) change impacts to forests and hydrological regimes is a [ )
low confidence ) . \ /
concern. There are no detectable trends but confidence is Nl
low given the absence of information.
Mammals appear to be in good condition though very little
is known about any species other than elk. Habitat in LEWI LT,
. Good condition, no detectable trends, is generally good and there are few known direct threats. / ‘.
Mammals (Section 4.8) ' L . . [ ]
low confidence The potential introduction of white-nose syndrome to the '\ J
Pacific Northwest is a concern for bats. Other than for elk T
there is no information on trends and confidence is low.
LEWI is fortunate to have relatively few impacts to natural 7T
Natural Night Skies & Natural Quiet | Good condition, no detectable trends, night skies and quiet. There are no detectable trends II <:>‘.
(Section 4.9) medium confidence though there are few empirical data to support ' ,/'

Nearshore Marine Conditions
(Section 4.10)

Moderate condition, downward trend,
low to medium confidence

Multiple impacts of climate change on oceanic processes
are occurring and are predicted affect LEWI coastal
resources even more strongly in the future. The trend is
downward given ongoing climate change and confidence in
future conditions is low to medium.

Landuse & Habitat Connectivity
(Section 4.11)

Moderate condition, no detectable
trends or stable, high confidence in
current landuse but low confidence in
habitat integrity in relation to landuse.

Some adjacent landuses almost certainly impair migration
and dispersal of some species, however, data to identify
such impacts are scarce. Impervious surface cover in park
sites is low and road density in Washington sites is
moderate. Recent land additions provide important
protections to existing resources but many upstream areas
are still utilized for timber extraction. The trend is generally
stable with some loss of open space to development in
adjacent lands but with additions of functional habitat like
restored estuaries and recently protected sites. Confidence
in the assessment for current landuse is high but low for
impacts of landuses on resources, particularly wildlife.
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Prologue
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note that data discovery and analyses for this study was conducted a few years prior to publication.
Thus, park conditions reported in this document pertain to that time period. Please see the Publisher’s
Note at the beginning of the Executive Summary or Chapter 2 for dates specific to this report.
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Chapter 1. NRCA Background Information

Natural Resource Condition Assessments (NRCAs) evaluate current conditions for a subset of
natural resources and resource indicators in national park units, hereafter “parks.” NRCAs also report
on trends in resource condition (when possible), identify critical data gaps, and characterize a general
level of confidence for study findings. The resources and indicators emphasized in a given project
depend on the park’s resource setting, status of resource stewardship planning and science in
identifying high-priority indicators, and availability of data and expertise to assess current conditions
for a variety of potential study

resources and indicators. NRCAs Strive to Provide... \
NRCAs represent a relatively new e Credible condition reporting for a subset of
approach to assessing and important park natural resources and indicators

reporting on park resource e Useful condition summaries by broader resource

conditions. They are meant to categories or topics, and by park areas
complement, not replace, \ J

traditional issue-and threat-based
resource assessments. As distinguishing characteristics, all NRCAs

e Are multi-disciplinary in scope;'
o Employ hierarchical indicator frameworks;?
e Identify or develop reference conditions/values for comparison against current conditions;’

o Emphasize spatial evaluation of conditions and Geographic Information System (GIS)
products;*

o Summarize key findings by park areas;’ and

e Follow national NRCA guidelines and standards for study design and reporting products.

Although the primary objective of NRCAs is to report on current conditions relative to logical forms
of reference conditions and values, NRCAs also report on trends, when appropriate (i.e., when the
underlying data and methods support such reporting), as well as influences on resource conditions.
These influences may include past activities or conditions that provide a helpful context for

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

2 Frameworks help guide a multi-disciplinary selection of indicators and subsequent “roll up” and reporting of data for measures
= conditions for indicators = condition summaries by broader topics and park areas

3 NRCAs must consider ecologically-based reference conditions, must also consider applicable legal and regulatory standards,
and can consider other management-specified condition objectives or targets; each study indicator can be evaluated against one
or more types of logical reference conditions. Reference values can be expressed in qualitative to quantitative terms, as a single
value or range of values; they represent desirable resource conditions or, alternatively, condition states that we wish to avoid or
that require a follow-up response (e.g., ecological thresholds or management “triggers”).

4 As possible and appropriate, NRCAs describe condition gradients or differences across a park for important natural resources
and study indicators through a set of GIS coverages and map products.

5 In addition to reporting on indicator-level conditions, investigators are asked to take a bigger picture (more holistic) view and
summarize overall findings and provide suggestions to managers on an area-by-area basis: 1) by park ecosystem/habitat types or
watersheds, and 2) for other park areas as requested.



understanding current conditions, and/or present-day threats and stressors that are best interpreted at
park, watershed, or landscape scales (though NRCAs do not report on condition status for land areas
and natural resources beyond park boundaries). Intensive cause-and-effect analyses of threats and
stressors, and development of detailed treatment options, are outside the scope of NRCAs.

Due to their modest funding, relatively quick timeframe for completion, and reliance on existing data
and information, NRCAs are not intended to be exhaustive. Their methodology typically involves an
informal synthesis of scientific data and information from multiple and diverse sources. Level of
rigor and statistical repeatability will vary by resource or indicator, reflecting differences in existing
data and knowledge bases across the varied study components.

The credibility of NRCA results is derived from the data, methods, and reference values used in the
project work, which are designed to be appropriate for the stated purpose of the project, as well as
adequately documented. For each study indicator for which current condition or trend is reported, we
will identify critical data gaps and describe the level of confidence in at least qualitative terms.
Involvement of park staff and National Park Service (NPS) subject-matter experts at critical points
during the project timeline is also important. These staff will be asked to assist with the selection of
study indicators; recommend data sets, methods, and reference conditions and values; and help
provide a multi-disciplinary review of draft study findings and products.

NRCAs can yield new insights about current park resource conditions, but, in many cases, their
greatest value may be the development of useful documentation regarding known or suspected
resource conditions within parks. Reporting products can help park managers as they think about
near-term workload priorities, frame data and study needs for important park resources, and
communicate messages about current park resource conditions to various audiences. A successful
NRCA delivers science-based information that is both credible and has practical uses for a variety of
park decision making, planning, and partnership activities.

/ Important NRCA Success Factors \

e Obtaining good input from park staff and other NPS subject-matter experts at
critical points in the project timeline

e Using study frameworks that accommodate meaningful condition reporting at
multiple levels (measures = indicators = broader resource topics and park
areas)

e Building credibility by clearly documenting the data and methods used, critical
\ data gaps, and level of confidence for indicator-level condition findings /

However, it is important to note that NRCAs do not establish management targets for study
indicators. That process must occur through park planning and management activities. What an
NRCA can do is deliver science-based information that will assist park managers in their ongoing,
long-term efforts to describe and quantify a park’s desired resource conditions and management
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targets. In the near term, NRCA findings assist strategic park resource planning®and help parks to
report on government accountability measures.” In addition, although in-depth analysis of the effects
of climate change on park natural resources is outside the scope of NRCAs, the condition analyses
and data sets developed for NRCAs will be useful for park-level climate-change studies and planning
efforts.

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the
NPS Natural Resources Inventory & Monitoring (I&M) Program.® For example, NRCAs can provide
current condition estimates and help establish reference conditions, or baseline values, for some of a
park’s vital signs monitoring indicators. They can also draw upon non-NPS data to help evaluate
current conditions for those same vital signs. In some cases, [&M data sets are incorporated into
NRCA analyses and reporting products.

NRCA Reporting Products...

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

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

e Improve understanding and quantification for desired conditions for the park’s
“fundamental” and “other important” natural resources and values
(longer-term strategic planning)

e Communicate succinct messages regarding current resource conditions to
government program managers, to Congress, and to the general public
(“resource condition status” reporting)

Over the next several years, the NPS plans to fund an NRCA project for each of the approximately
270 parks served by the NPS I&M Program. For more information visit the NRCA Program website.

%An NRCA can be useful during the development of a park’s Resource Stewardship Strategy (RSS) and can also be tailored to act
as a post-RSS project.

7 While accountability reporting measures are subject to change, the spatial and reference-based condition data provided by
NRCAs will be useful for most forms of “resource condition status” reporting as may be required by the NPS, the Department
of the Interior, or the Office of Management and Budget.

8 The 1&M program consists of 32 networks nationwide that are implementing “vital signs” monitoring in order to assess the
condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources
across the National Park System. “Vital signs” are a subset of physical, chemical, and biological elements and processes of park
ecosystems that are selected to represent the overall health or condition of park resources, known or hypothesized effects of
stressors, or elements that have important human values.


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




Publisher’s Note: Natural Resource Condition Assessments provide a snapshot-in-time evaluation
of park resource conditions. For this report, most or all of the data discovery and analyses
occurred during the period of 2009 to 2018. Thus, park conditions reported in this document
pertain to that time period. Due to revised publishing requirements and/or scientific delays, this
report was not published until 2020.

Chapter 2. Park Setting and Resource Stewardship Context

2.1. Introduction

Lewis and Clark National Historical Park (LEWTI) preserves, restores, and interprets key historic,
cultural, scenic, and natural resources throughout the lower Columbia River. These sites are
primarily associated with the Lewis and Clark Expedition’s arrival at and exploration of the Pacific
coast, and commemorates the 1805—-1806 winter encampment at Fort Clatsop. (NPS 2015). Though
originally comprised of only the Fort Clatsop site, the 2005 LEWI legislative boundary expanzion
now includes seven sites in both Oregon (Clatsop County; 738 ha/1,824 ac) and Washington (Pacific
County; 575 ha/1,421 ac), near the mouth of the Columbia River (Table 2.1a and 2.1b, Figure 2.1-1).

Table 2.1a. LEWI units within the national park legislative boundary in Washington and Oregon (NPS).

State Unit Owner or Manager Area ha (acres)
. . Washington State Parks and
Ca.pe? Dlsappomt.mer?t State Park Recreation Commission, NPS, US 564 (1,394)
(within LEWI legislative boundary) ) )
Army Corps of Engineers
) . . NPS, State of Washington, Pacific
Washington Clark’s Dismal Nitch County? 78 (192)
. . . NPS, private landowner, State of
Middle Village — Station Camp Washington? 190 (469)
Total Authorized Boundary - 832 (2,055)
Fort Clatsop Unit NPS, private landowners* 525 (1,297)
Salt Works® NPS 0.25
Oregon Sunset Beach State Recreation Area Oregon Parks and Recreation 90 (222)
Department
Yeon Property NPS 44 (107)8
Total Authorized Boundary - 658 (1,626)
Total Authorized Boundary 1,490 (3,680)

' Of the 1,725 acres of Cape Disappointment, 1,394 are within the park's legislative boundary. NPS conducts
natural resource inventories and monitoring on these lands as well as collaborates with Washington State
Parks on natural resource projects. Projects falling on NPS owned land are subject to NEPA, NHPA, and other
federal laws.

2 NPS owns and manages 154 acres. Washington Department of Transportation owns and operates the safety
rest area, Pacific County owns 5 acres. The State of Washington owns the tidelands.

3 NPS owns and manages 8 acres. As of publication, discussions are still on-going for the possible acquisition or
easement of 347 privately owned acres. The State of Washington owns the tidelands.

4 Private landowners own approximately 37 acres within the Fort Clatsop Unit.



5 Because of its small size, Salt Works is not evaluated in this document.

6 This acreage is subject to a final cadastral survey.

Table 2.1b. Nearby state parks in Washington and Oregon that are not within the LEWI legislatative

boundary (NPS).
State Unit Owner or Manager Area ha (acres)
Cape Disappointment State Park Washington State Parks and 134 (331)*
(outside LEWI legislative boundary) Recreation Commission
Washington Wash ok
Fort Columbia State Park ashington State Parks and 240 (593)
Recreation Commission
Ecola State Park Oregon Parks and Recreation 528 (1,304)
Department
Oregon

Fort Stevens State Park

Oregon Parks and Recreation
Department

1,619 (4,000)

* These 331 acres are outside of the LEWI legislative boundary.

Fort Stevens

Ecola State Park
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Figure 2.1-1. Map of Lewis and Clark National Historical Park legislative boundary and nearby state
parks (University of Washington, School of Forest Resources, GIS).
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Some of these sites include contiguous non-NPS lands owned by other jurisdictions within the LEWI
boundary (Table 2.1a). The National Park Service, Army Corps of Engineers, and Washington State
have entered into an agreement in which the visitor services, law enforcement, and maintenance
functions of Cape Disappointment State Park lands within the LEWI jurisdiction operate under the
Washington State Parks and Recreation Commission. The NPS conducts natural resource inventories
and monitoring on these lands as well as collaborates with Washington State Parks on natural
resource projects. Projects falling on NPS owned land are subject to NEPA, NHPA, and other federal
laws. In addition to the seven LEWI units there are several nearby state parks (shown in orange in
Figure 2.1-1) whose managers often work collaboratively with NPS to protect shared natural
resources. Some assessments within this report include data from these state parks outside of the
LEWI boundary.

2.1.1. Enabling Legislation/Administrative History

In the early 1900s the Oregon Historical Society began purchasing land where the original Fort
Clatsop was believed to have been located. Congress was first petitioned to officially recognize the
site in 1906, and though no action was taken at that time, by the late 1930s NPS had determined the
site should instead be a state park. Not until the mid-1950s when a collaboration of local groups built
a replica of the fort to commemorate the 150™ anniversary of the Lewis and Clark winter
encampment did Congress revisit the question of national significance. Fort Clatsop National
Memorial, comprised of approximately 125 ac (51 ha) surrounding the assumed site of the fort, was
authorized in May 1958 and officially designated in October 1962. In 1966 the Memorial was
included in the National Register of Historic Places, with the 0.2 ac Salt Works parcel added in 1979.

With the passage of the Fort Clatsop Boundary Expansion Act in 2002, the size of Fort Clatsop
increased to approximately 1,500 acres (607 ha). The Memorial was subsequently re-designated as a
National Historical Park in October 2004 with the passage of the Lewis and Clark National Historical
Park Designation Act. This legislation also added an additional 2,055 acres (832 ha), including
Dismal Nitch Station Camp Middle Village, Fort Canby (now Cape Disappointment). In 2004 the
Fort to Sea trail was established, and in 2006 approximately 1,200 acres (486 ha) were purchased
from Weyerhaeuser. Most recently the 107 acre (44 ha) Yeon Property was purchased and added to
the park. A detailed history of the park is provided in Cannon (1995) and in the park’s Foundation
Document (NPS 2015).

2.1.2. Geographic Location and Physical Setting

Lewis and Clark National Historical Park is unusual within the National Park system in that two sites
included within the park are not specifically managed by NPS. Though not all sites will be addressed
in this report, all sites within LEWI are briefly described below.

National Park and State Park sites in Oregon

The Fort Clatsop unit includes the site believed to have been where Lewis and Clark constructed
their winter encampment. The site is adjacent to the Netul River (now known as the Lewis and Clark
River), and provided the expedition with fresh water and forest resources to sustain them through the
winter. About a mile from the fort site on the river is Netul Landing, a former commercial log dump
site that is now a day use area with picnic shelters.
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The Fort to Sea Trail, commemorating the approximate route used by the expedition, begins at Fort
Clatsop and continues to the ocean terminating at Sunset Beach State Recreation Area. Just to the
south is the recently acquired Yeon Property.

Ecola State Park is located north of Cannon Beach, OR, and includes the most intact forest stand in
any of the units. The site is significant as the location where expedition members trekked in 1806 to
scientifically describe a beached whale and trade for its oil and blubber. Fort Stevens State Park,
located on the most northwestern tip of Oregon and constructed during the Civil War, is the largest
state park in the area and is characterized by extensive salt marsh habitat.

National Park and State Park sites in Washington
Clark’s Dismal Nitch is located adjacent to the Columbia River just east of the Astoria Bridge. The
site is named after a passage in Clark’s journals: “canoes loaded in great haste and Set Out, from this

dismal nitich where we have been confined for 6 days passed, without the possibility of proceeding
on, returning to a better Situation, or get out to hunt, Scerce of Provisions, and torents of rain poreing
on us all the time” (Clark in Moulton 1990). Middle Village — Station Camp is the former site of an
important Chinook tribal trading center and is now an interpretive day use site. Fort Columbia State
Park is located on the Columbia River adjacent to the Middle Village — Station Camp unit in
Washington. Fort Columbia and Cape Disappointment (previously Fort Canby) were former military
sites placed to defend the mouth of the Columbia River from 1896 to 1947. Cape Disappointment
State Park is located on the peninsula at the extreme southwestern tip of Washington and includes
twenty-seven miles of coastline, much of which has been accreted since the construction of the
northern jetty. The name refers to Captain John Meares failure in 1788 to locate the previously
charted Columbia River.

Surrounding Landuse

LEWT sites are surrounded by multiple types of landuse and water resources. The lands around the
park are a mix of open space (primarily forests and coastal habitats), agricultural lands, and
developments and housing. The Columbia River adjoins LEWI sites in both Washington and Oregon,
as does the Pacific Coast (Figure 2.1-2). An assessment of landuse and habitat connectivity is
provided in Section 4.11.
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Figure 2.1-2. Landuse designations within Pacific and Clatsop counties, including LEWI units and nearby
state parks. Data summarized in Section 4.11. (University of Washington, School of Forest Resources).

2.1.3. Cultural History and Significance

From the time of early Native Americans to the arrival of Lewis and Clark and then permanent Euro-
American settlements, the region surrounding the mouth of the Columbia River has provided humans
with substantial natural resources. The protection and interpretation of the cultural history that
resulted is one of the missions of the NPS at LEWI (NPS 2015). Many excellent resources exist that
document the cultural history of LEWI, so only a brief summary of the cultural resources of the park
will be presented here. Readers are directed to sources such as Cannon (1995), Bergman (2008), and
Deur (2016) for greater treatment of the rich history of humans in northwestern Oregon and
southwestern Washington.



The depiction of the Chinookan speaking people as recorded in the Lewis and Clark journals is
considered to be among the best-documented post-contact views of daily life and culture among
these tribes (Cannon 1995). Abundant marine and coastal resources supported one of the largest and
densest indigenous populations north of Mexico (Deur 2016). The first European-Chinookan contact
is reported from 1792, but between that period and the arrival of Lewis and Clark in 1805, disease
had devastated the Native American populations (Boyd and Boyd 1999, Ronda 2002).

Following the establishment of Fort Clatsop, other people utilized the site. European settlement of
Washington and Oregon increased following the signing of a boundary treaty with Great Britain in
1846. Carlos Shane received a land claim for Fort Clatsop in 1850 and over time all of the remaining
old-growth forests were cleared as timber mills were built and logging production boomed. The
extensive land clearing of the time also facilitated the establishment of orchards, small gardens, and
land for animal grazing. Many estuaries and wetlands were also lost when they were diked and filled
with soil to increase available farmland.

Around the beginning of the 20™ century transportation expanded to include railroads, allowing even
greater trade to occur. For example, clay of suitable quality for pottery was available at the Fort
Clatsop site and extraction occurred between 1887 until about 1920 (Cannon 1995). Commercial
fishing, particularly for salmon, increased in ports such as Ilwaco, WA, and Astoria, OR, and dams
were built on the Columbia River, initiating the decline of most of the region’s salmon species
(Chapman 1986).

2.1.4. Visitation

From 2007-2016, annual visitation to Fort Clatsop and Salt Works ranged from ~192,000 to
~282,000 with an average of ~232,000 for the period. The park’s visitor counting methodology has
not been updated since the addition of other units to the park. Visitation in 2016 was approximately 4
percent greater than in 2015 (http://irma.nps.gov/stats). Visitation surveys were conducted for the
Memorial in 1986 (Fort Clatsop National Memorial 1995), and repeated in 1987 and 1988. Results
showed that 60 percent of the visitors visited the park because of their interest in Lewis and Clark
Expedition history, 12 percent had heard about the park’s programs, and another 11 percent
expressed a passing interest. Approximately 70 percent were first time visitors and more than half
lived outside of Oregon; 75 percent were family groups. A considerable portion of visitation is
associated with commercial tours provided by chartered buses and tour ships (21,300 visits in 2003—
04).

2.2. Physical Resources and Processes

2.2.1. Climate

The climate of LEWI is relatively mild and largely moderated by marine influences. Annual
precipitation averages 70-90 in (180-230 cm), and is most abundant in autumn and winter. The mean
annual temperature between 1971-2000 was 51°F (11°C), with mean January temperatures of 37°F
(3°C) and July temperatures of 68°F (20°C; WRCC 2009). There are frequent periods of summer fog
and snow is rare. Intense Pacific storms can include extreme winds, for example in December of
2007 a storm brought winds of over 100 mph (160 kmh). Climate is discussed in detail in Section
4.2.
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2.2.2. Geology

Much of the area underlying LEWI sites is ~60 MYa basalt (late Paleocene to early Eocene)
including the Crescent Formation which appears in rock found at Cape Disappointment, Fort
Columbia, and Middle Village — Station Camp (Babcock and Carson 2000). During the Eocene,
sedimentary material (sand and mudstones) was deposited on this basal sea floor material. Repeated
basalt flows from eastern Washington and Oregon during the Miocene reached the coast. Subsequent
uplift resulted in exposure and erosion of these deposits; an example can be seen at Haystack Rocks
near Ecola State Park.

During the Pleistocene, glacial dams formed in what is now the northern Rocky Mountains. When
those dams periodically broke, enormous volumes of trapped ice, water, and debris washed down
through the Columbia Gorge, depositing material and forming new canyons. Beginning about 8,500
years BP, the development of extensive sand and alluvial deposits occurred as seas began rising
(Cooper 1958, Meyers 1996, Rankin 1983, Reckendorf et al. 1985 and 2001, Woxell 1998).

Several prominent landforms that reflect geologic history are visible including the sedimentary hills
that make up the Fort Clatsop unit, the basalt remnants at Cape Disappointment, McKenzie and
Tillamook Heads, the summits of Bald and Clark’s Mountains and Scarborough Hill, and the sand
and alluvial depositional lowlands which include the sand dune plains of NW Clatsop County (Fort
Stevens, Sunset Beach and the Yeon Property).

Geologically, the entire Pacific Northwest (PNW) is affected by the interactions of several large
tectonic plates located in the north Pacific (Dziak 2006). Seismic activity generated by plate
movements (and other factors more complex than can be discussed here), has resulted in a series of
historical, major subduction earthquakes off the coast, often with associated tsunamis (Geist 2005,
Meyers et al. 1996). The most recent event was the Cascadia earthquake of January 26, 1700 (Benson
et al. 2001, Jacoby et al. 1997). There is some evidence of an approximate 300-year periodicity to
these events (Benson et al. 2001, Meyers et al. 1996), and regional public safety authorities generally
take the threat of a tsunami quite seriously (Wood et al. 2010, Komar et al. 2013, Sleeter et al. 2017).

Clatsop Plains
A geologic feature that has particular relevance to ecological processes is the Clatsop Plains.

(Reckendorf et al. 2001; Figure 2.2-1). The vertical change in elevation of the dunes ranges from 30—
70 ft (9-21 m) and the distance between the dunes ranges from less than 100 ft to over 300 ft (30-90
m). The dune system is relatively young, with the oldest dune dated to approximately 5,000 years
ago. Between the dunes are seasonal ponds, lakes and associated welands where visible water
indicates that groundwater levels are very close to the surface.
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Figure 2.2-1. Diagram of the series of dune ridges associated with the Clatsop Sand Dune Plains
(Reckendorf et al. 2001). The basemap is from the Oregon State GIS Center, Universal Transverse
Mercator Projection, Zone 10, 1983 North American Datum, Portland State University GeoData
Clearinghouse.

2.2.3. Soils
In Clatsop County, geological history and surface processes have resulted in five different soil
categories (Smith and Shipman 1988): flood plains, terraces, and dunes (13% of Clatsop County);
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soils on sedimentary and basalt mountains (43%); warm soils on flood plains and terraces (3%);
warm soils on mountains (29%); and cold soils on mountains (12%). Warm and cold are related to
distance from the ocean and elevation, respectively. These five categories are composed of 9 map
units and 23 sub-units. Soils range from well-drained sands to clay and organic mucks.

The first two categories of soil dominate the Oregon units of LEWI. Many of these soils, particularly
those derived from mudstone, are prone to movement and large slides occasionally occur at the
interface between basalt and sedimentary rock types (Schlicker et al. 1961). In addition, poorly
drained soils are often associated with shallow rooted trees that are then prone to windthrow (Agee
2000). For Pacific County (north of the Columbia River in Washington), a similar distribution of soil
types is found.

2.2.4. Hydrology and Water Quality

The aquatic resources of LEWI are well described and evaluated by Klinger et al. (2007). A variety
of water resources are present including upland rivers and streams, tidally-influenced (brackish)
estuaries and wetlands, small springs and surface lakes, coastal (marine) waters, and groundwater
(fresh and brackish; Figure 2.2-2).

A B

Figure 2.2-2. Photographs illustrating some of the water resource features at LEWI: A. Sunset Lake
(lacustrine wetland with willow, red osier dogwood, and Sitka Spruce); B. Skipanon River — Transition
between sedimentary hills to east (left side of the picture) and coastal dune prairie system to west; C. A
palustrine wetland next to a cattle pasture in the Clatsop Plains (dune prairie system); D. North jetty and
the Pacific Ocean from Cape Disappointment. Photographs by T. Hinkley.

There are a total of 13 mi (21 km) of shoreline and 152 acres (62 ha) of water included in LEWI and
nearby state parks. Freshwater resources are assessed in Section 4.3 and estuaries in Section 4.4.
Youngs Bay and Baker Bay are prominent features of the lower Columbia River Estuary (CRE).
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Youngs Bay is located on the south side of the Columbia River (Oregon) between Astoria and
Warrenton, OR. The bay is fed by four rivers: the Lewis and Clark, Youngs, Klaskanine, and
Wallooskee (Walluski). Baker Bay, on the north side of the river (WA) is fed by the Chinook River.

Coastal and Tidal Processes

The natural resources as well as the cultural history of LEWI are strongly tied to the presence of the
Columbia River and the Pacific Ocean. Specifically, tidal processes are a primary input to
functioning healthy estuaries. The tides at the mouth of the Columbia River range from
approximately 5 ft to over 8 ft (2-3 m; Table 2.2-1). Dikes were constructed in Youngs Bay and the
Lewis and Clark River between 1917 and 1939, and jetty construction in the region began as early as
1885 near the mouth of the Columbia River. These activities have reduced wave action and currents
throughout the CRE (Jay et al. 2016). Recent restoration efforts have restored important tidal inputs
at many sites; and estuaries are assessed in Section 4.4.

Table 2.2-1. Tidal data (NOAA 2009).

Mean Range Spring Mean Tide
Location (ft/m) Range Level
Columbia River entrance (N. Jetty, WA) 5.6/1.7 7.5/2.3 4.011.2
Fort Canby, Jetty "A", WA. 6.2/1.9 8.3/2.5 4.5/1.4
Chinook, Baker Bay, WA 6.1/1.9 8.1/2.5 4.3/1.3
Seaside, 12th Ave. Bridge, OR 4.711.4 5.8/1.8 2.8/0.9
Warrenton, Skipanon River, OR 6.5/2.0 8.3/2.5 4.4/1.3
Astoria (Youngs Bay), OR 6.7/2.0 8.6/2.6 4.5/1.4

Of primary importance to nearshore resources are oceanic upwelling processes that bring colder
water and nutrients from lower depths to the ocean surface. Coastal upwelling in the eastern Pacific
is a powerful dynamic that affects ocean chemistry, climate, coastal geomorphology, and marine and
nearshore ecosystems (Hickey and Banas 2003).

2.2.5. Water Quality

The Columbia River is a major source of toxics and other pollutants to estuaries and coastal
resources in LEWI, while upstream and urban uses affect streams and other freshwater sites (Klinger
et al. 2007, Hand et al. 2018). Groundwater is sensitive to contamination, and with rising sea levels
associated with climate change salt water intrusion may become a problem. Surface and groundwater
quality are addressed in Section 4.3.

2.2.6. Fire

Natural (non-human ignited) fires are rare in the moist conditions of Pacific Northwest forests (Agee
1993). There is evidence that Native peoples utilized fire to clear areas for the improvement of deer
and elk habitat and specific plant species, but those practices do not appear to have been practiced on
a landscape scale (Deur 2016). Fire processes in relation to forest condition are discussed in Section
4.5.
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2.3. Biological Resources

LEWI units contain a variety of ecosystems including marine intertidal, sandy shorelines and dunes,
brackish estuaries, rocky headlands, temperate rainforests and riparian corridors. Ecoregionally,
LEWTI lies within the Coastal Sitka Spruce ecosystem at the convergence of the Coast Range habitat
and the wetlands of the Columbia River estuary. Because all LEWI sites lie within about 10 miles
(16 km) of the Pacific Ocean, park natural resources are highly affected by oceanic processes and
conditions.

2.3.1. Vegetation Communities

The historical vegetation for the LEWI units and nearby state parks in Oregon is shown in Figure
2.3-1. Significant portions of Fort Stevens and Sunset Beach show no data as they are derived from
sand and alluvial depositions that were not present historically. The historical vegetation was
dominated by forests, especially at Fort Clatsop; Agee (2000) estimated that approximately 40% of
the forest was old-growth. Wetlands were particularly evident at Fort Stevens, while grasslands and
sand dunes were present at Fort Stevens and Sunset Beach. Ecola State Park was mostly forested.

The current vegetation of LEWI and surrounding regions is described in detail in Kagan et al. 2012
and summarized from that report and other sources below.
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Figure 2.3-1. Historical vegetation of the Ecola, Fort Clatsop, Fort Stevens, and Sunset Beach units.
Comparable data have not been compiled for units in Washington (University of Washington, School of
Forest Resources).
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Forests

Historically, large Sitka spruce (Picea sitchensis) and western hemlock (Tsuga heterophylla) trees
dominated the forests of LEWI (Figure 2.3-2). Prior to European settlement at least 40% of the coastal
hills were old-growth Sitka spruce/western hemlock forests (Agee 2000). Today, less than 5% of the
original old-growth forest remains; in the study area, the largest stand is currently found in Ecola State
Park and Cape Disappointment has a few remnant stands. Other sites have forests on their second,
third, and even fourth rotation (NPS 2011b). At the Fort Clatsop unit, forests are being actively restored
to accelerate their trajectory to a forest more natural in structure, function, and appearance. (NPS.
2011b). Kagan et al. (2012) calculated approximately 4,443 acres (1,798 ha) of all forest types
(including disturbed) in the study area, with the large majority being alder upland and Sitka spruce
forests.

Figure 2.3-2. Photographs illustrating some of the upland resources: A. Root wad of a large, 80-year-old
Sitka spruce uprooted as a result of the December 2007 windstorm. B. Late March 2009 willow buds. C.
Forest damage as a result of the December 2007 windstorm. D. Sitka spruce branch and cone. E.
Invasive English ivy on red alder at Beard’s Hollow, Cape Disappointment. F. Stem and crown of an old-
growth Sitka spruce in Ecola State Park. All photographs by T. Hinckley.

Nearshore/Dunes

Coastal and dune plant communities have changed dramatically since European settlement.
Extensive grazing in the late 19th and early 20th centuries damaged the soil layers and exposed dune
sand to wind erosion leading to severe dust storms that could at times close US Highway 101. In
order to stabilize the dunes European beach grass (Ammophila arenaria) and shore pine (Pinus
contorta var. contorta) were planted in the 1930s. Ecologically important native dune plants include
the early blue violet (Viola adunca), a host for the threatened Oregon Silverspot butterfly (Speyeria
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zerene hippolyta). Kagan et al. (2012) calculated 2,011 acres (814 ha) of all dune types (includes
herbaceous headland).

Wetlands/Estuaries

LEWI and nearby state parks contain 14 types of wetlands within five wetland systems (Marine,
Estuarine, Palustrine, Lacustrine, and Riverine), as identified by the National Wetland Inventory
(NWI; NPS 1994). Estuarine and marine wetlands are common in the study area, and compose 45%
of the current aquatic ecosystems. Because estuaries have been lost and degraded all along the
Pacific Coast and particularly along the Columbia, these sites are significant for the estuarine
resources they protect. Kagan et al. (2012) calculated approximately 344 acres (139 ha) of tidal fresh-

brackish marsh and salt marsh.

LEWI does not have large areas of freshwater ponds, lakes, or riverine ecosystems. A spring near
Fort Clatsop, believed to be the source of drinking water for the expedition, flows for approximately
nine months of the year and is the source of a small stream that flows to the Lewis and Clark River.
Freshwater Resources are assessed in Section 4.3, and Estuaries in Section 4.4.

Plant Diversity
In total, 382 vascular plant taxa have been recorded within the study area, approximately 30% of the

1,287 species present in the regional species pool (Appendix 1). The proportional distribution of
plant species among taxonomic groups is very similar with the regional species pool: dicots account
for ~ 70% of the species richness, monocots for 25%, and the other taxonomic groups for small
amounts. A total of 73 bryophyte taxa have been documented with about two-thirds being true
mosses (Appendix 2). Ninety-nine species of fungi have been recorded, half of which are gilled
fungi. Sixty-one lichen taxa have been recorded, most of which have a foliose growth form
(Appendix 2).

2.3.2. Species and Communities of Concern

Rare Plant Communities

Several plant communities (associations) found in LEWI and nearby state parks are regionally or
globally rare and/or of concern (Table 2.3-1). Big-headed sedge communities were once common
along the coast but have now become rare due mostly to the conversion of dunes to developed sites
and the presence of non-native grasses (Wise and Kagan 2012). Local occurrences of big-headed
sedge occur at Fort Stevens and Cape Disappointment. Pacific Reedgrass —Blue Wildrye perennial
grasslands occur at the North Head headland in Cape Disappointment, the only known location in
southwest Washington and one of three occurrences for the entire state (Washington State Parks and
Recreation Commission 2004). These grasslands are more common in Oregon with a stand in Ecola
State Park.
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Table 2.3-1. Rare plant associations present at Lewis and Clark National Historical Park. Compiled from
Kagan et al. 2012 and Nature Serve (https://www.natureserve.org/).

Scientific Names Common Names Growth Form Rank*

Carex macrocephala big-headed sedge herbaF:e.ous dune G1G2S1
association

P/ce.a §ltchenSIs./Carex obnupta — | Sitka spruce / slough sedge — forested swamp G2G3S1

Lysichiton americanus skunk cabbage

Festuca rubra red fescue coastal grassland G2S2

Calamagrostis nutkaensis Pacific reedgrass — blue wildrye perennial grassland G251

Elymus glaucus

Lyngby sedge — Pacific

. herbaceous salt marsh G4S2
Silverweed

Carex lyngbyei — Argentina egedii

*. Global Ranks as reported by NatureServe. State rank for Oregon as determined by Oregon Biodiversity
Information Center. Rank Definitions: G=Global, S=State, T=Taxon (variety, subspecies). 1=Critically imperiled;
2=Imperiled; 3=Rare, uncommon, or threatened; 4=Not rare and apparently secure; 5=Demonstrably
widespread, abundant, and secure.

Rare Plant Species
Ocean-bluff bluegrass (Poa unilateralis) is identified as Threatened in Washington and in LEWI is
found only at Cape Disappointment on cliffs and ledges near the coast (Sayce and Roche 2015); the

species is more common in Oregon. Coyote brush (Baccharis pilularis) is also identified as
Threatened in Washington and found at Cape Disappointment, where it exists at the northern extent
of its range (Morrison et al. 2005).

Animals

Thirty-one animal species found in LEWTI are listed as Endangered, Threatened, Candidate, or
Sensitive (Table 2.3-2). Many listed species in LEWI have ranges that extend far outside park sites,
such as fish and birds, so may spend only short periods of their life cycle in the park.
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Table 2.3-2. Endangered, Threatened, Sensitive, and Candidate animal species in LEWI (compiled from multiple sources). Status codes: E =
Endangered; T = Threatened; C = Candidate; Co = Species of Concern (only reported at the Federal level for species that are also identified at

the State level); and S = Sensitive.

Group Scientific Name Common Name Federal Oregon Washington
Dicamptodon copei Cope’s giant salamander - S -
Amphibians Rhyacotriton kezeri Columbia torrent salamander - S -
Plethodon dunni Dunn’s salamander - - C
Rana aurora aurora Northern red-legged frog Co S -
Aechmophorus occidentalis Western grebe Co - C
Brachyramphus marmoratus Marbled murrelet T T T
Cerorhinca monocerata Rhinoceros auklet - S -
Charadrius alexandrinus nivosus | Western snowy plover T T E
Dryocopus pileatus Pileated woodpecker Co S C
Falco columbarius Merlin Co - C
Falco peregrinus Peregrine falcon Co - S
Birds Gavia immer Common loon Co - S
Haematopus bachmani Black oystercatcher - S
Haliaeetus leucocephalus* Bald eagle * T S
Pelecanus occidentalis . .
californicus* Brown pelican E E
Phalacrocorax penicillatus Brandt's cormorant - - C
Podiceps grisegena Red-necked grebe - S -
Progne subis Purple martin Co S C
Uria aalge Common murre - - C
Invertebrates Speyeria zerene hippolyta Oregon silver-spot butterfly T - E
) Acipenser medirostris Green sturgeon T - -
Fish Lampetra richardsoni Western brook lamprey - S -

* Delisted due to recovery
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Table 2.3-2 (continued). Endangered, Threatened, Sensitive, and Candidate animal species in LEWI (compiled from multiple sources). Status
codes: E = Endangered; T = Threatened; C = Candidate; Co = Species of Concern (only reported at the Federal level for species that are also
identified at the State level); and S = Sensitive.

Group Scientific Name Common Name Federal Oregon Washington
Oncorhynchus keta Chum salmon (Columbia River T S c
[ESU)
Oncorhynchus kisutch Coho salmon (Lower CR ESU) T E C
Oncorhynchus kisutch Coho salmon (Oregon Coast T : :
ESU)
Oncorhynchus mykiss Steelhead salmon (LCR ESUs) T S C
. Steelhead salmon (Middle
Oncorhynchus mykiss Columbia River ESU) T - C
Oncorhynchus mykiss Steelhead salmon (Snake River T _ c
ESU)
. Steelhead salmon (Upper
Fish Oncorhynchus mykiss Columbia River ESU) T C
(continued)
Oncorhynchus mykiss Steelhead salmon (Oregon Coast Co : :
ESU)
Oncorhynchus tshawytscha Chinook salmon (LCR ESU) T S C
Chinook salmon (Upper Columbia
Oncorhynchus tshawytscha River ESU, spring run) E - C
Chinook salmon (Upper
Oncorhynchus tshawytscha Willamette River ESU spring run) T - c
Chinook Salmon (Snake River
Oncorhynchus tshawytscha ESU, fall run) T T C
Chinook Salmon (Snake River
Oncorhynchus tshawytscha ESU, spring/summer run) T T C
Thaleichthys pacificus Eulachon T _ C
Lasiurus cinereus Hoary bat - S -
Mammals
Myotis californicus California myotis Co S -

* Delisted due to recovery
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Table 2.3-2 (continued). Endangered, Threatened, Sensitive, and Candidate animal species in LEWI (compiled from multiple sources). Status
codes: E = Endangered; T = Threatened; C = Candidate; Co = Species of Concern (only reported at the Federal level for species that are also
identified at the State level); and S = Sensitive.

Group Scientific Name Common Name Federal Oregon Washington
Mammals Myotis thysanodes Fringed myotis Co S -
(continued) Myotis volans Long-legged myotis Co S -

* Delisted due to recovery
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Invertebrates
The Oregon silverspot butterfly (Speyeria zerene hippolyta) has been extirpated from several
historical sites, and there are currently no self-sustaining populations in the area. A successful captive
breeding and recovery program is working to re-establish populations and this species was recently
reintroduced to Saddle Mountain State Natural Area. LEWI partners with the North Coast Land
Conservancy, the Institute for Applied Ecology, and the USFWS to test the effectiveness of different
site preparation treatments to recover the wildflower community to support a possible reintroduction
on the Clatsop Plains.

Birds
Marbled Murrelet

Marbled murrelets (“murrelets”) are small seabirds that forage at sea but nest in mature coniferous
forests from northern California to British Columbia. Murrelets travel a maximum of 20—40 mi (30—
60 km) inland (Hamer and Nelson 1995, NPS 2010a, 2011b) to nest, most often in western hemlock
and Sitka spruce stands with moderate canopy cover. The older forests of Cape Disappointment
provide suitable nesting habitat and WDFW biologists spotted murrelets in flight while surveying
near Middle Village-Station Camp (C. Cole pers. comm. 2016).

Northern Spotted Owl
Northern spotted owls are present in Clatsop County but are not known to nest in or near LEWI sites
(NPS 2010a, NPS 2011b), and there is no critical habitat nearby
(https://www.fws.gov/pacific/ecoservices/nso/northern%20oregon%20coast%20ranges.pdf).

Fish
Numerous alterations to hydrologic processes and habitats throughout the CRE have impacted many
fish species. The condition of most if not all salmon species in the CRE has declined, a situation
well-studied by many agencies, tribes, and stakeholders. Adult salmon are rare in LEWI estuaries or
rivers, but juvenile salmon require the kinds of habitat LEWI estuaries provide. Juvenile salmon are
discussed in Section 4.4 in relation to estuary condition, and non-salmonid fish are addressed in
Section 4.6.

Mammals
Fishers
Fishers (Pekania pennant), are small mustelids that were extirpated from western Oregon. The
species has been proposed for reintroduction, and some small portions of LEWI might provide
appropriate habitat (Halsey et al. 2015, Hiller 2015).

Elk
Roosevelt elk (Cervus canadensis roosevelti) have a strong connection to the history of the Lewis
and Clark Expedition. Their abundance along the Netul River was a key factor in the selection of
Fort Clatsop for the winter encampment. During their four months, the expedition shot 131 elk. Elk
not only provided a food source, but also provided tallow for candles, and hides for clothing and over
350 pairs of moccasins (Griffin et al. 2011). While Roosevelt elk were extirpated from other parts of
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Western Oregon, the herds around Fort Clatsop survived and were used to repopulate other areas of
the state. Elk are discussed further in Section 4.8

2.4. Relevant Regional and Landscape-scale Information

2.4.1. Disturbance

Wind storms are a major disturbance factor within LEWI. Other types of natural disturbances
(tsunamis, fires) are much less common but could have significant effects on resources depending on
where and when they occur. The increasing likelihood of severe storms in relation to climate change
is discussed in Section 4.2, and impacts of wind on forests in Section 4.5.

2.4.2. Shoreline erosion

The southwest coasts of Washington are structured by erosion and accretion. Beaches are fed by
sediments from the Columbia River basin and distributed by the river plume generally in a north-
northwestward direction in response to nearshore winds and currents (Hickey et al. 1998). In recent
decades the rate of accretion has slowed largely due to impoundment of those Columbia Basin
sediments behind dams throughout the basin.

An example of an area that is now experiencing substantial erosion is Cape Disappointment State
Park to the extent where beachside areas once targeted for campground construction have been
removed from the planning process due to erosion. Park managers have also decommissioned sewer
ponds because of fears that the ocean might erode into them. Researchers at Oregon State University
predict that by 2020, the shore areas for about six miles north of North Head may retreat between 100
and 300 meters

(http://www.beachapedia.org/State_of the Beach/State Reports/WA/Beach Erosion).

2.4.3. Adjacent landuse
The areas surrounding and adjacent to LEWI properties are a mix of protected open space, private

managed forests, and urban development. Landuse and habitat integrity are addressed in Section
4.11.

2.5. Primary Threats to Natural Resources

2.5.1. Invasive Plants

LEWI contains proportionally more noxious weeds and non-native vascular plant species (41%) than
expected based on the regional species pool. This calculation may be higher than expected due to
significant efforts by LEWI staff to locate and treat (and thus document) the presence and locations
of noxious weeds. In order to stabilize dunes, European beach grass (Ammophila arenaria),
American beach grass (4. breviligulata), Scotch broom (Cytisus scoparius) shore pine (Pinus
contorta var. contorta) and other non-native species were planted in the 1930s. While the planting of
these species helped stabilize the dunes, these and other non-native species now dominate in many
areas.

2.5.2. Invasive Animals
Approximately ten invasive animal species are known from LEWI (Table 2.3-3) Perhaps of most
concern is the New Zealand mud snail (NZM; Potamopyrugus antipodarum), a highly invasive
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aquatic invertebrate. NZM were first discovered in the Snake River, Idaho in the 1980s (Hall et al.
2006). Highly prolific in the absence of natural predators, NZM can reproduce rapidly and
infestations can permanently disrupt aquatic ecosystems (Levri et al. 2007, Bennett et al. 2015).
NZM are rapidly spreading throughout the western United States, have become established in rivers
in 10 western states and three national parks, and were first observed in the lower reaches of the
Columbia River in 1996 (Bersine et al. 2008).

Table 2.3-3. Key non-native animals found in or near LEWI (compiled from multiple sources).

Group Scientific Name Common Name
Potamopyrugus antipodarum New Zealand mud snail
Arion spp. European slug
Invertebrates Cipangopaludina chinensis Chinese mystery snail
Corbicula fluminea Asian clam
Cornu aspersum garden snail
Passer domesticus house sparrow
) Sturnus vulgaris European starling
Birds Molothrus ater brown-headed cowbird
Strix varia barred owl
Amphibians Lithobates catesbeianus bullfrog
Lepomis gibbosus pumpkinseed
Fish Micropterus salmoides largemouth bass
Perca flavescens yellow perch
Cyprinus sp. Asian carp
Didelphis virginiana virginia opossum
Mammals Myocastor coypus nutria
Rattus rattus black rat

2.6. Resource Stewardship
2.6.1. Management Directives, Planning Guidance and Research

General/Resource Plans

Resource Management Plan
Resource management plans have been produced since 1973, most recently in 1995. The primary
objectives for management include 1) re-creation of native plant communities where ecologically
feasible; 2) re-creation of traditional animal populations where ecologically feasible; 3) measuring
the impact of humans on the environment; and 4) monitoring the impact of humans on the
environment. The major resource management emphasis before the park’s expansion has been on
reforestation of the site to regain the forest canopy that Lewis and Clark described in their journals.
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General Management Plan
The park’s General Management Plan dates back to 1995, when the park was still only 125 acres. Its
preferred alternative included the expansion of the park to include the current boundaries of the Fort
Clatsop and Sunset Beach unit. It also called for forest management to return the “forest landscape
representative of that experienced by the Corps of Discovery” as well as wetland restoration
including the modification of dikes (NPS 1995). This general framework has been adopted in specific
restoration efforts.

Fire Management Plan
Published in 2011 (NPS 2011a), the primary objective of the fire program at LEWTI in relation to
natural resources is to apply prescribed fire to better understand regional ecosystems and their
relationship to historic fire, and investigate how fire can be used now to promote management goals.

Specific Resource/Restoration Efforts
e Otter Point Restoration Plan (NPS 2010b): see Section 4.4.
e Colewort Creek Wetland Restoration Plan (NPS 2012): see Section 4.4.
e Forest Restoration Plan (NPS 2011b): see Section 4.5.

2.6.2. Supporting Science

NPS Inventory and Monitoring Program
Climate, intertidal commnities, landbirds, landscape dynamics, elk, and forest vegetation are
currently monitored at LEWI (Weber et al. 2009).

2.6.3. Regional Partnerships

One of the management challenges for LEWI’s natural resources is the somewhat complicated
administrative and management structure. Management involves a complex of federal, state, and
local agencies, with park units spread along the Pacific Coast and on both sides of the mouth of the
Columbia River. It is thus important that NPS work with partners to achieve management goals and
protect resources.

In restoring former industrial timberlands, the NPS has learned from the experiences of The Nature
Conservancy at the Ellsworth Creek Preserve. The Northern Oregon Restoration Partnership is a
source of native trees and plants for park projects including forest restoration.

When working on estuarine restoration, the park has collaborated with a suite of partners including
the Columbia River Estuary Study Taskforce (CREST), Lower Columbia River Estuary Partnership
(LCREP), North Coast Watershed Association, the US Fish and Wildlife Service, the Oregon
Watershed Enhancement Board, Washington DOT, the Bonneville Power Administration, US Army
Corps of Engineers, and the Washington State Governor’s Salmon Recovery. Working with these
partners not only allows the park to tap into other funding sources, but it also expands the expertise
than can be brought to bear on these complicated projects from road engineers to fish biologists.

The park works on invasive species control with many landowners in the North Coast Cooperative
Weed Management Area including the North Coast Land Conservancy, Oregon State Parks, and
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Washington State Parks to share crews and expertise. And, as detailed above, these same agencies
along with the USFWS and the Institute for Applied Ecology (IAE) are working on silverspot
butterfly recovery.

Websites for these organizations are included following Section 2.7.
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Chapter 3. Study Approach

3.1. Preliminary Scoping

This project was conducted in two phases. First, the University of Washington (UW) School of
Forest Resources was selected by NPS as the collaborative partner. The Principle Investigative team
at the UW consisted of Jon Bakker, Kern Ewing, Tom Hinckley, Josh Lawler, and Sarah Reichard. A
group of graduate and undergraduate students was also part of the study team and a for-credit class
included as part of the student participation. The original intent was to complete a multi-park project
for Lewis and Clark National Historic Park (LEWI), Fort Vancouver National Historic Site (FOVA),
San Juan Island National Historic Park (SAJH) and Ebey’s Landing National Historic Reserve
(EBLA). A variety of limitations prevented completion of the NRCAs for SAJH and EBLA, and the
team moved ahead with LEWI and FOVA.

After a review of the draft NRCAs for LEWI and FOVA, the NPS determined that a partial
reorganization of resource topics and further editing was required. In addition, partly because the
project spanned a time period within which the NRCA guidelines were being updated, the UW
reports were delivered in a format that was inconsistent with the guidelines. As a result of the UW
team winding down, a second phase of the project was later initiated in 2017 to revise and update the
phase one reports. This second phase included a review and modification of the resource topics, re-
organization of the material into the required NPS NRCA report format, an extended literature search
for additional data and information to enhance the condition assessment of some of the parks'
resources, and additional writing and editing to update the report. This phase also enabled input from
new park staff who brought to light emerging issues and a re-emphasis on resources of current major
concern. The second phase was coordinated by Marsha Davis (NPS) and conducted by Cathy
Schwemm of the Institute for Wildlife Studies.

3.2. Study Design

3.2.1. Focal Study Resources

As mentioned in Chapter 2, this NRCA focused on units of LEWI with significant natural resources:
Clark’s Dismal Nitch, Middle Village — Station Camp, and Cape Disappointment State Park in
Washington, and Fort Clatsop, Sunset Beach State Recreation Area in Oregon. For some resources,
the nearby state parks of Fort Columbia State Park, Ecola State Park, and Fort Stevens State Park
were included. In addition, several coastal and riverine sites were included in the assessments for
Hydrology and Groundwater (Section 4.3), Estuaries (Section 4.4), Non-salmonid Fish (Section 4.6),
and Coastal Resources (Section 4.10).

In 2005, the NPS North Cascades Network’s Vital Signs program (Weber et al. 2009) identified the
following as important natural resource concerns at LEWI:

e Inventory of newly acquired lands;
e Restoration of natural resources and processes;
e Impacts of land-use practices outside of park boundaries and in Columbia River Estuary;

e Elk population status and future trends; and
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e Spread of terrestrial and aquatic non-native species.

During early conversations with the University of Washington team and NPS, and using the above
list as a starting point, the team identified 19 NPS focal resources as being of high or moderate
priority (Table 3.2-1).

Table 3.2-1. Initial identified LEWI focal resources place within the NPS Ecological Framework.

Level 1 Category LEWI Resource
Air Quality (Section 4.1)
Climate (4.2)

Air and Climate

Geology and Soils -

Water Freshwater (4.3)

Estuaries (4.4)

Forest Health and Disturbance (4.5)

Biological Integrity Non-salmonid Fish (4.6)
Amphibians (4.7)
Mammals (4.8)

Extent of Ecological System/Habitat Types

Ecosystem Pattern and

Land C iti
Processes andscape Composition

Landscape Pattern and Structure

Based on staff input, park documents, review of the Phase I report, and to be in compliance with the
revised NPS NRCA guidelines, the Phase II team developed the following list of resources for
assessment and assigned them the following sections in Chapter 4:

4.1. Air Quality

4.2. Climate

4.3. Freshwaters (Surface Hydrology, Groundwater Quantity, Surface and Groundwater Quality)
4.4. Estuaries and Juvenile Salmon

4.5. Forest Health and Disturbance

4.6. Non-salmonid Fish

4.7. Amphibians

4.8. Mammals

4.9. Natural Night Skies and Natural Quiet

4.10. Nearshore Physical Environments

4.11. Landuse and Habitat Connectivity

Though there was fairly significant re-organization of the information presented in the Phase I report,
much of the analyses and data presentations were retained in the Phase I document.

34



3.2.2. Indicators and Reference Conditions

For each priority resource the team identified multiple indicators of resource condition. In developing
the list of indicators and specific measures, the team considered the idealized guidance of Harwell et
al. (1999) and particularly Kershner et al. (2011): “Indicators are quantitative biological, chemical, or
physical measurements that reflect the structure, composition, or functioning of an ecological
system.”

For each indicator the team then attempted to define reference conditions against which present
conditions could be compared. A reference condition may be a historical condition (e.g., pre-
settlement land cover), an established ecological threshold (e.g., EPA standards for air quality), or a
targeted management goal or objective (e.g., 90% control of an invasive species for at least ten
years). In this project, the team mostly used the period of Lewis and Clark’s arrival (i.e. generally
pre-settlement, 1805—1806) as best as could be determined or surmised.

3.2.3. Ecological Framework

The team reviewed and considered several frameworks for organizing this NRCA, ultimately
deciding to generally follow the National Park Service Inventory and Monitoring Framework (Fancy
et al. 2009; Table 3.2-2).

Table 3.2-2. Focal natural resources of LEWI selected for assessment, presented within the NPS
Ecological Framework (Fancy et al. 2009).

Level 1 Category LEWI Resource Indicators
* Visibility
Air Quality (Section 4.1) * Nitrogen and Sulfur Deposition
Air and Climate * Ozone
T t
Climate (4.2) emperature
® Precipitation
Geology and Soils - -
* Surface Water Quality
® Surface Wat tity (st fl
Water Freshwater (4.3) urface Water Quantity (streamflow)

® Groundwater Quality

® Groundwater Quantity (levels)

® Physical Elements (sea level, tidal
processes)

® Biological Elements (absence of
Estuaries (4.4) non-native plants, absence of non-
native invertebrates)

Biological Integrity * Juvenile Salmon (presence/absence,

diversity)

* Demography and Structure
Forest Health and Disturbance (4.5) * Species Diversity

* Presence of Downed Wood
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Table 3.2-2 (continued). Focal natural resources of LEWI selected for assessment, presented within the
NPS Ecological Framework (Fancy et al. 2009).

Level 1 Category LEWI Resource Indicators

* Total abundance
Non-salmonid Fish (4.6) * Presence of key/rare species

* Absence of non-natives

iologi i * Diversit
Blologlcal Integrity Amphibians (4.7) iversity
(continued) * Presence/absence of Key Species

® Species diversity
Mammals (4.8) * Presence of carnivores

* Absence of non-native species

* Nighttime light
* Noise levels

Natural Night Skies and Natural Quiet (4.9)

® (QOcean acidification

. * Sea-level rise
Ecosystem Pattern and | Nearshore Marine (4.10)

® Sea surface temperatures
Processes P

* Large wave and storm frequency

® Land Cover
Landuse and Habitat Connectivity (4.11) * Road Density

® Impermeable Surfaces

3.2.4. Data and Methods

To identify relevant documents for review, the Phase I team began with a search and retrieval of
reports and information from the NPS bibliographic database (IRMA, Integrated Resource
Management Applications). The team augmented that database using online search engines (Web of
Science, Google Scholar) to identify newer publications as well as locating relevant documents
pertaining to the region surrounding the park, searching with phrases such as “Clatsop/Pacific
County,” “Columbia River Estuary,” and “Northwestern Oregon.” The team obtained complete
digital copies (PDFs) of many publications that reported relevant research results from the park and
surrounding region. The team then indexed all digital documents in an Excel spreadsheet so they
could be sorted by topic and year, and prioritized them for review.

In Phase II additional literature searches were conducted and new information, both published and
unpublished, obtained when possible. For example, in the period between Phase I and II, the
vegetation mapping effort for the park was completed (Kagan et al. 2012), providing extremely
valuable new information on vegetation resources. In addition a great deal of new information
beca.me available regarding climate change impacts and predicted future conditions.
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3.2.5. Reporting Areas

Because there are many disparate sites in LEWI that each have a unique suite of resources, it was
determined that assessments for most focal resources would be reported park-wide rather than by
watershed or management designation.

3.2.6. Condition Assessments
Per the NPS NRCA guidelines, each individual resource assessment includes the following elements:

3.2.6.1. Elements

Background
This section describes the resource and generally why it was selected for inclusion in the project.
This section also includes threatened or endangered status if appropriate, biological and ecological
descriptions and contexts, and relevance to the NPS mission. If known, threats to the resource or
process are included in this section.

Reference Conditions
The measures used to evaluate the condition of the resource are defined here. If no clear science-
based measures appear to exist and alternate evaluation methods were utilized, those are also
included. The absence of any valid reference is noted here if necessary.

Data and Methods
This section includes references to both existing data and methodologies as well as specific
assessment methods incorporated for the NRCA. Though NRCAs generally do not include data
collection and are based largely on compilations, syntheses, and new analyses of pre-existing
data, this report includes the development of two horizontal profiles, one using the Fort to Sea
Trail and the other traversing a major part of Cape Disappointment State Park, which are included
in the appendix.

Resource Condition and Trend
This section summarizes what is known about the resource in relation to described reference
conditions.

Level of Confidence
In some cases very little is known about the status of the resource and/or the conditions that should
be used to make the assessment, or both. This section evaluates the level of confidence the team had
in making the assessment.

Data Gaps and Research Needs
This section varies in length and scope. In some cases there are clear recommendations for further
research or data that would be needed to have a high confidence in making an assessment. For some
resources acquiring additional data is either not relevant or far outside the mandate of NPS managers
and scientists, and in those situations the section is omitted.

Sources of Expertise
Subject matter experts not identified elsewhere are listed here.
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Literature Cited
Each section is followed by a complete cited reference list. In addition, as part of the final product a
database of all references included in the full document will be delivered to NPS.

3.2.6.2. Condition Summaries

The described condition was then represented graphically using the symbols presented in Tables 3.2-
3 and 3.2-4 and according to NPS NRCA guidelines (https://www.nps.gov/orgs/1439/nrca-
guidance.htm). A brief descriptive summary of condition is provided at the beginning of each Section
in Chapter 4, and a summary for all resources discussed and presented graphically in Chapter 5 and

Figure 5.1-1.

Table 3.2-3. Indicator symbols used to indicate condition, trend, and confidence in the assessment.

Confidence in

Condition Status Trend in Condition Assessment
Resource is in Good e . .
Condition ﬁ Condition is Improving High
Resource warrants <:> Condition is Unchangin Medium
Moderate Concern ging

Resource warrants e I [ \
N Condition is Deteriorating ] Low
Significant Concern

Table 3.2-4. Example indicator symbols and descriptions of how to interpret them.

Symbol
Example | Description of Symbol
@ Resource is in good condition; its condition is improving; high confidence in the assessment.
Condition of resource warrants moderate concern; condition is unchanging; medium confidence in the
assessment.
Condition of resource warrants significant concern; trend in condition is unknown or not applicable;
low confidence in the assessment.
," ™, | current condition is unknown or indeterminate due to inadequate data, lack of reference value(s) for
1
(‘ )| comparative purposes, and/or insufficient expert knowledge to reach a more specific condition
*s.__-" | determination; trend in condition is unknown or not applicable; low confidence in the assessment.
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3.3. Project Challenges

This project was intended to result in NRCAs for four regional historical parks (EBLA, FOVA,
LEWI, and SAJH). However, time and resource limitations prevented the completion of the NRCAs
coincidentally, so each was completed individually. Also, much of the project funding was utilized
for graduate students, an approach that NPS has since determined to be largely unworkable.
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Chapter 4. Natural Resource Conditions

4.1. Air Quality and Air Quality Related Values

Air quality at LEWI is generally good to excellent, though visibility, nitrogen deposition and sulfur
deposition warrant moderate concern. The degree of confidence for all indicators is medium because
estimates are based on interpolated data from more distant monitors. No trends are apparent.

O

4.1.1. Background

Air quality is a fundamental resource of all units of the National Park System. It affects human health
and visitor enjoyment, and good air quality helps ensure the integrity of park resources and values.
To foster clean air in parks, the National Park Service (NPS) monitors air quality, assesses effects on
resources, communicates information about air quality issues; advises and consults with regulatory
agencies; partners with stakeholders to develop air pollution management strategies; and promotes
pollution prevention practices.

The 1977 Clean Air Act amendments identified 48 national parks as Class I areas, affording them
special air quality protection. All other NPS areas, including Lewis and Clark National Historical
Park (LEWI), are designated as Class II air quality areas. The NPS Organic Act, the Wilderness Act
and NPS 2006 Management Policies provide the basis for protection of air quality and air quality
related values in Class II areas. Air quality related values are resources sensitive to air pollution and
include visibility, lakes, streams, vegetation, soils, and wildlife.

Air Pollutants and Sources

There are many sources of air pollution; some are natural and some are anthropogenic, i.e., human-
caused. Air pollutants of concern include sulfur and nitrogen compounds, fine particulates, ground-
level ozone, and persistent bioaccumulative toxics, such as mercury. Potential effects include
visibility impairment; ozone-induced human health problems and damage to vegetation; aquatic and
terrestrial acidification and eutrophication; and neurological, respiratory, and other health issues
associated with exposure to toxins.

The NPS focuses on reducing the impact of anthropogenic pollution on park resources. Most human
activities, including manufacturing and industrial processes, agricultural practices, land disturbance,
and fossil fuel combustion, produce air pollution. Lewis and Clark National Historical Park is not
close to the region’s large cities and agricultural regions; however, ship traffic at the mouth of the
Columbia River is likely a major source of emissions for the area (Figure 4.1-1). Trans-Pacific
transport is also a significant source of air pollution to the west coast of North America (Yu et al.
2012).

The main source of sulfur pollution is coal combustion at power plants and industrial facilities.
Oxidized nitrogen compounds (i.e., nitrogen oxides) result from fuel combustion by vehicles, power

41



plants, and industry. Reduced nitrogen compounds (e.g., ammonia and ammonium) are the result of
agricultural activities, fire, and other sources. Ozone is formed when nitrogen oxides and volatile
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Figure 4.1-1. Public lands and air pollution sources in the Pacific Northwest. Triangles designate point
sources that emit greater than 100 tons per year of nitrogen oxides (Cummings et al. 2014).
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organic compounds emitted from vehicles, solvents, industry, and vegetation react in the atmosphere
in the presence of sunlight, usually during the warm summer months. Persistent bioaccumulative
toxics include heavy metals like mercury and organic compounds such as pesticides. Coal
combustion, incinerators, mining processes, and other industries emit mercury.

Visibility

Among the experiences that visitors to national parks treasure is enjoying the breathtaking scenery —
majestic mountains contrasted against a pure blue sky or a spectacular array of stars at night. Fine
particles in the atmosphere absorb or scatter light, causing haze, reducing visibility, and degrading
scenic views (Hand et al. 2011). Visibility-impairing particles include anthropogenic pollutants as
well as natural compounds like soil and sea salt aerosols. Fine particles are also a significant concern
for human health because they lodge deep in the lungs and can cause respiratory problems (Dockery
2009).

Ozone

Ozone is a respiratory irritant that can trigger a variety of human health problems including chest
pain, coughing, throat irritation, and congestion. Ozone also affects vegetation, causing significant
harm to sensitive plant species (EPA 2014). Ozone enters plants through leaf openings called stomata
and oxidizes plant tissue, causing visible injury (e.g., stipple and chlorosis) and growth effects (e.g.,
premature leaf loss; reduced photosynthesis; and reduced leaf, root, and total size).

Nitrogen and Sulfur Deposition

Airborne pollutants are eventually deposited through either wet deposition (i.e., rain, snow, clouds,
and fog) or dry deposition (i.e., particles and gases) onto vegetation, soils, streams, and lakes. Sulfur
and nitrogen deposition can have a significant effect on natural systems, and nitrogen is of particular

concern in the western U.S. where many ecosystems are nitrogen-limited. Over time, excess nitrogen
deposition alters biodiversity and plant and soil chemistry, with cascading effects through ecosystems
(Cummings et al. 2014). Excess nitrogen deposition also leads to increased nitrate leaching to water
bodies, where it can cause eutrophication, acidification, or dead zones.

The NPS, other land managers, and the U.S. Environmental Protection Agency (“EPA”) use critical
loads to determine the threshold for ecosystem sensitivity to nitrogen deposition. A critical load is
technically defined as “...the quantitative estimate of an exposure to one or more pollutants below
which significant harmful effects on specified sensitive elements of the environment are not expected
to occur according to present knowledge.” (Nilsson and Grennfelt 1988). Critical loads are typically
expressed in terms of kilograms per hectare per year (kg ha™' yr'') of wet or total (wet plus dry)
deposition. Critical loads can be developed for a variety of ecosystem responses, including shifts in
aquatic plankton or terrestrial lichen and plant species, changes in soil chemistry, and lake and stream
acidification. In general, as nitrogen deposition increases, additional resources are affected and
ecological effects become more pronounced (Cummings et al. 2014; Figure 4.1-2). The goal of the
NPS is to limit nitrogen deposition to levels that do not exceed the minimum critical load for a park’s
most sensitive resources.
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Figure 4.1-2. Cumulative potential adverse ecological effects associated with atmospheric nitrogen
deposition in the Pacific Northwest. The reliability assessments are as follows: High Certainty when a
number of published papers of various studies show comparable results, Medium Certainty when the
results of some studies are comparable, and Low Certainty when very few or no data are available in the
Pacific Northwest so the applicability is based on expert judgment (Cummings et al. 2014).

Persistent Bioaccumulative Toxins
Persistent bioaccumulative toxins consist of heavy metals such as mercury, current and historic use
pesticides, industrial chemicals, and by-products of fuel combustion. Concerns mainly pertain to

impacts on humans and wildlife. Effects vary with the type of pollutant, but include declines in
reproductive success, growth, and neurological function, and increased disease susceptibility
(Landers et al. 2008).

4.1.2. Reference Conditions

Benchmarks were established based on regulatory standards, natural visibility goals, and ecological
thresholds. Values estimated for each park were compared to ARD benchmarks for specific measures
of ozone, visibility, and atmospheric deposition (Table 4.1-1).
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Table 4.1-1. Indicators and specific measures for air quality condition assessments (NPS 2017).

Indicator Specific Measure

Visibility Visibility on mid-range days minus natural visibility condition on mid-range days
Human health: 4th-highest daily maximum 8-hour concentration

Ozone Vegetation health: 3-month maximum 12-hour W126*

Deposition Sulfur wet deposition

Nitrogen wet deposition

*The W126 is based on a cumulative sum of hourly ozone concentrations during a rolling 3-month period, where
the hourly values are weighted according to their magnitude.

Visibility

Visibility conditions and trends are expressed in terms of a haze index which correlates incremental
changes in haziness to corresponding changes in perceived visibility. The haze index is reported in
deciviews (dv). The dv scale is near zero for a pristine atmosphere and increases as visibility
degrades. The ARD’s condition assessments are based on estimated average visibility on mid-range
days (40th to 60th percentile) minus the estimated natural visibility on mid-range days (NPS 2017).
The estimated value is compared to ARD benchmarks (Table 4.1-2). The difference between
estimated current conditions and estimated natural visibility represents the human contribution to
visibility impairment.

Table 4.1-2. Benchmarks for visibility condition (NPS 2015).

Visibility
Category (dv)
Warrants significant concern >8
Warrants moderate concern 2-8
Resource is in good condition <2

Ozone

The ARD’s condition assessments for human health risk from ozone are directly related to EPA’s
primary National Ambient Air Quality Standard of a 4th-highest daily maximum 8-hour ozone
concentration of 75 parts per billion (ppb; NPS 2015). Note that EPA lowered the primary standard
to 70 ppb in late 2015, but ARD had not yet revised its condition assessment to reflect the lower
number. The maximum estimated ozone concentration at a park is compared against ARD
benchmarks (Table 4.1-3).

Although the primary National Ambient Air Quality Standard is not a good predictor of vegetation
response to ozone, EPA has not set a secondary standard that focuses on vegetation. However, in its
recent policy assessment of the ozone standards, EPA discussed use of the W126 to assess plant
response (EPA 2014). The W126 preferentially weights the higher ozone concentrations most likely
to affect plants and sums all of the weighted concentrations during daylight hours. The highest 3-
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month period that occurs during the growing season is reported in parts per million-hours (ppm-hrs).
Based on the information from EPA, research indicates for a W126 value of:

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

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

Table 4.1-3. Benchmarks for human health condition for ozone (NPS 2015).

Ozone concentration*
Category (ppb)
Warrants significant concern 276
Warrants moderate concern 61-75
Resource is in good condition <60

* Estimated or measured 5-year average of annual 4th-highest daily maximum 8-hour concentration

The ARD compares maximum calculated W126 values at a park to benchmarks tied to the research
results to assess vegetation condition related to ozone (NPS 2017, Table 4.1-4).

Table 4.1-4. Benchmarks for vegetation condition for ozone (NPS 2017).

Ozone concentration*
Category (ppm-hrs)
Warrants significant concern >13
Warrants moderate concern 7-13
Resource is in good condition <7

* Estimated or measured 5-year average of the maximum 3-month 12-hour W126 concentration

Nitrogen and Sulfur Deposition

The ARD’s condition assessments for nitrogen and sulfur deposition are based on wet deposition
only, rather than total deposition, because the evaluation relies on data collected through the 250-plus
National Atmospheric Deposition Program-National Trends Network (NADP-NTN) monitoring sites
in the United States. Wet deposition is calculated by multiplying nitrogen or sulfur concentrations in
precipitation by normalized precipitation amounts (NPS 2017). A park’s maximum calculated
deposition is then compared to benchmarks based on the results of studies that related the amount of

atmospheric deposition to aquatic ecosystem health (Table 4.1-5). If a park is considered very highly
sensitive to acidification or nitrogen nutrient enrichment relative to other Inventory and Monitoring
parks, the condition is adjusted to the next worse condition category.

Table 4.1-5. Benchmarks for nitrogen and sulfur deposition condition (NPS 2017).

Deposition
Category (kilograms hectare™ year™")
Warrants significant concern >3
Warrants moderate concern 1-3
Resource is in good condition <1
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Persistent Bioaccumulative Toxins

Benchmarks for persistent bioaccumulative toxins vary depending on the type of pollutant. At LEWI,
mercury has been monitored through the Dragonfly Mercury Project in 2015 to 2018
(https://www.nps.gov/articles/dragonfly-mercury-project.htm). Benchmarks for this data are still being
developed, but early analysis indicates less than 315 ppb (dry weight) are likely to be in the lowest
risk category for fish that prey on dragonflies (Eagles-Smith et al. 2018).

4.1.3. Data and Methods

This air quality assessment used the methods developed by the NPS Air Resources Division (ARD)
for a consistent Service-wide approach to evaluating conditions and trends in visibility, ozone, and
deposition at NPS units throughout the continental U.S. (Taylor 2017). In brief, data collected by
federal, state, and local monitoring networks were evaluated with an Inverse Distance Weighted
interpolation method to estimate air quality conditions for parks. Even though the data were derived
from all available monitors, data from the closest stations to a park “outweighed” the rest. The
estimates were based on the most recent 5-year averages, and the values in each park were compared
to ARD benchmarks for specific measures of ozone, visibility, and atmospheric deposition
(referenced above). Benchmarks were established based on regulatory standards, natural visibility
goals, and ecological thresholds.

The ARD calculates short-term trends from data collected over a 10-year period at on-site or nearby
representative monitors, where available. Because these data are not available for LEWI, visibility,
ozone, and deposition trends were not calculated for the park.

The evaluation of nitrogen critical loads for LEWI used the results from ARD’s Critical Loads and
Estimated Exceedances website (NPS 2016a). The methods followed the approach described in
Pardo et al. (2011), which recommended a range of critical load values for each of the Level 1
ecoregions identified in the ecosystem classification system developed through the Commission for
Environmental Cooperation for North America (Commission for Environmental Cooperation 1997).
Lewis and Clark National Historical Park is located in the Marine West Coast Forests ecoregion, and
critical loads have been identified for three out of five terrestrial ecosystem components in that
ecoregion: forests (i.e., trees and soils), lichen and bryophytes, and mycorrhizal fungi. Critical loads
were compared to estimated total nitrogen deposition to identify possible exceedances. An
exceedance suggests increased potential of ecological harm.

This report also uses data collected by students and park staff as part of the Dragonfly Mercury
Project, a partnership between the National Park Service, the United States Geological Survey
(USGS), the University of Maine, and other entities. More than 90 parks participated in 2017.

4.1.4. Resource Condition and Trend
The ARD’s Air Quality Condition and Trends website (NPS 2016b) provides information on
visibility, ozone, and deposition for LEWI based on 2009-2013 data.
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Visibility

Estimated average visibility on mid-range days at LEWI was 9.1 dv. Subtracting the park’s estimated
natural visibility of 5.0 dv on mid-range days, the assumed contribution from human-caused haze
was 4.1 dv. Compared to ARD’s benchmarks, visibility at LEWI warranted moderate concern.

Ozone

The 4th-highest daily maximum 8-hour ozone concentration for LEWI was 56.5 ppb, which is well
below both the former primary National Ambient Air Quality Standard of 75 ppb as well as the new
70 ppb value. The maximum 3-month 12-hour W126 was 1.9 ppm-hrs, which is much lower than
levels known to harm vegetation, i.e., 7-13 ppm-hrs. Compared to ARD benchmarks for ozone,
human health and vegetation were in good condition. Kohut (2004) assessed the risk of ozone-
induced foliar injury at all Inventory and Monitoring parks based on species sensitivity, ozone
concentrations, and soil moisture (which influences ozone uptake). He concluded there was low risk
of ozone injury at LEWI.

Deposition
Estimated wet nitrogen deposition at LEWI was 1.9 kg ha™' yr™!. Compared to ARD deposition

benchmarks, this level indicates nitrogen deposition was of moderate concern. Estimated sensitivity
to nitrogen nutrient enrichment ranked moderate at LEWI relative to all Inventory and Monitoring
parks (Sullivan 2016). Estimated wet sulfur deposition at the park was 1.4 kg ha' yr!, a level that
indicated moderate concern compared to ARD deposition benchmarks. Lewis and Clark National
Historical Park was ranked as having low sensitivity to acidification relative to other Inventory and
Monitoring parks (Sullivan 2016). Based on the estimated 2010-2012 total average nitrogen
deposition at LEWI of 3.7 kg ha ' yr!, the minimum nitrogen critical load for lichens and
bryophytes may be exceeded at the park (Table 4.1-6). However, the presence of Usnea longissimi in
the Visitor Center parking lot, a lichen that is known to be susceptible to airborne pollutants, suggests
air quality at that location is in good condition.

Table 4.1-6. Estimated 2010-2012 three-year average total (i.e., NADP-NTN monitored wet plus
modeled dry) nitrogen deposition and minimum critical loads for five terrestrial ecosystem components in
the Marine West Coast Forests ecoregion at Lewis and Clark National Historical Park (NPS 2016a).

Ecosystem Component Kg/halyr
Total Nitrogen Deposition 3.7
Forests* 5.0
Herbaceous Plants and Shrubs NA
Lichens and Bryophytes 2.7
Mycorrhizal Fungi 5.0
Nitrate Leaching NA

*Trees and soils
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Persistent Bioaccumulative Toxins
The Dragonfly Mercury Project has published two years of data from Lewis and Clark NHP (Eagles-
Smith et al. 2018; Table 4.1-7).

Table 4.1-7. Mean concentration of total mercury in dragonfly larvae, ppw dry weight (Eagles-Smith et al.
2018).

Location 2015 2016
Kwis Kwis Pond* 82 108
Sunset Beach 50 104
Yeon 17 37

* Located in the Fort Clatsop Unit.

4.1.5. Level of Confidence
Medium

4.1.6. Data Gaps and Research Needs

Lichen community studies would corroborate if nitrogen critical loads have been exceeded at LEWI.
In addition, fertilization studies could be conducted in nitrogen-sensitive ecosystems, such as
wetlands, to assess plant species’ response to increased deposition.

It is not clear how climate change will affect air pollution levels and effects on air quality related
values at LEWI. Changes in precipitation amount and timing could affect deposition of sulfur,
nitrogen, and persistent bioaccumulative toxics. Increased temperature and changes in precipitation
patterns could enhance nitrogen deposition-associated effects on plant biodiversity and nutrient
cycling in ecosystems (Cummings et al. 2014). Changes in agricultural practices in response to
weather patterns or pests could result in additional pesticide deposition at LEWI. Increased
summertime temperatures may lead to higher ozone levels (EPA 2009).

Data indicate that Tran-Pacific air pollution is increasing (Lin et al. 2014). While there are
encouraging reports recently that China is taking steps to reduce emissions, it is unclear the degree to
which these changes will resolve concerns across all air pollutants, and whether other nations upwind
of LEWI will also strengthen emission controls.

Potential coal, gas, and oil terminals along the Columbia River could lead to increases in vessel
traffic with high particulate matter and gaseous emissions (Mueller et al. 2011). Environmental
Impact Studies for these projects should address potential air quality impacts to park resources from
vessels in transit.

4.1.7. Sources of Expertise
For current air quality data and information for this park, please visit the NPS Air Resources Division
website at www.nps.gov/subjects/air/index.htm
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4.2. Climate

Given that the climate is changing rapidly from conditions to which organisms and biological
systems have adapted, the condition of this resource is poor. The trend is declining, and confidence in
this assessment is high.

O

4.2.1. Background

Climate change is affecting natural resources and processes in national parks across the country at an
increasing rate. Data show that changes in temperature and precipitation are accelerating, and all
models predict future increases in the rates of change if CO 2 emissions are not significantly and
rapidly reduced (Weaver et al. 2007, Ashfaq et al. 2013, IPCC 2014). At present there is no credible
scientific disagreement that climate warming is driven primarily by human activities (Abatzoglou et
al. 2014, Wuebbles et al. 2017).

Climate change is a strong force that will require species, populations, and physical processes to
respond rapidly to environmental conditions to which they are largely unadapted (Corlett and
Westcott 2013). To protect and preserve resources in this scenario will require immense effort (e.g.
van Riper et al. 2014). The National Park Service (NPS) recognizes that climate change presents an
enormous challenge for natural resource managers (Saunders et al. 2007, NPS 2010, Whittington et
al. 2013).

Regional Climate

Temperatures at the mouth of the Columbia River are moderated by the effects of the ocean (OCCIR
2012). Low temperatures occasionally reach freezing and below, for example in 2011 there were
several periods where temperatures were in the low 20s°F (—7°C) and snowfall occurred (Lofgren
and Huff 2013). High temperatures are generally less than 70°F (21°C) but can reach into the 80s
(27°C; Lofgren and Huff 2013). The mean maximum August temperature at Astoria airport (AST,
approx. 2 mi/3 km from Fort Clatsop from 1953-2015 was 69°F (21°C) and the mean minimum
temperature 37°F (13°C; https://www.ncdc.noaa.gov/).

Most precipitation in the region arrives as rainfall brought by Pacific storms between October and
April (OCCRI 2012). At AST average annual rainfall was 69 in (175 cm) from 1953-2014 (Western
Regional Climate Center [WRCC]). Snowfall is rare; during the same period there was an average of
4.2 in (10.7 cm) of snow per year. Summers are mostly dry, though fog is common (Oregon Climate
Service, http://ocs.oregonstate.edu/. Precipitation amounts vary between watersheds, for example the
Colewort Creek watershed receives approximately 80 in (202 cm)/year, while the Megler Creek
watershed receives approximately 100 in (256 cm)/year.

Pacific Decadal Oscillation
The Pacific Decadal Oscillation (PDO) is a pattern of inter-decadal climate variability characterized
by large-scale changes in sea surface temperatures, sea level pressure and wind patterns in the Pacific

Ocean (Newman et al. 2016). It is a dynamic ocean-atmosphere coupled climate phenomenon. The
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PDO has warm (positive) and cool (negative) phases, each of which are currently thought to last for
up to a few decades before transitioning from one to the other.

The El Nino Southern Oscillation (ENSO) describes the part of the coupled system’s interaction
between the ocean and atmosphere in the tropical latitudes in the Pacific Ocean, especially the
eastern and central part, which consequently influence climate variations at higher latitudes in the
Americas. ENSO transitions in a shorter, quasi-periodic variation between three phases: warm
(positive; El Nino), cold (negative; La Nina) and neutral. In recent decades ENSO has been identified
as one of the primary drivers of climate in the PNW (Abatzoglou et al. 2014). Though very relevant
to an assessment of climate in the PNW, ENSO is a complex process that will not be described
further in this assessment; for more information the reader is referred to Mantua and Hare (2002) and
Newman et al. (2016).

4.2.2. Reference Conditions

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

4.2.3. Data and Methods

The North Coast and Cascades Network (NCCN) reports climate data (primarily precipitation and
temperature) collected at LEWI from four partner stations—three in Oregon and one in Washington
(Lofgren and Huff 2013). The National Climate Data Center (NCDC) maintains temperature and
precipitation records for these stations that are available online for Fort Clatsop (beginning in 1998
and ending in 2017), Astoria airport (1953), Seaside (1930), and Long Beach, WA experimental
station (1967; (www.ncdc.noaa.gov). Long-term climate analyses using multiple temperature and
precipitation variables for many national park units were compiled by Monahan and Fisichelli (2014)
with methods described therein.

Changes in daily mean temperature at LEWI from 1977 to 2006 were analyzed using the publicly
available CRU TS 2.1 monthly climate dataset (Mitchell and Jones 2005; http://www.cru.uea.ac.uk/).
This dataset spans the period from 1901-2002, and covers the global land surface at a 0.5-degree
spatial resolution (i.e., grid cells are approximately 50 x 50 km, depending on latitude). Climate data
were downscaled to 4-km resolution by the PRISM (Parameter-elevation Regressions on Independent
Slopes Model) Climate Mapping Program (Gibson et al. 2002; http://www.prism.oregonstate.edu/).
Data were then downscaled to assess trends in mean annual temperatures and seasonal temperatures
(winter: December—February; spring: March—May; summer: June—August; autumn: September—
November).

Trends were analyzed using restricted maximum likelihood estimation assuming an AR1 time-series
pattern in the residuals. Calculations were done using a generalized least squares method of the nlme
contributed package to the R statistical software (Pinheiro et al. 2008, R-project: https://www.r-
project.org/). The trend analysis was run for every grid cell that overlapped the park, and the trends
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were then averaged across all of these grid cells. All analyses were done using ClimateWizard, a tool
jointly developed by the UW, University of Southern Mississippi, and TNC
(www.climatewizard.org/; Girvetz et al. 2009).

The potential future threat of climate change was assessed using climate simulations from 16
different general circulation models (GCMs) run for a mid-high (SRES A2) emissions scenario.
These climate simulations were downscaled to a 12-km grid (Maurer et al. 2007), and projected
changes in average annual temperature, total annual precipitation, and seasonal precipitation were
summarized. Climatic conditions averaged over a historical thirty-year period (1961-1990) were
compared to those averaged from 2070-2099. The original climate projections were taken from the
World Climate Research Programme’s (WCRP’s) Coupled Model Intercomparison Project phase 3
(CMIP3) multi-model dataset, downscaled by the Lawrence Livermore National Laboratory (LLNL),
Reclamation, and Santa Clara University, and are stored and served at the LLNL Green Data Oasis.

4.2.4. Resource Condition and Trend

Temperature
Average temperatures in the region have increased minimally (approx. 1.3°F/0.7°C) in the last

century (OCCRI 2012, Abatzoglou et al. 2014, Mote et al. 2014, NCA 2014)(Figure 4.2-1). Nearly
all models predict continued increasing regional temperatures over coming decades, though changes
will not be nearly as great as they will be in places such as the southwestern US (England et al.
2015). Models used by the IPCC (2014) suggest temperature increases over averages from 1970—
1999 of 2.0°F/1.1°C to as high as 9.7°F/5.4°C, depending on models applied, by the end of the
century (Mote and Salathe Jr. 2010, Mote et al. 2014).

Regionally, temperatures will increase most in the summer, resulting in longer growing periods
(Abatzoglou et al. 2014, Mote et al. 2014). For this assessment no significant trend was found for
average annual temperatures at LEWI from 1977-2006 or in average seasonal temperatures

(Table 4.2-1). Depending on the GCM model applied, temperatures at LEWTI are projected to rise
from between 2.2°F (1.2 °C) to 6.7°F (3.7°C) by the end of this century, with summer temperatures
increases being relatively greater than other seasons. Global climate models project increases in
average annual temperature in the Pacific Northwest of 1.1°C (2.0°F) by the 2020s, 1.8°C (3.2°F) by
the 2040s, and 5.3°F (2.9°C) by the 2080s (CIG 2009).
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Figure 4.2-1. Trends in average annual temperature at LEWI from 1977-2006. Circles are average
annual temperatures, the blue line is a five-year moving average, and the red line is a trend line fit with

restricted maximum likelihood estimation assuming an AR1 time-series pattern in the residuals. Note that

this trend line is not statistically significant (P > 0.05)(this study).

Table 4.2-1. Historical (1961-1990), recent (1977—-2006), and projected future (2070-2099) temperature

and precipitation at LEWI. Historical and recent data are from the Astoria Airport weather station. W =
Winter (Dec—Feb); Sp = Spring (Mar—-May); Su = Summer (June—Aug); F = Fall (Sept-Nov). Future

temperature and precipitation were calculated by applying the median projected changes (see text for
details) to the historical data; they therefore are not directly comparable to the historical and recent data
but are provided for comparison.

Temperature or

Precipitation Time Period Annual w Sp Su F
Historic (1961-1990) | 50.9/10.5 | 42.8/6.0 | 48.6/9.2 | 59.4/152 | 52.7/1.5

Mean Temperature | Recent (1977—2006) 5.4/10.8 43.7/6.5 49.6/9.8 59.5/15.3 52.7/11.5

or /o

e ng%%cigggggure 56.3113.5 | 47.7/8.7 | 52.5/11.4 | 66.2/19.0 | 56.7/13.7
Historic 66.4/168.7 | 28.1/71.5 | 14.7/37.3 | 49124 | 1871475

gg}:r'n?re"ipita“o” Recent 66.5/169.0 | 27.1/68.8 | 15.7/39.9 | 4.7/12.0 | 19.048.4
Projected future 72.0/183.0 | 31.379.6 | 157/39.9 | 3077 | 198504
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Precipitation
Long-term changes in average precipitation have not yet been detected in the PNW (Oregon Climate

Change Research Institute [OCCRI] 2012, Mote et al. 2014, NCA 2014). Change predictions for the
northwestern portion of Oregon indicate a possible decline of up to 20% under some emission
scenarios, though estimates range from an increase of 23% to this minimum (Mote et al. 2014,
Retallack et al. 2016). Though there is uncertainty regarding changes in annual precipitation, nearly
all models predict that the seasonal distribution of precipitation will change, with greater relative
change occurring in winter and less in summer (Mote et al. 2014, Retallack et al. 2016). An
important result of changes in seasonal patterns with significant ecological implications is much
earlier spring snowmelt (Vano et al. 2015). Storm intensity (water volume/time) is predicted to
increase in the PN'W, particularly in the summer, and in fact increases in intensity have been detected
for the greater Portland, OR region during the period 1999-2015 (Cooley and Chang 2017).

Gonzales et al. (2018) found a 17% per century decline in precipitation at the park from 1950-2010,
but this trend was not statistically significant (p>.05). They forecast an increase in precipitation
ranging from 3% to 5% by 2100.

4.2.5. Level of Confidence
For past and current conditions — high. For future trends — moderate to high.

4.2.6. Data Gaps and Research Needs
NPS faces many social challenges in responding to climate change, including budget constraints,

uncertainty regarding agency priorities, and the vagaries of public perception and awareness (Archie
et al. 2012, NPS 2015).

There is also an acknowledged need by climate scientists for downscaled ecologic information
regarding short and long-term responses to climate change for most if not all species and systems of
interest (Parmesan 2006, van Riper et al. 2014). In response, managers need specific direction to
mitigate for climate change, and funding resources to implement resource protections (Cross et al.
2013).
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4.3. Freshwater Resources

Freshwater resources in LEWI appear to be in moderate condition but there are very few current data
available. Streamflow conditions are generally unknown and may be of concern in relation to
possible changes in precipitation patterns related to climate change and potential withdrawals from
the Lewis and Clark River. Groundwater quantity appears good, but groundwater quality is of
concern. There are no detectable trends and overall confidence is low.

4.3.1. Background

Water and hydrologic processes are fundamental to all natural resources at LEWI. Abundant rainfall,
the influences of the Columbia River, and marine inputs are all drivers of and impact LEWI
ecosystems. Nearly all LEWTI sites are located at or very near the terminus of their respective
watersheds, a situation which puts park resources at risk from upstream inputs (NPS 1994, NPS
2000, Pringle 2001, EPA 2009, LCEP 2012). LEWI sites are further impacted by natural and human
activities that occur in the massive Columbia Basin (~260,000 mi*/673,400 km?) as the river carries
thousands of tons of material to the Columbia River Estuary (CRE) each year (Wise et al. 2007,
Alvarez et al. 2014).

Lewis and Clark intuitively understood the connection between rivers and upland resources (Moody
et al. 2003), and science has since shown that hydrologic connectivity is a critical component of
functioning ecosystems (Kondolf et al. 2006, Olson and Burnett 2009, Heino 2013). Unimpeded
connections between upland rivers, tributaries, and the ocean are essential for the survival of
anadromous fish populations (Gaydos et al. 2008, Roegner et al. 2008, Fullerton et al. 2010) and
facilitates the transportation of nutrients and propagules of many organisms (seeds, eggs; Moggridge
et al. 2009, Acreman et al. 2014). In addition to linear connections, floodplain processes—where
flood waters periodically travel laterally to inundate lands above and outside regular water courses—
are often necessary for maintaining riparian communities (Thomas 2003).

The integrity of streams and rivers has been highly altered by human activities around the world
(Friberg 2014). Along the Pacific Northwest coast logging, specifically, but also other upstream
impacts have increased erosion and altered hydrologic processes and riparian habitat integrity
(Moore and Wondzell 2005, Kaufmann and Hughes 2006, Alberti et al. 2007). Impeding natural river
flow through dams and diversions has had numerous and devastating impacts on salmon populations
throughout the region (Lackey 2003, Sheer and Steel 2006).

The Hydrologic resources at LEWI of primary concern are surface water hydrology (streamflow),
surface water quality, groundwater quantity, and groundwater quality. Estuaries are addressed
separately in Section 4.4.

Streamflow and Connectivity

The minimum amount of water needed in a moving body of water to support native ecosystems,
processes, and species and recently been termed “environmental flow” (Poff and Matthews 2013).
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The practice of diverting water from a stream or river for human use has likely had a greater negative
impact on riparian ecosystems than any other factor (Bunn and Arthington 2002, Arthington 2012).
For example, withdrawals of water primarily for irrigation throughout the Columbia River Basin are
estimated to have reduced tributary flow to the main river by approximately 7% since the beginning
of the 20" century (Jay et al. 2016).

The primary rivers that flow through LEWI sites in Oregon before entering the Columbia are the
Lewis and Clark river (21 mi/34 km long) and the Skipanon River (7 mi/11 km long). For the Fort
Clatsop unit, surface water consists of the tidally-influenced Lewis and Clark River, low-gradient
brackish sloughs, freshwater ponds, and small fresh water streams (e.g., Alder and Perkins Creeks)
and springs. The Megler Creek watershed feeds Dismal Nitch in Washington

Groundwater Quantity

Significant freshwater resources also exist in bedrock aquifers beneath LEWI lands (Sytsma 2005).
In Oregon, groundwater is recharged primarily by precipitation rather than upland surface runoff and
quantities thus vary according to season (NPS 1994, Cole and ODEQ 2004). In many areas beneath
LEWTI sites the groundwater resource is very near the surface (<100 ft/ 30 m), resulting in springs
and lakes that are directly connected to subsurface waters (McFarland 1983, NPS 1994, Nielsen
2004, Sytsma 2005, ESA 2014). In particular, the Clatsop Plains is characterized by connectivity
between groundwater and surface water dynamics and quality

(http://or.water.usgs.gov/pubs/Online/Html/WSP2425/), and these connections have implications for
surface resources (Winter et al. 1998). In general, the subsurface waters of the northern Coast Range
are considered one continuous aquifer

The upper part of the aquifer beneath the Long Beach Peninsula is comprised of dune sand and
marine sand, and reaches a depth of approximately 200 ft (60 m; McFarland 1983). Beneath the sand
is a clay zone of reduced permeability, and below that is a deep aquifer that extends to bedrock at
about 700 ft (210 m). Mean annual precipitation is about 70 in (170 cm) in Astoria, and potential
recharge varies from 50-70 in (127—178 cm) per year. Recharge in beach sands is high compared to
the rest of the county, even though rainfall may be lower; the terrain is flat and the soil is highly
permeable until saturated (McFarland 1983).

Surface Water Quality

Upstream factors that are known to impact water quality at LEWI sites include upstream water
discharges, herbicide, pesticide and stormwater runoff, timber harvesting, mining, and road
construction (Klinger et al. 2007, NPS 2000, NMFS 2011, LCEP 2012, Welch and Rawhouser 2017).
While timber activities were historically a primary stressor on water quality in LEWI sites (NPS
1994), these impacts have been greatly reduced in the past several decades. Aerial application of
herbicides containing glyphosates such as Roundup®, a practice less regulated in Oregon than in
other west coast states, can have multiple and cumulative effects on water quality and aquatic
organisms (Vera et al. 2010, Battaglin et al. 2014). Emerging contaminants are pharmaceuticals that
include hormones and chemicals that can be harmful to humans and wildlife. These materials are
introduced into the watershed via septic systems and improper disposal and can accumulate in
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organic tissues, particularly in estuaries where compounds can precipitate in to sediments (Nilsen et
al. 2014, Granek et al. 2016).

Toxic materials in surface waters affect both humans and wildlife, for example, fish in the lower
portion of the Columbia River tend to have higher toxic concentrations than those in higher reaches
(LCEP 2012, Nilsen and Morace 2014). Klinger et al. (2007) presented a thorough summarization of
water quality data and conditions through (approximately) 2006 and included a description of the
NPS 2000 report. This assessment provides information available after the period covered in Klinger
et al. (2007).

Groundwater Quality
Groundwater quality can be degraded by almost any material that enters the surface layer of the

earth. One common source of pollution to groundwater is leachate (material that percolates through
soil) from landfills and poorly managed waste systems. Septic systems, particularly those that are
overloaded, sited on porous soils and/or placed too close to wells can leak into groundwater reserves.
Underground storage tanks may also leak material in to the groundwater system. Agricultural practices,
particularly the use of herbicides and pesticides and feedlot runoff are primary sources of groundwater
pollution in many areas (Spalding and Exner 1993, Mahar and Datta 2000, Randall et al. 2008,
Domagalski et al. 2008).

4.3.2. Reference Conditions

Streamflow and Connectivity

Watershed connectivity and hydrologic processes from upstream to downstream park sites should not
be impeded, and there should be no barriers to fish movements. Floodplain processes should be in
place and functioning.

Groundwater Quantity
Groundwater should continue to supply springs and ephemeral surface lakes. Well levels should
show no decreasing trends. One historic study estimated wells in the Coast Range of Oregon

generally yielded less than 10 gallons/minute (McFarland 1983).

Surface and Groundwater Quality

The methods and metrics used to assess surface water quality by various agencies are too numerous
to discuss here, but are included in the referenced sources as noted. Good summaries of NPS
methods are provided in Rawhouser et al. (2012), Klinger et al. (2007), and Conway-Cranos et al.
(2016).

Historic studies that examined Coast Range aquifers for potential injection sites found the waters to
be suitable for domestic use, with low concentrations of dissolved solids (<1,000 mg/L) though some
closest to the coast had greater concentrations due to salines (McFarland 1983). The groundwater
parameters tested by the Oregon Department of Environmental Quality (ODEQ) are listed below
with the minimum acceptable levels determined by the EPA (EPA 2017)(Table 4.3-1). Only those
parameters for which some wells exceeded maximum amounts allowed are included.
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Table 4.3-1. Maximum acceptable limits for a subset of groundwater quality parameters (ODEQ 2018a).

Parameter Max. acceptable level
Nitrate 3 mg/L
Arsenic 10 pg/L (ug/L = ppm)
Bacteria / E. coli -
Manganese 50 pg/L
Uranium 30 pg/L

Various pesticides -

4.3.3. Data and Methods

Streamflow and Connectivity

Though stream geomorphology and surface water dynamics were identified as high priority vital
signs for monitoring at LEWI by NCCN (Weber et al. 2009), the programs are not funded at this
time. As far as is known there are no sampling protocols for floodplain processes, nor are there any
USGS gaging stations either within LEWI watersheds or within a reasonable upstream distance. The
only streamflow information that appears to be available are average stream flow, peak flow, and fish
passage flows that were estimated for Dismal Nitch/Megler Creek, though mostly using modeling
techniques rather than direct measurements (ESA 2014).

Groundwater Quantity

As far as is known there are no public data available for ground water quality in or near LEWI sites
(Klinger et al. 2007). A search of the USGS Water Information System for Oregon
(https://nwis.waterdata.usgs.gov/or/nwis) and Washington (https://nwis.waterdata.usgs.gov/wa/nwis/)
revealed either no data (Clatsop) or no current data (Pacific). Remote sensing techniques such as
ground penetrating radar (GPR) have been used by individual investigators (Peterson et al. 2007) but
these data are not publically available as far as is known.

Surface Water Quality

Available information suggests that a fair amount of water quality sampling was conducted when
new park lands were acquired and as the NCCN Inventory and Monitoring program was beginning,
but that few if any data are available for the last decade or more (Bischoff et al. 2000, Klinger et al.
2007, ODEQ 2015, Conway-Cranos et al. 2016). A very thorough watershed assessment for the
Necanicum River Watershed was conducted by Snyder et al. (2002) around the same time (early
2000s). Though the NCCN Water Quality Monitoring Protocol (Rawhouser et al. 2012) includes
LEWI in the sampling schedule, no data from that program are currently publicly available.

The State of Oregon maintains 2—4 sites near or upstream of LEWI properties
(https://orwater.deq.state.or.us/Login.aspx). As far as is known there are no water quality monitoring
sites maintained by the State of Washington near LEWTI sites

(https://fortress.wa.gov/ecy/eap/riverwq/regions/state.asp).
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Groundwater Quality

Groundwaters are sampled and reported on by the Oregon Department of Environmental Quality
with methods provided in various publications (https://www.oregon.gov/deq/wq/Pages/WQ-
Assessment.aspx).

4.3.4. Resource Condition and Trend

Streamflow and Connectivity

Very few data exist to determine whether streamflows in LEWI are environmental flows. At present
there are no indications that flows are at risk, though there are ongoing and proposed withdrawals
from the Lewis and Clark River for non-agricultural human uses that may affect flow amounts
(Klinger et al. 2007; Bischoff et al. 2000; C. Clatterbuck pers. comm. 2016). The only stream that
seems to have been measured in a relatively recent timeframe is Megler Creek (ESA 2014), which
was estimated to have a base flow of approximately 5 ft*/second (cfs) or less.

During the low-flow period of late summer and early fall some smaller streams in LEWI do stop
flowing, but it is not clear if those are natural conditions or result from diversions or other impacts
upstream (NPS 1994). Climate change impacts are predicted to reduce flows where precipitation
declines and/or temperatures increase (TNC and CIG 2016). At present it does not appear that LEWI
streams are at risk from significantly lower rainfall in coming decades, but seasonal patterns are
almost certainly going to change (Section 4.2).

Groundwater Quantity

Groundwater appears to be plentiful in LEWI, as evidenced by the presence of surface water and
springs around the Clatsop Plains, though withdrawals from large distances away can potentially
affect aquifer depths (Ferguson and Gleeson 2012). No other data are apparently available to
determine significant changes in groundwater levels.

Surface Water Quality

The State of Oregon reported index scores for all river monitoring sites from 2008-2017 (ODEQ
2018b) with methods included therein. During that period one site near LEWI, #10812—Skipanon
Road at Hwy 101—was rated as being in Very Poor condition due primarily to the high level of total
dissolved solids, though conditions at the time were improving. The other sites upstream from
LEWI—#10817 on the Lewis and Clark River—was rated as Good with no trend.

The EPA currently lists the Lewis and Clark River as impaired due to low dissolved oxygen and
elevated fecal coliform, and the Skipanon River as impaired due to low dissolved oxygen, E. coli and
elevated fecal coliform, but most of those data are from 2004
(https://watersgeo.epa.gov/mywaterway/;
https://www.deq.state.or.us/wq/assessment/rpt2012/results.asp).

A report on surface water quality testing by the NCCN Inventory and Monitoring team is in draft
format. The preliminary findings (Welch and Rawhouser 2018) and for the three sampled streams
are:

e Skipanon River (LEWI)
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o Exceeded CWA standards for water temperature and has not met the minimum
threshold for dissolved oxygen concentration since monitoring was initiated;

o Supports a depauperate benthic invertebrate assemblage consisting primarily of
mollusks and amphipods.

e Colewort Creek (LEWI)
o Has met all officially established CWA standards since monitoring was imitated;

o Had a three-day exceedance in water temperatures that might influence salmon and
trout spawning and incubation;

o Supported a moderately diverse array of benthic invertebrates typically dominated by
non-insect, midge, and stonefly taxa.

e Megler Creek (LEWI)
o Has met all CWA standards since monitoring was initated;

o Supports a diverse “healthy” array of taxa dominated by mayflies, stoneflies, and
dipteran taxa.

Groundwater Quality

Groundwater beneath the Clatsop Plains is known to be impacted by factors that degrade water
quality. In 2018 the State of Oregon reported on the status of groundwater quality for the North Coast
Basin (ODEQ 2018a) which includes the Clatsop Plains, from 2015-2016 and found excessive levels
for arsenic and manganese (Table 4.3-2).

Table 4.3-2. Parameters tested from Clatsop Plains wells by the State of Oregon (ODEQ 2018a).

Well sample from
Parameter Clatsop Plains Max. acceptable level
Nitrate not detected 3 mg/L
Arsenic >10.0 yg/L 10 pg/L (ug/L = ppm)
Bacteria / E. coli not detected 0
Manganese > 300 ug/L 50 pg/L
Uranium not detected 30 pg/L
Various pesticides 1 parent pesticide detected -

One active well in the Fort Clatsop unit was tested by DEQ in 2015. Total coliform was measured at
2 MPN/100 mL, making it unsafe for drinking but safe for its current use as irrigation for a native
plant nursery.

4.3.5. Level of Confidence

Moderate to High for overall connectivity, though probably Low to Moderate for knowledge of
floodplain processes. Moderate for surface water quality. Low for groundwater quantity or quality in
areas relevant to LEWI resources. Overall level of confidence is low.
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4.3.6. Data Gaps and Research Needs

Very few data exist describing flow conditions on any LEWI streams. The last time flow of the
Lewis and Clark River was directly measured was 1966; streamflow was therefore identified as a
high priority data need in the park’s Foundation Document. Climate change impacts and potentially
additional diversions could affect these flows and have impacts on both freshwater and estuarine
resources (NPS 2015). For example, the nearby town of Warrenton owns withdrawal rights that
exceed summertime flows (Bischoff et al. 2000). Sampling streamflow in relation to salmon life
cycles and migration periods would be consistent with most present-day studies of streamflow in the
PNW (Dittmer 2013).

The water quality monitoring program for the park should continue to be conducted as directed in the
NCCN Water Quality Monitoring Protocol (Rawhauser et al. 2012), which calls for sampling of three
sites (Colewort Creek, Megler Creek, and Skipanon River) at a minimum schedule of once per year
during the low water period (late July — early October), and more often during heavy runoff and
flood events if staff are available (Conway-Cranos et al. 2016).

4.3.7. Sources of Expertise
Chris Clatterbuck, Lewis and Clark National Historical Park
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