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Executive Summary

Natural Resource Condition Assessments (NRCASs) evaluate current conditions for a subset of
natural resources amdsource indicators in national 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 ina giyjeepgot depend on t h.
resource setting, status of resource stewardship planning and science in identifyipigdnityh

indicators, and availability of data and expertise to assess current conditions for a variety of potential
study resources and imditors. 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 suchggstiell as
influences on resource conditions. These influences may include past activities or conditions that
provide a helpful context for understanding current conditions and préggtireats and stressors

that are best interpreted at park, wdteds or landscape scales (though NRCAs do not report on
condition status for land areas and natural resources beyond park boundaries). Intensaedcause
effect analyses of threats and stressors, and development of detailed treatment options, are outside
the scope of NRCAs. It is also important to note that NRCAs do not address resources that lack
sufficient data for assessment. For Mount Rainier National Park, this includes most invertebrate
species and many other animal species that are subject tacsighgtressors from climate change

and other anthropogenic sources such as air pollutants and recreational use. In addition, we did not
include an analysis of the physical hydrology associated with streams (such as riverine landforms,
erosion and aggradan which is significant in MORA streams), due to a loss of staff expertise from
the USGSBRD staff conducting the work, and human disturbance landcover issues such as the
effects of roads, trails, and other anthropogenic developments due to lack of funds.

MountRa ni er Nati onal Park (MORA) was established
MORA was created from lands already set aside as forest reserves, and lands within the park granted
to the Northern Pacific Railroad Company were reclaimed; #stablishing MORA entirely under

federal ownership. Subsequent congressional actions designatd@28,9400 ac; 92,430 haj the

park as wilderness (1988) and a 1-#20(688ha) area as the Mount Rainier National Historic

Landmark District (1997).

MORA is located in the Cascade Range of veesitral Washington (Figure I)he park

encompasses 236,381.49 ac (95,660 ha) within the authorized, legislative Park boundary, with an
additional 140 ac (57 ha) lying outside the current boundary. Eejght percent of the park, plus

the additional acres outside the current boundary lie within Pierce County, and 12% is in Lewis

County (Figure 2)The SeattleTacoma metropolitan area is approximately 651056 km)

nort hwest of MORAOGs n ailisttdhna(10b kmhiothe saltheastofthen d Ya ki m
parkés southern and eastern boundari es. Par k el
level to 14,411 ft (4392 m) at the summit of Mount Rainier, which is an active volcano, the focal

point of the ark, and a prominent landmark in the Pacific Northwest. The base of the ambice

covered volcano spreads over an area of about 100 sq mi (260 sg km). Mount Rainier has 26 major
glaciers that cover 35 mM{91 knf), constituting the largest singleountin glacial system in the
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contiguous 48 states. Mount Rainier is also the second most seismically active, and the most
hazardous volcano in the Cascade Range. The par
precipitous, and consists mainly of peaks aalieys.

A Natural Resource Condition Assessment Workshop was convened in 2010. The multiple purpose
of thistwo-day workshop was to review and brainstorm the natural resourceRRMo identify

and prioritize key indicators of thee a r ratbiral resoures and their stressdia resources having
sufficient existing informationand to develop a plan for creating and completing an assessment of
the conditions ofhe natural resource§seneral esource categories addressed at the workshop were
air quality,water qualityclimate change, landscape, wildl{iacluding amphibians, birds, fish, and
mammals) glaciers, riverine landforms, terrestrial vegetatsmundscape and night skies.

Following the scoping workshop, all available data, reports, ancerefes pertinent to eachtbke

10 general natural resource categories identified during the workshop were collected from MORA
staff. This information was uploaded to a USGS SharePoint site and made available to all
participants in this assessment. Indiatiuresponsible for completing an assessment reviewed
available resouresepecific information and selected material that would allow them to complete their
assessment. These materials included, in part: (1) existing databases that could be analyzed without
revision; (2) databases that could be analyzed after appropriate revision; (3) published and
unpublished reports that already analyzed, evaluated, and summarized the status and trends of a
particular resource; (4) executive summaries and annual restafic reports; and (5) assorted
administrative reports, summaries, and checklists of past resource program activities. Resource
assessors also determined how the condition of a resource could best be assessed and gathered
appropriate references and docutaéion that would support the metrics and reference conditions
chosen to complete their assessment. As a result of this prandsater reassessing the staff
expertise available to support the assessnerd| natural resources and their assessmeegoaes

were identified for inclusion in this report

A total of 14 focal MORA natural resources were assessed as a part of this S&CFaple 5,

Chapter 3. A detailed discussion of each resource, presented in Chapter 4, in€lydesoduction;

(2) Approach (methods used to complete assessment); (3) Reference Conditions and Comparison
Metrics (used to determine resource condition); (4) Results and Assessment; (5) Emerging Issues; (6)
Information andData NeedisGaps and (7) Literature Cited.rend amlysis was conducted for select
resources with appropriate and sufficient data that allowed for such anahsigitroduction

subsection introduces a specific resource by providing background information about the resource,
places the resource in the text of its importance to the park, and summarizes the primary

objectives of the resourepecific assessmerithe approach subsection outlines the methods used to
conduct the assessment. The reference and comparison metrics subsection summarize8ahe condi
and metrics used to make a determination as to the overall condition of the resource. The results and
assessment subsection presents details of the outcome of the analysis of-sgemificedata used

to complete the assessment, and the overatliton assessment of the resoufdte emerging issues
subsection is designed to identify present or future potential stressors of a resource, and the data
needs subsection is used to identify gaps in presently available data as well as suggest additional
sampling and data collection that could be useful for better assessing the condition of a resource. The
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overall objective of this approach is to assess and articulate the present condition of each focal
resource based on a reasonably thorough review dablainformation (e.g., data, publications,
and reports) generated by park staff, and by research and monitoring cooperators.

Overall, 79% (22 of 28) of the natural resource categories for which disturlemet@nd condition
could be assessed were idéatl as having some documented signs of moderate to significant
change and degradation; and 10 of these categories were estimated to have been seriously to
significantly disturbedqee Tablé7, Chapter § These resources includd) Air Qualityi Nitrogen

and Sulfur deposition; (2) Air QualitPersistent Bioaccumulative Toxics deposition; (3) Lake Water
Qualityi Contaminants; (4) Stream Water Qudlifgmperature and Flow; (5) Forest Health
Disturbance Regime; (6) Forest Healtthitebark Pine and White Piridister Rust; (7)

Amphibiang Species of Concern; (8) Stream FiEndangered Species and Species of Concern; (9)
Land Bird$ Species with Evidence of Decline; and (10) Glaciers. Three resources (Biodiversity
Wetlands, Mammalian Carnivores, and Bats) didhaote sufficient data for estimating or predicting
relative level of disturbance or condition.

Although only 10 resource categories were assessed as being seriously to significantly disturbed,
many, if not all, of the MORA resources are also susceptibteteased levels of disturbance and
change due to anthropogenicafjgnerated perturbation, especially climate chaRggections of

future climatechange, though limited by the low resolution of global climate models, are consistent
with the trends indiated by théollowing observations. These show a continued warming trend that
exceeds the range of historical variability by moghtury, and no clear trend in precipitation.
Seasonally, projections indicate greater warming in summer than in winter shgllt aendency

towards drier summers and wetter winters. These chamgesperature and precipitation regime

have important implications for water stress and ecosystem heattbxample, lonate change

continues to be a global, regional, and locegdihto aquatic ecosystems, with the potential of leading
to chronically degraded water quality due to episodes of clindteced stress related to changes in
precipitation and temperature regimes. MORA lake and stream water quality, including na#ive biot
such as aquatic insects, fish, and amphibians, will certainly be affected and potentially degraded by
this climateinduced stress. Both direct and indirect effects of climate change on birds can be
expected, although predictability of specific effectsusrently low because of the complexity of
interacting factorsChanges in temperature and precipitation regimes are expected to cause changes
in distribution and structure of plant communities that provide important food and cover for birds in
the park.Thus, a major effect of climate change is expected to be changes in bird species presence
and distributionsThe most consistent conclusions drawn from projections of changes in spatial
distributions and vulnerability of plant communities and speciesalokanging climate agree that
subalpine, alpineand tundra communities and species will decline or disapardwetland
communitieswill also bevulnerable to climate changeéinally, MORA may, in the future,

experience an increase in #aea burned bwildfires as a consequenceaiimate change. The fire
season will be longegiven thatsummer temperatures are expected to increase and snowpack levels
decrease with climate change.
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Four major fundamental threats that are now and will in the future affect the continued persistence
and viability of the natural resources and ecosystems of MORA were identified. They are: (1) climate
change; (2) the continued atmospheric deposition eiemis and pollutants; (3) the presence and
emergence of pests and pathogens; and (4) introduction and range expansiofgatizadnvasive

and nonresident native plant and animal species. These threats are discussed in Chapter 6.
addition, continud fragmentation of habitat surrounding the park, and threats to migratory and wide
ranging species outside boundariesludingincreased roads, vehicle collision, energy development,
andincreasechumandevelopment affect park resourc@slditional thre#ésto specific resourcesea
identified and discussed in each resource subsection in Chapter 4.

In thisassessmemeport weinclude a chapter thatvaluats the historical and possible future climate

of MORA in the context of Pacific Northwest regionahchte (Chapter 5). This evaluation suggests

that dthough there is some diversity of responses amongtiemg stations, minimum temperatures

are increasing sharply MORA. The trends are less evident for maximum temperature, a pattern
which is consistenwith observations elsewhere in the Pacific Northwest. All trends for temperature
show a tendency towards more warming in the recent record (1950 to present), particularly in
summer. Precipitation trends are essentially flat. Snowpack measurements sindveistis that are
consistent among stations, though not all stations show significant tR¥pgctions of future

change, though limited by the low resolution of global climate models, are consistent with the trends
indicated by the observations. Thet®w a continued warming trend that exceeds the range of
historical variability by midcentury, and no clear trend in precipitation. Seasonally, projections
indicate greater warming in summer than in winter, and a slight tendency towards drier summers and
wetter winters. These changes have important implications for water stress and ecosystem health.
These changes, though useful, lack the granularity needed to identify areas that may be impacted by
climate change more strongkdditional work is needed tassess the merits of these approaches

within MORA and understand what they imply for changes to the climate of the park.

An impressive amount @ésearch, inventories and surveys, and monitoring of MORA natural
resources have been conducted by NPS staff, as well as by university, state, and federal scientists,
and nonrprofit agency cooperators. This effort spans decades, and the results havepbged in

various types of reports and factsheets, presented at symposia and conferences, and published in
peerreviewed scientific journals. Much of this information has been reviewed and synthesized as a
part of this assessment. One of the objectivésefssessment was to identify future data needs that
could help park management plan for and focus future sampling effort, and fill data gaps that would
complemena |l r eady gathered information and further
naturalresources. A general summary of the data needs identified by this assessment is presented in
Table @ (Chapter 6) A more detailed discussion of data needs for specific resource categories is
available in Chapter 4 for each assessed natural resource.
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Acronyms

ADS1 Aerial Detection Survey

AQRV'i Air Quality Related Values

ARD 1 Air Resources Division

BBSi Breeding Bird Survey

BCR1 Bird Conservation Regions

BMI 1 Benthic Macroinvertebrate

CASTNETT Clean Air Status and Trends Network

CBCi Christmas Bird Count

CESUI Cooperative Ecosystem Studies Unit

CIGT Impacts Group

CMAQ i Community Multiscale Air Quality

COOPI Cooperative Observer Network

COSWICi Committee on the Status of Endangered Wildlife in Canada
CRLAT Crater Lake National Park

ESAT Endangered Speaédict

FRESCi Forest and Rangeland Ecosystem Science Center
GLAC T Glacier National Park

HUC T Hydrologic Unit Code

IMPROVET Interagency Monitoring of Protected Visual Environments
LANDFIRE 1 Landscape Fire and Resource Management Planning Tools Project
LAVO i Lassen Volcanic National Park

MDN 1 Mercury Deposition Network

MORA T Mount Rainier National Park

MTSB Monitoring Trends in Burn Severity

NAAQS T National Ambient Air Quality Standard

NABCI i North American Bird Conservation Initiative

NADP 1 National Atmospheric Deposition Program

NCCNT North Coast and Cascades Network

NCDCi National Climate Data Center

NOCA' North Cascades National Park Service Complex

NOAA i National Oceanographic and Atmospheric Administration
NPSi National Park Service

NRA'T National Recreation Area

NRCAT Natural Resource Condition Assessment
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Acronyms (continued)

NRCSI Natural Resource Conservation Service

NSNSDi National Sounds and Night Sky Division

NTN 7 National TrenddNetwork

NVC 1 National Vegetation Classification

NWI i National Wetlands Inventory

OLYM 1 Olympic National Park

PBT1 Persistent Bioaccumulative Toxics

PIFi Partners in Flight

PNW!1 Pacific Northwest

PRISM1 Parameter Regressions on Independent Slopes Model
RAWST Remote Automated Weather Stations

RLN 7 Research Learning Network

ROMO1T Rocky Mountain National Park

SEKIT Sequoia and Kings Canyon National Parks
SNOTELT Snowpack Telemetry

USCRNi U.S. Climate Reference Network

USDAT U.S. Forest Service

USEPAT U.S. Environmental Protection Agency

USFWSI U.S. Fish and Wildlife Service

USGSIi U.S. Geological Survey

USHCNi U.S. Historical Climatology Network

WACAP T Western Airborne Contaminants Assessment Project
WDFW ' Washington Department of Fisheries and Wildlife
WDNR T WashingtorDepartment of Natural Resources
WDOET Washington Department of Ecology

WEFMI 1 Wildland Fire Management Information

WNHP1 Washington Natural Heritage Program

WRCCi Western Regional Climate Center

YELL 7 YellowstoneNational Park

YOSET Yosemite NationaPark

XXVi



Chapter 1 NRCA Background Information

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

natural resources and resource indicators in national park units, hereafitgp &RGAsals@ report

on trendsn resource conditiofwhenpossible)jdentify critical data gaps, antharacterize general

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

for a varietyof potential study resources and indicators.

NRCAs represent a relatively new approach to assessing
andreporting on park resource conditions. They are

meant to complemedtnot replacé traditional issue / \
and threabased resource assessments. As distinguishing

NRCAsS ri ve to

characteristics, all NRCAs: Credible condition reporting

 are multidisciplinary in scopg for a subset of important park

T employ hierarchical indicatdrameworks’ naturgl rgsources and
indicators

1 identify or develop reference conditions/valtes
compaison againsturrent conditios? Useful condition summaries b
broader resource categories o

1 emphasize spatial evaluation of conditions and GIS _
topics, and by park areas

(map) producté

f summarize key findings by park areaad K /
1 follow national NRCA guidelines and stards for study design and reporting products

Although the primary objectivef NRCAs is to report onurrent condition of select resources
relative tological forms ofreference conditions and values, NRCAs also report on treugs
appropriate (i.e.whenthe underlying data and methods supgarh reporting), as well as influences
on resource conditian These influences mawclude past activities or conditions that provide a

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

2 Frameworks help guideamuttii sci pl i nary selection of indicators and subsegq
] conditions for indicatory condition summaries by broader topics and park areas

3 NRCAs must consider ecologicalbased refrence conditions, must also consider applicable legal and regulatory standards,

and can consider other managermgpecified condition objectives or targets; each study indicator can be evaluated against one

or more types of logical reference conditioReference 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 weidish to av

that require a followon response (e.e,c ol ogi cal thresholds or management WAtrigger :

* As possible and appropriatéRCAs 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 addtion to reporting on indicatelevel conditions, investigators are asked to take a bigger picture (more holistic) view and
summarize overall findings and provide suggestions to managers on dy-amea basis: 1) by park ecosystem/habitat types or
watesheds, and 2) for other park areas as requested.



helpful context for understanding current conditicarsd/orpresentdaythreats and stressors that are
best interpreted at park, watershed, or landscape gtadegh NRCAs do not report on condition
status for land areas and natural resources beyond park boundatégsive causandeffect
analyses of threats asttessorsanddevelopment of detailed treatment opticar®outside the
scopeof NRCAs

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

The credibility of NRCA results is deriveftom the data, methods, and reference values used in the
project work whicharedesigned to bappropriate for the stated purpadehe project, as well as
adequately documenteor each study indicatdor which current condition or trend is reportede

will identify critical data gaps and descrithe level of confidence in at least qualitative terms.
Involvement of park staff and National Park Service (NPS) subjatier experts at critical points
during theproject timeline is also importanthese staff will be asked &ssistwith theselection of
study indicatorsrecommend data sets, methods, and reference conditions and values; and help
provide a multidisciplinary review of draft study findings and pumdis.

NRCAs can yield new insights about current park resource conditioyig louiny casegheir
greatest value may be the development of useful documentation regarding known or suspected
resource conditions within parks. Reporting products can hekpnp@nagers as they think about
nearterm workload priorities, frame data and study needs for important park resources, and
communicate messages about current \

park resource conditions to various
audiences. A successful NRCA Important NRCA Success Factors
delivers sciencéased informatin
that isbothcredibleandhas practical
uses for a variety of padecision
making plannirg, and partnership
activities. Using study frameworks that accommodate
meaningful conditin reporting at multiple levels
(measured indicators/ broader resource topics
and park areas)

Obtaining good input from park staff and other NI
subjectmatter experts at critical points in the
project timeline

However, it is important to note that
NRCAs do not establish management
targets for study indicator$hat

process must occur thrgl park Building credibility by clearly documenting the da
planning and management activities. and methods used, critical data gaps, and level of
What an NRCA can do is deliver confidence for indicatetevel condition findings
sciencebased information thaill \

assistpark managers theirongoing,



long-term efforsto describe and quantiggp ar k 6s desired resource condit
targets. Irthe near term, NRCA findings assist strategic park resource plmmddielp parkso

reporton government accountability measufda addition, althoughri-depth analysis ahe effects

of climate change on park natural resources is outsidectieof NRCAs, thecondition analyses

and data sets developtnt NRCAs will be useful for parldevel climatechange studies and planning

efforts.

NRCAsalsoprovide a useful complement to rigorous NPS science support pro@achsas the

NPSNatural Resoureanventory& Monitoring (I&M) Progran For example, NRCAs can provide

current condition estimates and help establish reference condardmesseline value$or some of a
parkés vital Si gns mo n drawvoupomoregNP$ datd o belptevaluase. T hey
current conditions for those same vital signs. In some ci#ddsgata sets are incorporated into

NRCA analyses and reporting products.

Over the next several years, the NPS plans to fund a NRCA project for each of thenaqoetpx
270 parks served by the NPS 1&M Program. For more information on the NRCA program, visit
http://nature.nps.gov/water/nrca/index.cfm

®An NRCA can be useful during the devel opment of a parkds Res
act as a podRSS project.

" While accountability reporting measures are subjechemge, the spatial and referetizsed condition data provided by
NRCAs will be useful for most forms of fAresource condition s
the Interior, or the Office of Management and Budget.

8Thel& program consists of 32 networks nationwide that are i mp
condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural ressurces acro

the NationaP ar k Sy st e mare disvhset af physiadl, ghersidal, 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 elementhat have important human values.


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

[ NRCA Reporting Product\

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

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

Improve understanding and quantification for desired conditions for the
parkbés Afundamental 0o and fiot her
(longer-term strategic planning)

Communicate succinct messagegareling current resource conditions to
government program managers, to Congress, and to the general public

(Aresource condition statuso

L J

reportin



Chapter 2 Introduction and Resource Setting

2.1 Introduction

2.1.1 Enabling Legislation and Organization

Mount Rainier National Park (MORA) is the natio
1899 by Congress (30 Stat. 993) under the Mount Rainier National Park Act (30 Stat. 993) signed by
Presient McKinley for A...the benefit and enjoyme

or spoliation of all timber, mineral deposits...natural curiosities, or wonders within said park and their
retention in their na tressioadl actowsnasignated®r% obtheparkbas e q u e
wilderness (1988) and a 1743@ (688ha) area as the Mount Rainier National Historic Landmark

District (1997). According to Catton (1996), MORA was created from lands already set aside as

forest reserves, arldnds within the park granted to the Northern Pacific Railroad Company were
reclaimed, thus establishing MORA entirely under federal ownership.

2.1.2 Background and Geographic Setting (Summarized fronfrinal General Management
Plan/Environmental Impact S&nent, Mount Rainier National Park [NPS 2001]; and additional
sources)

MORA is located in the Cascade Range of vaesttral Washington (Figure 1). The park
encompasse®36,381.49 ac (9660ha) within the authorized, legislative Park boundary, with an

addtional 140 aq57 ha)lying outside the current boundary. Eiglgight percent of the park, plus

the additional acres outside the current boundary lie within Pierce County, and 12% is in Lewis

County (Figure 2)The SeattleTacoma metropolitan area is appimately 65 mi{105 km)

nort hwest of MORAOGs nor t he(0bkmhomthesaltheastofthen d Ya ki m
parkés southern and eastern boudaries. Park el e
level to 14,411 ft (4392 m) at the suntrof Mount Rainier, which is an active volcano, the focal

point of the park, and a prominent landmark in the Pacific Northwest. The base of thesdoge

covered volcano spreads over an area of about 100 sq mi (260 sq km). Mount Rainier has 26 major
glaciers that cover 35 M{91 knt), constituting the largest singieountain glacial system in the

contiguous 48 states. Mount Rainiealsothemost hazardous volcano in the Cascade Rande

secondnly to Mount St. Helens igeismic actiity. T h es topograpkydis predominantly rugged

and precipitous, and consists mainly of peaks and valleys.



Mount Rainier National Park

Figure 1. Geographical setting of Mount Rainier National Park.
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Figure 2. Mount Rainier National Park and adjacent land ownerships.




MORA protects a varietgf landscapes containing biological and cultural resources in the central

Washi ngton Cascade Range. Primary | egislative p
spoliation of all timber, mineral deposits...natural curiosities, or wondéngwegaid park and their
retention in their natural condition. o0 The park

Air Act of 1977. The Butter Creek Research Natural Area was established in 1942 and consists of the
approximately 2000 ac (80%h) Butter Creek watershed located in the Tatoosh Range in the southern
part of the park. The parks significant thermal features are protected under the Geothermal Steam Act
Amendments of 1988.

The Mount Rainier Wilderness, comprising 228,480 ac (92,46®ftthe park, was established by
the Washington Wilderness Act of 1988 (P.L. BBB) and is to be managed according to the
Wilderness Act of 1964 (P.L. 8877), which states:

AA wilderness, in contrast with #alissapeisar eas

hereby recognized as an area where the earth and its community of life are untrammeled by

man, where man himself is a visitor who does
I n addition, wilderness shall retain dandt s pri me
managed such that it Aappears to have been affe
i mprint of mands work substantially unnoticeabl

solitude or a primitive and unconfined type of recreation..0

MORA was designated a National Historic Landmark (NHL) distnd997and the designation is
focused on the parkdéds representation of the NPS
and 1930s. The NHL of the park encompasses all the roatisic developed areas, and historic

backcountry structures. The Wonderland Trail, ar83150km) loop trail system around the

mountain, and the Northern Loop Trail are also included. Historic districts, with the exception of

Camp Muir, are all withiht he conti nuous NHL district, which f

At 14,411 feet (4392 m), Mount Rainier is the most prominent peak in the Cascade Range. It
dominates the landscape of a large part of western Washington State. The mountain star®ls nearly
mi (4.8 km) higher than the lowlands to the west and 1.5 mi (2.4 km) higher than the adjacent
mountains. It is an active volcano that last erupted approximately $8@qgThe glacial system on
Mount Rainier is the largest single mountain system irctimtiguous 48 states consisting of 26
major glaciers. Other water resources in the park include 470 mapped rivers and streams, 405
mapped lakes and ponds, ovegd@® ac (1214 ha) of other wetland types, numerous waterfalls, and
mineral springs. Vegetatian diverse, reflecting the varied climatic and environmental conditions
encount er ed acr t90%m)levatipnragratieihn®’3vas2ulaBplt species have
been documented in the pgfkochefort 201Q)Thermal features of the park falliné separate
groups: the summit thermal area, upflank thermal areas, Winthrop Springs, Paradise Springs,
Longmire Mineral Springs, and Ohanapecosh Hot Springs. The summit thermal areaflampiper
thermal areas, and the Winthrop and Paradise Sprmgsedower flanks are probably all part of a
single geothermal system within the edifice of the Mount Rainier volcano (Korosec 1989). The
system probably has an areal extent of a few square kilometers centered at the volcanic center,
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extending out to abauhe locations of the uppdéiank thermal features. The lower flank thermal
springs are probably "leaks" from the central geothermal system, as thermal waters flow out and
down from the reservoir through stratigraphic horizons.

Approximately 58% of the ph is covered by forests, much of it old growth. The subalpine parkland
covers approximately 23% of the park. The al pin
summit, with approximately 50% of the zone covered by permanent snow and ice and thdeemai

by alpine vegetation. The park provides habitats for about 162 species of birds, 55 species of

mammals4 species of reptiles, 14 species of amphibians, and 14 species/subspecies of native fish,

and several species of introduced and-native fish.

The park includes significant wilderness resources and provides numerous opportunities to enjoy a
relatively pristine environment located <70 mi (<113 km) from a large metropolitan area. In addition
to the abundance of natural wonders, there is a longyistthuman activities within the park. The

area was used seasonally by Native Americans for hunting and gathering, as well as for spiritual and
ceremonial purposes.

Climate is an important influence on the Mount Rainier ecosystem, affecting all biotabid

ecosystem components. Available weather data within and in the vicinity of the park are sparse and
not integrated. MORA is situated within a temperate, maritime climate. A high pressure region over
theNorth Pacific Ocean shifts southward duriat) &nd winter, and warm, moist air moves from a
southwesterly direction into the Cascade Range. Condensation of this cooling air as it rises along the
mountain slopes results in a rainy season during late fall and winter and continues almost without
breakuntil March or April. At the higher elevations, snow begins accumulating in early November.
These wet seasons end when high pressure again develops over the region, and July and August are
usually comparatively dry.

Annual precipitation is heavy, rangifigm about 60 in (1524 mm) at the lowest elevations to over

100 in (2540 mm) in the subalpine parklands. A rain shadow occurs on the east side of the park
because southwesterly winds bear much of the moisture. Over 90% of the precipitation falls between
November and April. Much of the winter precipitation is snow that accumulates into snowpacks 20

to over @ ft (6 to 19 m) deep at higher elevations. At Paradise, the average annual snowfall is about
50 ft (15 m); 86 ft (26 m) during the winter of 1998 to 9%/ inter temperatures are relatively

warm; mean January temperatures of about 25 to 3@°t{ 1°C). Summers tend to be cool; mean

July temperatures of 50 to 60°F (10 to 16°C), and extended periods of cloudiness are not uncommon.
Fog and high winds maye expected any day of the year.

Several climate zones exist elevationally and geographically around the park. However, the southeast
side of the park is generally the driest, and the northwest side of the park is the wettest (especially
during spring andummer months).

MORA is subject to regional lordistance transport of air pollutants (e.g., sulfur and nitrogen
oxides, ozone, particulates, and toxic pollutants) from various mobile and stationary sources, from as
far north as Vancouver, British Columbpgouth to Portland, Oregon. Most stationary and mobile



sources are in the metropolitan Seaftteeoma region. TranBacific transport of persistent organic
pollutants is also occurring, although contaminants in the park have also been documented from
regional sources. While the air quality of the region is generally considered better than other areas of
the United States, there is potential for both toergn and shofterm degradation that could affect
human health, vegetation, aquatic resources, aneéaobgmical processes. Of particular concern

are: (1) tropospheric ozone, which is highest during the summer months and is higher at higher
elevations of the park, potentially damaging vegetation and reducing respiratory function in humans;
(2) acidic depadsion, which could increase the acidity of poorly buffered aquatic systems and soils
over the long term, potentially affecting fish, amphibians, and soil dependent organisms; (3)
particulate pollutants, which reduce visibility of scenic vistas, and caspeatory distress in some
visitors; and (4) persistent organic pollutants and other toxic substances. Little is known about the
presence, amounts, or distributions of toxics in the park but potential effects on park resources may
be significant.

Major naural disturbances affecting the mountainous regions in the Pacific Northwest include
episodic floods, volcanic eruptions, earthquakes, geomorphic changes in stream channels and
landforms, fire, wind, insect infestations, and glacial activity. Hundocel disturbances include
alterations of water quality and quantity, habitat destruction or modification, and biological
alterations (e.g. nenative species introductions, fish harvest and stocking, and logging, etc.).

The terrestrial vegetation of MORA isvdrse because of the-oacurrence of climatic gradients and
topographic diversity over relatively short distances. Diversity is observed in terms of numbers of
species, as well as spatial variation in distribution and abundance. Vegetative assembftages va
across an elevational gradient, and a somewhat east to west precipitation gradient. High annual
snowfall is the limiting factor to plant distribution and growth at higher elevations. Theaé|lasest
973vascular species in the park, with many addaidichens and mosses. There approximately

153 exotic plant speciegienerally locate@dlong transportation corrido(se. roads and trailsin
developed zongesind insomeriparian areas.

Patterns of vegetation distribution are alstuenced bydisturbanceThe size and frequency of
disturbances vary greatly among ecosystems. Fire, although relatively infrequent in the park, is the
major disturbance creating diverse successional stages on a large scale. Avalanches and lahars are
small to mediumle disturbances. Disturbance processes also act on a small scale, with windthrow,
pathogens, and insects causing small gaps in vegetation and affecting local successional dynamics
over time. Climatic variation is always an overarching factor that afépetsies regeneration and
distribution on long time scales, resulting in rexuilibrium systems with unique assemblages of
species capccurring over centuries to millennia.

2.1.3 Visitation Statistics

MORA is visited by over 1 million visitorperyear;between 1967 and 2012 there has been an
average of 1,839,733 visitors/yr, ranging from a low of 1,495,514 visitors in 1974 to a high of
2,437,332 visitors in 1977 (Mount Rainier Annual Visitor Statistics available at
http://www.nps.gov/mora/parkmgmigloadvis-stats196-2012.pdf). Wilderness overnight use is
approximately 43,453vhile day use of the Wilderness and sensitive resource zone areas of non
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Wilderness is estimated al million visitors/yearTable 1 summarizes visitor use in tParadise,
Sunrig, and trailedireas of th&VildernesgManni et al. 2018 Although Mount Rainier is the
dominant landmark within the park, only 3% of park visitors visit MORA to climb the mountain
Between 2000 and 2010, the average annual number of climbers was (f@n2@2 893r13,114)
andthe averagannualnumber successfully summiting = 5381 (range = 46@38) (Mount Rainier

Annual Climbing Statistics available at http://www.nps.gov/mora/parkmgmt/upload/clirstates)
thru-2010.pdf).

Table 1. Activities of visitors to Mount Rainier National Park (MORA). Information derived from a park
visitor survey completed as part of the National Park Service Visitor Services Project, University of Idaho
Cooperative Park Studies Unit, conducted 181 27 August 2000 (n = 790 responses; MORA National Park
Visitor Study Brochure 2000).

Activity Percent
Dayhiking 73
Wildflower viewing 65
Driving to view scenery 63
Photography 56
Visiting Visitor Centers 53
Wildlife viewing 45
Visiting lodges/inns 32
Picnicking 26
Camping i developed CGs 15

Attending naturalist program
Camping i wilderness
Climbing Mount Rainier
Fishing

Bicycling

Other

DL N WO ©

2.2 Natural Resources

2.2.1 Ecological Zones and Watersheds

There are8 major ecological zones in MOR/Aorest, subalpine, aralpine The forest zone occurs
from the lower elevations of the MORA boundary to the subalpine zone, and represents the majority
of the pak landscape (approximately 58%e subalpine zonextenddrom approximately 5000 ft
(1524 m) to treeline, and represents 23% of the park landscapehamatpine zone is generally
above an elevation of 6000 ft (1829 mjpstlyabove treelineand accountisifor about 19% of the
park landscape. At the 6th field hydrologinit level, there ar&0 major an@ relatively minor
watersheds in MORA (see Figure Bhe tributaries of all bu2 watersheds (Huckleberry Creek,
Ohanapecosh River) are glacially influendsdarge valley glaciersMajor tributaries originating
within the park include the&bon, Huckleberry, Mowich, Muddy Fork of the Cowlitz, Nisqually,
Ohanapecosh, Puyallup, West Fork White, and White.
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2.2.2 Resource Descriptions

Air Quality

Visitor enjoyment, the health of park ecosystems, and the integrity of cultural resources depend up
clean air. MORA idl of 48 Class | air quality areas managed by the NPS. The 1977 Clean Air Act
amendments give federal |l and managers an daffir
related values in Class | areas. Air quality related vahetsde resources sensitive to air quality
including visibility, lakes, streams, vegetation, soils, and wildlife. MORA is downwind of Seattle and
Tacoma, Washington, and the only cbedd power plant in the state located near Centralia,
Washington, is 3ini (50 km) west of the park. There are also agricultural and livestock operations
east and west of the MORA. Air pollutants of concern include sulfur (S) and nitrogen (N)
compounds, particulates, groulavel ozone, and persistent bioaccumulative toXRET(s),

including mercury (Hg). Visitor surveys have shown that clean air is one of the most important
attributes to park visitors (Simmons et al. 200&anni et al. 2013)To better understand and protect

air quality, theNPS and collaborators haweonitored air quality and air polluticeensitive resources
atMORA since the early 1980s.

Scenery

Scenic resources of the park include the natural scenery in general, many vista points located along
roads and trails, wildflowers, wildlife, clean air, relatlaek of development, and the 228,480 ac
(92,430 ha) of Wilderness which provide opportunities for solitude and recreational challenge.
Visitor survey results have consistently shown scenic resources to be an important attribute to their
visits (Simmons edl. 2001 Manni et al. 2013).

Water Quality

Lakes, ponds, rivers, and steams are prominent features of the MORA landscape. Documenting and
monitoring the status and trends in the water quality of these aquatic systems in protected wilderness
areas and natnal parks is important because these landscapes often comprise ecosystems least
affected and modified by anthropogenic disturbances. At MORA, 406 lakes and ponds have been
inventoried and approximately 470 rivers and streams have been mapped. Watecoungliises

physical, chemical, and biological constituents that express the overall health and condition of
aguatic ecosystems; at MORA, these systems are generally oligotrophic relative to nutrient status,
low in acid neutralizing capacigndhigh in clemical quality, and typically cool in temperature.

Visitor surveys have shown that clean water is one of the most important attributes to park visitors
(Simmons et al. 200Manni et al. 2013).

Vegetation

Microclimates andiariedtopograply coupled with vécanism, glacier activity, and a variety of

geologic substrates and soil types have resulted in rich vegetation diversity over relatively short
distances at MORA. Approximately 58% of the park is forested, and temperature, moisture, and
disturbance regimestrongly determine the distribution of forest types. Forestsageture is

determined by disturbance regime, which in MORA includes fire, windthrow, avalanches, insects,
diseases, and lahars (volcanic mudflows). Temperature regime determined byrevedio the
distribution of forest zones. Specifically, the Western Hemlock (Tsuga heterophylla) zone occurs to
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approximately 900 m (2953 ft), the Silver Hitlfies amabiliszone occurs at approximately 900

1500 m (29584922 ft), and the Mountain Hemlo€ksugamertensiang zone occurs from
approximately 1502200 m (4927218 ft), including subalpine parklands. Communities within
zones depend on moisture regime, which is influenced by elevation, aspect, and topography.
Subalpine meadow types reflect snowpack and are fdassito 2 groups: shrub dominated and
herbaceous. Herbaceous meadows are further classified as lush herbaceous meadows, low
herbaceous meadows, and dry grasslands. The alpine environment occurs above the subalpine
parklands where available substratenisaibited by felifield and snowbed plant communities and
dwarfheath shrublands, including primarily heathers. Various wetlands such as bogs, fens, marshes,
wet meadows, aquatic beds, and riparian forests and shrublands are found throughout the park.
Although they occupy a very small portion of the landscape, wetlands often support a
disproportionately high percentage of landscape biodiveFsitgen plant species are listed as

federal or state species of concémthis assessment, we focus on indicatmfrlandscapscale
vegetation dynamics, forest health (including tree mortality, fire regime, and air quality effects), and
the status and trends of plant biodiversity.

Terrestrial and Aquatic Fauna

Wildlife includes both aquatic and terrestrial specldss resource category has been broken down
into several components: Amphibians, Fish, Invertebrates, Land Birds, and Mammalian Fauna.
Visitor surveys have shown that wildlife is one of the most important attributes to park visitors
(Simmons et al. 200Manni et al. 2013).

Amphibians

Amphibians are a class of vertebrate defined by moist glandular skin. Some species have complex
life cycles and rely on both aquatic and terrestrial habitats for different parts of their life history.
Because of the relatiselow mobility of amphibians compared to other vertebrates, all species found
in MORA complete all aspects of their life history within the park. Fourteen spédregs, 1 toad

and9 salamanders, have been identified as present in MORA. Three of peegessare federally

listed as Species of Concern. All Bubf the 14 species have wide distributions within the park, and
within their respective ranges, although population trends are unknown. Thestaalsbut4

species are classified as stabléhim their entire range.

Fish

Fourteen fish species have been confirmed as present in MORA rivers, streams, and lakes. These
species includ@ sculpins (Cottidae)l stickleback (Gasterosteidae), and 11 salmonids (Salmonidae).
Many species are native tan streams; however, all fish in park lakes have been introduced, and
where they occur (presently estimated to be present in 37 lakes) they are detrimental to native
amphibian populations. According to unpublished park records, the first officially estetacking

of MORA rivers, streams, and lakes occurred in 1915; stocking was discontinued after 1972. Several
species have been identified as species of special conservation or management concern at the federal
and state levels. Bull TrouSélvelinus coftuentug, Chinook Salmon@ncorhynchus tshawytscha

Coho Salmon@ncorhynchus kisut¢hSockeye SalmorQncorhynchus nerRaand Steelhead
(Oncorhynchus mykissiave all been identified as threatened or endangered, at least partially within
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their rangesby the US. Fish and Wildlife Service, and as state candidates of special concern by the
Washington Department of Fish and Wildlife. In addition, Pink Salm@mcérhynchus gorbuscha

as well as other salmon species are protected under the Magnuson BiglverysManagement
Conservation Act.

Invertebrates

It has been estimated that invertebraggsesent up to 70% of all organisms on the p|aared

invertebrate populations contribigebstantiallyto biodiversity worldwide. Invertebrates also are an
important component of ecosystem processes, they serve as important prey species for a variety of
animals including bats and numerous bird species, and imegryebratespecies have short

generation tiras and high reproductive capacithich can make them good indicators of

environmental change. Invertebrates can also damage vegetation and some of these pest species may
benonnativeto the ecosystem. Invertebrates also can have great effects onhealttic(i.e. ticks

acting as vectors for Lyme disease and mosquitoes as vectors for West Nile Virus). Little is known
about the distribution, abundance, or even which species of invertebrates are found in MORA. They
may represent 85% of tli@unalbiomassand contribute significantly to the ecological processes of

the late successional and old growth forests found in Mount Rainier National Park (Asquith et al.
1990). Invertebrates inhabit many different areas ottmgferousforest of the park, including

course woody debris, leaf litter, soil, understory vegetation, tree canopy and snags. It is estimated
that there may be up to 20,000 species of invertebrates in the Pacific Northwest forests (USDA
1994). Outside of national parks in the Pacific Northwlagt, successional forests have been

harvested at great rates and this harvesting may have affected invertebrate populations inhabiting
these forests. Invertebrates in the forest ecosystem of the park are of concern for many reasons. The
dispersal of the ijhtless species may be very limited and therefore there could be a high number of
endemic species. They also are key components of nutrient cycling of organic material in the forest.
Invertebrates also include pest species, which may damage trees aatiomegeaking the forest
moresusceptibleéo fire and other perturbations. Invertebrates also play key roles in the subalpine and
alpine areas of the park. Insects act as pollinators of many of the subalpine flowers which are one of
the park's main attraons to visitors. The snowfields and glaciers are unique habitats which support

a variety of invertebrates including annelid worms, insects and spiders. These in turn are fed upon by
numerous birds especially in the summer time. Park information regangergebrates is very

sparse but some baseline information has recently been collected in some areas of the park for
mollusks (land snails, slugs, aquatic snails, mussels and clams), pollinators (bees and butterflies),
aquatic invertebrates (benthic maon@rtebrates and zooplankton), and ice worms. Invertebrate
Species of Concern include: (1) the mussel, California FloAtevxdonta californiens)s (2) the

butterfly species, Valley Silverspdjeyeria zerene bremegri and Whul ge (Edi t hds)
(Euphydryas edithatayloyi; and (3) Fende Gdiperlafade) paaol an St one:
invertebrates were insufficient to be included in this resource condition assessment.

Land Birds

The avifauna of MORA is characteristic of conifer forestbalpineandalpine habitats of the west

slope of the Cascade Range. Dense, moist forests at lower elevations in the park support species that
are representative of elgrowth in the region, including the threatened Marbled Murrelet
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(Brachyramphus marmoratyandNorthern Spotted OwlIStrix occidentalis caurina Several

passerine species which are strongly associated with mature andcdosgy conifer forests, and

have been experiencing regional population declines, are among the most abundant species at
MORA. Two species in this category, the Varied Thrdgbreus naevidsand Chestndbacked
Chickadee Roecile rufescenshave large proportions of their geographic ranges restricted to the
Pacific Northwest, giving the region principal responsibility for tle@inservation. Alpine and

subalpine habitats at MORA also are important for some species of regional conservation concern,
such as the Whit&iled PtarmiganlL{@agopus leucurpand American PipitAnthus rubescesin this
assessment we focused on 48 Bpédcies of management concern because of the large number of
species that occur in the park (i.e., >175 bird species in the NPSpecies database), and because
management and monitoring of each species is logistically infeasible. We included species listed a
Management Priority in NPSpecies (15 species), and those identified as focal species for
conservation strategies developed by Partners In Flight (PIF) and the North American Bird
Conservation Initiative (NABCI).

Mammalian Fauna

MORA appears to have reted most of the historically present mammal species, except for the
notable absence &fcarnivores: grey wolf, Canada lynx, wolverine, fisher, and grizzly bear. MORA
lands alone do not provide adequate habitat to maintain viable populations of mankaafehe

species, but are valuable for those species in a regional context. Up to 58 native mammal species may
currently reside during some or all of the year in MORA based on documentation in NPSpecies and
published literature; 12 species are federallgtate listed or are candidates for listing as threatened

or endangered. Three species of-mative mammals (Virginia opossum, house mouse, and Norway
rat) may also inhabit the park complex. The Virginia opossum was documented at Kautz Creek, but
its prevadence in the park is unknown. The noative house mouse and Norway rat may be present
near buildings, but they were not documented in materials we reviewed, suggesting that neither is
currently widespread in MORA. Mammal groups of focused interest imgsisssment include
carnivores, Elk, and bats.

Geothermal Features

Geothermal features of the park fall iltgeparate groups: the summit thermal area, upper flank
thermal areas, Winthrop Springs, Paradise Springs, Longmire Mineral Springs and Ohandpecosh
Springs. The summit thermal area, upper flank thermal areas, and the Winthrop and Paradise Springs
on the lower flanks are probably all part of a single geothermal system within the edifice of the
Mount Rainier volcano (Korosec 1989). The system frtyblaas an areal extent of a few square
kilometers centered at the volcanic center, extending out to about the locations of the upper flank
thermal features. The lower flank thermal springs are probably "leaks" from the central geothermal
system, as thernhavaters flow out and down from the reservoir through stratigraphic horizons.
Longmire Mineral Springs are part of a separate geothermal system of limited extent. They may be
fault and/or fracture controlled, and the heat source is probably relatedviotiné Rainier
volcanic/magmatic system. This geothermal system has a most likely volume o8&bouD.7

mi®) covering abou8 knt (1.2 mf). Ohanapecosh Hot Springs is also part of a separate geothermal
system, and is also believed to be of limiteceaktThe Geothermal Steam Act, Amendments of
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1988, Public Law 100 443 and FR 28790, Vol. 52, No. 148, identified Mount Rainier National Park

as having "significant thermal featurefh evaluation was performed by the Bureau of Land
Management (Korosec 198 under contract to the NPS, to meet the requirements of the Act.

Limited information is available on geothermal features. No recent studies have been completed on
geothermal features in the park; however, approximately 14 studies were conducted aresteam

and other hydrothermal activity in the park. Geothermal resources were not addressed in the resource
condition assessment due to the limited data available as well as having no expertise on the NRCA to
address geothermal resources.

Soils

Soil is defned as the unconsolidated portion of the earth's crust modified through physical, chemical,
and biotic processes into a medium capable of supporting plant growth. Soil properties influence the
natural and the physical infrastructure of the landscape@systems. Detailed information about

the physical, chemical, and biological properties of soils in parks is essential for park resource
management and protection, as well as providing park managers with the ability to predict the
behavior of a soil undex variety of uses. Soil information is critical to understanding vegetation
communities and landcover, planning of roads and trails, restoration of human impacts and
identifying sites sensitive to soil erosion, delineation of wetlands, and assessingiofEi#ssors

such as air pollutants and climate change. Information on soils is also important in predicting
potential habitat for sensitive organisms and archaeological sites. Given the location of MORA
within the zone of deposition from numerous Cascaslcanoes, soil material within the park

reflects a complex history of tephra deposits from Crater Lake (ancient Mount Mazama), Mount St.
Helens, and Mount Rainier. As a result, the soils have many properties indicative of volcanic ash
influence, such aigh water holding capacity, high amounts of weathered iron and aluminum, and
low bulk density. Due to abundant vegetative inputs and high precipitation amounts across the park,
soils also exhibit evidence of strong pedogenic processes, or weatheringssuanification and
podzolization. Most soil weathering processes take significant amounts of time to be visible within a
soil profile and the preservation of this soil morphology can be useful in determining relative
landscape stability over extendedipds of time. More detailed analysis of chemical and physical
properties such as naturally occurring levels of nitrogen and organic carbon can help tell the story of
ecological dynamics through time as well as influence from factors outside of the padgat(y, 25

unigue soils have been identified and classified according to U.S. Soil Taxonomy (Figure 2 available
at http://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/home/?cid=nrcs142p2_053577

Although these 25 soils are similar to soils fountsme of the park, the morphology, physical and
chemical properties, and physiography warrant the establishment of new endemic soil classifications
(Rodgers 2013). Ecological variability associated with the various soils has also been described and
15 ecobgical groups have been identified as potential Ecological Site Descriptions (ESD) to be
developed within the boundaries of the park. These groupings are separated by site dynamics through
the changing bielimatic zones of the park and by ecological iptetations that distinguish each
grouping by responses to forces acting upon the site. Each ESD is designed to provide a better
understanding of site and vegetation dynamics through time. In addition to thieafssld

descriptions, the ongoing soil surveyinvestigating physical and chemical properties instrumental in
correctly identifying soil specific interpretations and limitations as well as taxonomic classifications.
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Properties of particular note that will be reported include organic carbon, nit@geninum, and

iron content as well as bulk density, water holding capacity, mineralogy, and percentages of sand,
silt, and clay. These basic soil properties are used extensively in soil classification and in determining
key soil interpretations. The l&lse soilssurveyis ongoing and is expected to be completed by

2015; therefore soils were not assessed in this document.

Geologic Processes

Geologic processes are drivers of ecosystems in Mount Rainier and include volcanic history and
linked geothermafleatures (described above), ongoing glacial and hydrologic processbsaated

river geomorphologyMount Rainier is the highest volcano in the Cascade Range, towers over a
population of more than 2.5 million in the Seattle Tacoma metropolitan are@sesl ignificant

hazards to this area, and via the Columbia River potentially impacts another 500,000 residents of
southwestern Washington and northwestern Oregon. Mount Rainier is the most hazardous volcano in
the Cascades in terms of its potential fogma water interaction and sector collapse, and major
eruptions or debris flows even without eruption. It poses significant dangers and economic threats to
the region and the ability to significantly alter existing park ecosystem &ms¢ttomponents and
processesAs a result of the International Association of Volcanology and Chemistry of the Earth's
Interior (IAVCEI) designation of Mount Rainier as a Decade Volcano in 1989, additional research

and monitoring was conducted to map the geology ofthewléaa e di fi ce, assess h)
alteration, study hydrothermal hazards to improve knowledge of the nature and extent of hazardous
geochemical processes associated with the hydrothermal system at Mount Rainier; and to monitor
tectonic activity and deformian of the mountain. Seismic monitoring is continuous with several
stations located on the mountaeformation monitoring is conducted periodically by USGS using

the several GPS stations located on the mountain. Geologic processes affect many afrtesreso
assessed in this document, but are not addressed as a separate resource.

Glaciers

Glaciers are significant features within the national parks of Washington State, and their condition is
an important indicator of the status of park resources. At MGRAylaciers cover about 33.7 mi2

(87.4 km2), or about 11% of the park. Total ice volume on the volcano is an estimated 4.4 km3. A
number of glacier studies have been conducted in the park in the past century. The first description of
Mount Rainier's glaers was by A. Kautz in 1857 when he described the Nisqually Glacier.

Geologists S. Emmons and A. Wilson collected information about the geology and location of
glaciers on the mountain in 1870. The USGS began studying the park's glaciers in 1896 when I. C.
Russell suggested a Nisqually Glacier project that included photo stations, measurements indicating
flow rates, and mapping of the glacier termini. In 1905, J. LeConte studied the flow rate of the
Nisqually Glacier. F. Matthes of the USGS made the festmte determination of glacier locations

with his 1913 topographic map of the mountain. The NPS began making measurements of some
changes in terminus position in the 1930s (Catton 1996). In 1931, the Tacoma City Light Department
initiated measurements stirface elevation along profiles upon the lower Nisqually Glacier.
Measurements were continued by the USGS until 1985 when the USGS could no longer support the
project. The park reinstituted the surface elevation monitoring in 1991 and continues to thepor

effort as long as funding is available. Other sheteéem glaciological studies have included
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observations at the summit (1970), mapping of ice caves (1971), velocity and surface elevation
measurements (1974), terminus mapping (1976), and ice ésslgtudies (1984). This history is
summarized from Driedger (1986) and Heliker et al. (1984). Current studies include glacier mapping
(Wilson and Fountain 2014), Nisqually Glacier velocities (Kennard et al. In)pegy a summary of

the Nisqually Glaciesurface ice elevation surveys (Stevens et al. In.prdfilson and Fountain

(2014) and Nylen (2004) have also summarized MORA glacier d?ags.

The relatively small, temperate glaciers at MORA are valuable as sensitive and relatively dramatic
indicata's of climate change. They are also ecosystems linked to larger alpine food webs, and the
sole habitat for some species such as the ice wdesgnchytraeus solifuguysvhich is preyed upon

by rosy finchesl{eucostitche arctgaand other alpine species. NR@ glaciers are valuable to
downstream municipalities and regional ecosystems and industries because they provide vast
guantities of cold, fresh meltater during the regional hot, dry summer months. MORA glaciers also
represent potentially significant haxzls to park staff, visitors, and downstream municipalities in the
form of stochastic events such as lahars, glacial outburst floods, and massive sediment debris flows.
Glacier monitoring has been conducted on the Nisqually glacier for several decattes EEminons

and Nisqually glaciers since 2004.

Soundscape

Our ability to see is a powerful tool for experiencing our world, but sound adds a richness that sight
alone cannot provide. Visitors to national parks often indicate that an important reason for visiting
the parks is to enjoy the relative quiet that pass offer. Sound also plays a critical role in
intraspecies communication, courtship and mating, predation and predator avoidance, and effective
use of habitat. Studies have shown that wildlife can be adversely affected by sounds and sound
characteristic¢hat intrude on their habitats. Acoustical monitoring has been condu@esited

within the park. The primary goal of this monitoring is to characterize the ambient sound levels of
MORA vegetation and management zones that occur at different elevatibase influenced by
different climatic conditions. Visitor surveys have shown that natural quiet and sounds of nature are
among the most important attributes to park visitors (Simmons et al, [@dhi et al. 2013)

Dark Night Skies

The resource of a danight sky is important to the National Park Service for a variety of reasons: (1)
the preservation of natural lightscapes, the intensity and distribution of light on the landscape at
night, will keep the nocturnal photopic environment within the rarigeatural variability; (2) a

natural starry sky absent of anthropogenic lightkeyascenic resource, especially in large

wilderness parks remote from major cities; (3) natural night sky may be a very important cultural
resource, especially in areas wdewridence of aboriginal cultures is present; (4) the recreational

value of dark night skies is important to campers and backpackers, allowing the experience of having
a campfire in frontcountry campgr oungqldityisanr fdAsl e
important wilderness value contributing to the ability of park visitors to experience a feeling of
solitude in a landscape free from signs of human occupation and technology. Baseline night sky data
was collected a locations in the parksputh side and northeast side) by the NPS. MORA, although
located in an area of central Washington that is relatively remote from cities and towns, is within 60+

18



mi (96+ km) of the large metropolitan areas of Seattle, Tacoma, and Olympia. Thereforek ke pa
influenced by anthropogenic sky glow from the west, leading to a significant gradient of expected
night sky quality frormorthwestio southeast. Because the vast majority of the park is designated
wilderness, it is particularly important that withpark sources of light be contained, eliminating

light trespass and minimizing anthropogenic sky glow.

Climate

In the topographically complex terrain of MORA, climate varies substantially as a function of
elevation, exposure, and the relative influencéefrhild maritime climate of the coasts and the
more arid continental climate of eastern Washington. Understanding how climate varies within
topographically complex places like MORA is critical to assessing how future climate changes will
affect the florafauna, and physical environment of the park, and thus how visitors will access and
perceive them. Climate exerts strong controls over ecological processes as an ecosystem driver
operating at multiple scales of time and space and influences almost atigblaysl ecological
processes by controlling ecosystem fluxes of energy and matter as well as the geomorphic and
biogeochemical processes underlying the distribution and structure of these ecosystems. Climate
constrains ecosystem structure and function iwhmtiuences the fundamental properties of ecologic
systems, such as soilater relationships, plaigoil processes, and nutrient cycling, as well as
disturbance rates and intensity and in turn, influence théiltery strategies supported by a

climatic regime. Climate is monitored v&weather stations located in the park.

2.2.3 Resource Threats Overview

The natural resources of MORA are potentially susceptible to a number of threats. Some of these
threats like the atmospheric deposition of nutrieatg.( nitrogenphosphorussulfur) and pollutants

(e.g., ozone, methylmercury, other bioaccumulative toxics), and climate change effects (e.g., changes
in temperature gradients and precipitation frequency and amount) can cause changes in the quality
and taracteristics of ecosystems and habitats. Such changes could haveasigeffects on the
presence, distribution, and survival of biota throughout the park, as well as diminish air quality

within the park and alter precipitation chemistry. Changeand Lise on L$. Forest Service and

private ownership lands surrounding the park could also contribute to changes in the quality and
characteristics of park ecosystems and habitats. Naturally occurring geolagicatises (e.g.,

volcanic activity, lahargylacial outburst floodsyand disturbancexa@atedby climate change,

could profoundly reorganize the physical context and dynamics of the park landscape. Finally, the
guality and condition of park ecosystems can also be altered by visitor irnpectsnitantwith

recreational activities such pgnicking hiking, backpacking, camping, climbingdyiving in the

park, and harvesting resourcesy,legali fishing, mushroomand berry picking; and illegal

poaching, plant harvesting, etc.), as welttesmanagement actions needed to support and maintain
these activities. Recreational use activities have the potential to introduce and increase the presence
of nonnative species, diseases and pathogens into the park. Endangered, threatened antl species o
concern are also threatened by recreational activities and management actions focused on
maintaining park infrastructure.
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2.3 Resource Stewardship

2.3.1 Management Directives and Planning Guidance

The management and conservation of the natural resafrbSRA are primarily mandated by the
National Park Service Organic Act of 1916. Planning and guidance for MORA resource management
are also provided as part of the MORA Final General Management Plan Environmental Impact
Statement, last modified in 2007atdral resources management goals are presented in Table 2. This
plan is available online at http://www.nps.gov/mora/parkmgmt/upload/moragmp.pdf and includes
management zones for the entire park (Figure 3) and descriptions of desired future conditions for
these zones.

The 2540ac (1028ha) portion of Butter Creek Research Natural Area within MORA is an area set
aside as a natural control for research activities. Wild and Scenicdfyibility status was

determined fo® mi (14.5 km) of the West Fork afi¢ White River, 6.7 mi (10.8 knof the Muddy

Fork of the Cowlitz River, 12.7 mi (20.4 km) of the Ohanapecosh Rivei§ emd12.9 km) of the
Carbon River. These areas are all eligible for inclusion into the Wild and Scenic River system, but
the park hasaken no action since the eligibility determination in 1989.

Additional MORA-specific management plans that influence natural resources management include:
(1) MORA Vital Signs Plan2004; (2) Fire Management Pi&005; (3) Long Range Interpretive

Plari 2010 and (4) Wilderness Management RIA892. As mentioned earlier, 97% of the total park
acreage is managed as designated Wilderness. Indicators and proposed standards for managing
wilderness and sensitive resource zones have been developed, but formag @Eadrcompliance

has yet to begin. A Foundation document for the park is presently underway.

As 1 of 7 units comprising the North Coast and Cascades Network (N@®©Nitoring plan MORA

also uses the North Coast and Cascades Network Vital Signs MagiReport (Weber et al. 2009)

as guidance for natural resource planning and management, and is specifically implementing several
NCCN natural resource monitoring protocols drdhta management plan listed in Table 3.

Table 2. Natural Resource Management Goals (from MORA General Management Plan). The primary
responsibility of the National Park Service is the protection of park resources from internal and external
impairment.

Resource Stewardship and Protection
The natural and cultural resources and associated values of Mount Rainier National Park are protected, restored, and
maintained in good condition and managed within their broader ecosystem and cultural context.

Mount Rainier National Park contributes to knowledge about natural and cultural resources and associated values;
management decisions are based on adequate scholarly and scientific information.

Visitor Access and Enjoyment

The park wildl be managed to provide the nationés dive
enjoyment of the lessons contained in Mount Rainier National Park, while maintaining unimpaired those unique
attributes that are its contribution to the national park system.

Education and Interpretation

It is the responsibility of the National Park Service to interpret and convey the contributions of each park unit and the
park system as a whole to the nationés values, charac

Stimulate visitor appreciation of park resources; respect for values; understanding of management policies; and safe,
acceptable recreation through onsite interpretive services.
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Impart an understanding and appreciation of the National Park Service values, management policies, diversity of park
system resources, and environmental stewardship to all segments of the population through education outreach.

Science and Research

The National Park Service must engage in a sustained and integrated program of natural, cultural, and social science
resource management and research aimed at acquiring and using the information needed to manage and protect
park resources.

Establish and maintain inventory andlong-t er m moni t oring programs for measu
natural, cultural, and social resources.

Establish a proactive research program responsive to park management needs and providing sound scientific
information that affords greater insight into natural resource components, systems, and processes.

Achieving the Desired Future Condition

Achieving the desired future conditions stated in this plan for park resources requires that a regional perspective be
considered, recognizing that actions taken on lands surrounding the park directly and indirectly affect the park. Many
of the threats to park resources, such as invasive species and air pollution, come from outside of the park
boundaries, requiring an ecosystem approach to unders
this effort is understanding the health or condition of the ecosystem. Key indicators of resource or system conditions
must be identified and monitored.

Cooperation, coordination, negotiation, and partnerships with agencies and neighbors are also crucial to meeting or
maintaining desired future conditions for the park while recognizing the need to accommodate multiple uses on a
regional scale. This approach to ecosystem management
involvement with the Northwest Forest Plan and the collaborative decision-making process involving regional air
quality negotiations) or cooperative arrangements with state agencies or tribes to obtain a better understanding of
trans-boundary issues (e.g., Elk and Northern Spotted Owl population dynamics).
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Table 3. North Coast and Cascades Network natural resource monitoring protocols and plan.

Resource Reference
Alpine-Subalpine Vegetation Rochefort et al. 2012
Climate Lofgren et al. 2010
Data Management Plan Boetsch et al. 2009
Elk Griffin et al. 2012

Fish Assemblages Brenkman and Connolly 2008
Forest Vegetation Acker et al. 2010
Glaciers Riedel et al. 2010
Landscape Dynamics Antonova et al. 2012
Landbirds Siegel et al. 2007
Mountain Lakes Glesne et al. 2012
Water Quality Rawhouser et al. 2012

2.3.2 Status of Supporting Science

MORA coordinates irpark research efforts with multiple federal, state, academic, anrgroén
agencies, universities, and organizations. MORA is also a participant in the North Coast and
Cascades Research Learning Network (NCCRLNjdished in 2001the NCCN Inventory and
Monitoring Network, and the Pacific Northwest Cooperative Ecosystems Studies Unit (PNWCESU),
as well as other CESUs. The NCCRLN and PNWCESU assist the park in developing and
implementing collaborative research seglat member parks. MORA has received {stagnding
support from the U.S. Geological Survey staff, especially the biological staff at the Forest and
Rangeland Ecosystem Science Center (formerly NPS scientists, National Biological Survey, and
USGSBRD) andgeological staffs at the Cascades Volcano Observatory. A partial list of partners
collaborators include8 federal and state agencies and 13 universities. M@&&ralresources staff
also actively engaged in collaborative research agreements with fadérstite agencies, and
universities to support park science.

NCCN Vital Signs longerm monitoringprojects aMORA include ClimateGlaciers, Landbirds,
Landscape Dynamics, aMbuntain Lakes. AlpinéSubalpine Vegetation, Forest Vegetation, and
Elk are nonitored subject to funding availabilityVater chemistry and benthic macroinvertebrates
are monitored through a Network water quality monitoring progradrsttbarriver sties.
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Chapter 3 Assessmenti Scope and Design

3.1 Preliminary Scoping

A Natural Resource Condition Assessment Workshop was convened in Seasthendton 2 3

November 2010The purpose of thi8-day workshop was to review and brainstorm the natural
resources of MORA, to identify and prioritize key indicators of the natesalurces and their

stressors, and to develop a plan for creating and completing an assessment of the conditions of
MORA natural resources. The workshop was attended by 31 individuals including 23 NPS and
USGS representatives. One University of Washin@ttimate Impacts Group (CIG) representative

was also present. The workshop began with an overview of the Natural Resource Condition
Assessment goals and objectives, and a general discussion of reference conditions and how to
develop and use them as partle# resource assessments. Breakgroups were then convened to
brainstorm and prioritize a list of natural resources, their associated indicators, and reference
conditions or other comparative sources useful for the assessment of the condition e$@ace r

The general categories of discussion by the boealgroups included: (1) landcover pattern and
structurei disturbance, hydrology, topography, ecosystems, and communities; (2) ainimals
mammals and birds; (3) animadlamphibians and fish; (4)reand water quality; and (5) plarits
vegetation. An additional considered resource category, riverine landforms, was dropped due to loss
of staff expertise and limitations of funds to address this tdjie.riverine landforms category was
meant to defia and quantify the extent of alteration in riverine landform condition, explore the
potential implications of these types of changes, especially for aquatic biota, and discuss how this
index might be used by the park as an integrated metric for monitolimgte change stressors. The
systems of focus for riverine landforms are representative glacial rezgtdyingpan, Emmons,

Kautz and Nisqually)Questions created and prioritized to help facilitate the development ef long
term monitoringat MORAagsart of the parkoés Vital Signs iden
LongTerm Ecological Monitoring Program were used as a foundation for guiding and informing
breakout group discussions. This smghoup activity was followed by a presentation and disoass

of the results of each breakit group by the reconvened workshop participants, and the results of

this discussion were collated and summarized in a table that listed and identified 11 general natural
resource categories, their associated indicatefstence conditions, and comparison metricb(e

4). The criteria used to prioritize resource categories and indicators included: (1) key resource
guestions previously identified as part of the Vital Signs identification process; (2) data richness of
ead resource including spatial and temporal extent and continuity; (3) data overlap of resources; (4)
determination of the importance or level of priority or concern of a resource to park management;
and (5) expertise of scientists and NPS staff workingherptoject. The workshop concluded with a
general discussion and prioritization of the preferred natural resources for inclusion in the assessment
and a review of the project timeline.
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Table 4. Focal resources and their indicators-stressors and reference conditions.

Resource Indicators-Stressors Reference Condition/Comparison Metric
Air Quality Nitrogen-Sulfur deposition Best attainable condition
Contaminants deposition Best attainable condition
Ozone Best attainable condition
Visibility Natural conditions
Amphibians | Number of species Conservation and management status designations

(NatureServe; U.S. ESA; IUCN; WA-Species of Concern)l

Presence-absence and
distribution

Climate change

Construction and maintenance
of roads and trails

Atmospheric deposition of
contaminants

Disease
Introduced species

Fish Number of species Conservation and management status designations
(NatureServe; U.S. ESA; IUCN; WA-Species of Concern)l

Presence-absence and
distribution

Climate change

Habitat alteration,
fragmentation, and loss

Atmospheric deposition of
contaminants

Introduced species

Stocking
Glaciers Extent (quality and quantity) Total glacial area (extent)
Mass balance (cumulative Surface mass balance of 4 indicator glaciers
balance)
Volume
Nisqually ice surface
elevations
Climate change
Land Birds | Breeding density and trends Historical condition; Partners in Flight (PIF) conservation plan
goals and targets
Harlequin Ducks Minimally disturbed
Raptorsi nesting occupancy Minimally disturbed

and productivity

Threatened and endangered Conservation and management status designations
species (NatureServe; U.S. ESA; IUCN; WA-Species of Con(:ern)1

Climate change

'U.S. ESA: United States Endangered Species Act; IUCN: International Union for Conservation of Nature;
WA: Washington
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Table 4. Focal resources and their indicators-stressors and reference conditions (continued).

Resource Indicators-Stressors Reference Condition/Comparison Metric
Mammalian Carnivores Reference conditions identified and defined by Stoddard et al.
Fauna (2006), OMini mal | yCof3erwtioruand e d
management status designations (NatureServe; U.S. ESA;
IUCN; WA-Species of Concern)l;
Elk Range of densities of Elk using the subalpine meadows in
MORA over the last decades?,
Bats Minimally disturbed; Best attainable condition
Night Skies Sky luminance Sky brightness/natural conditions
Sky quality Sky Quiality Index
Anthropogenic light Maximum vertical illuminance from anthropogenic source
Soundscapes | Acoustical monitoring Comparison to results summarized for 189 sites in 43 national
parks (Lynch et al. 2011); sound level (measure in decibels),
percent time human-caused noise is audible, noise free interval,
natural ambient sound level, existing sound level
Ambient sound levels
Intensity, duration, and
distribution of sound
Vegetation Landscape i Scale Recently developed vegetation map will serve as basis for

Vegetation Dynamics

Climate Change

assessing future changes

Western Washington: Risk assessment (Aubry et al. 2011);
Range change (Shafer et al. 2001)

U.S.: Percent range maintained (Coops and Waring 2011);
Percent area change (Rehfeldt et al. 2006)

North America: Percent area change (Rehfeldt et al. 2006);
Percent area loss- worst scenario (McKenney et al. 2007)

Forest health: (forest insects
and diseases, air pollution,
exotic plant species, white
pine blister rust, exotic plant
species), climate change

Historic range of variation; current conditions; distribution;
absence of White Pine blister; effects of air pollution on
vegetation is pre-industrial air quality levels; Climate reference
period to be from the beginning of the ADS record (1949) until
1985

Tree mortality

abundance; biological integrity for backcountry; best attainable
condition for frontcountry;

Biodiversity (alpine and
subalpine vegetation, exotic
plants, sensitive vegetation
species, wetlands)

Exotic plants: absence of species transported to the park
through human activities; wetlands: current inventory of
wetlands extent as baseline for identifying future change; alpine
and subalpine vegetation: present condition serves as reference
for future change; sensitive vegetation species: 1997 reference
conditions as published by the Washington Natural Heritage
Program.

Fire

stand reconstruction performed by Hemstrom and Franklin
(1982)

'U.S. ESA: United States Endangered Species Act; IUCN: International Union for Conservation of Nature;

WA: Washington

With the exception of increased populations observed in the 1980s
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Table 4. Focal resources and their indicators-stressors and reference conditions (continued).

Resource Indicators-Stressors Reference Condition/Comparison Metric
Water Trophic status Trophic State Index (TSI); comparison to historical and regional
Quality conditions; synthesis of past reports
(Lentic) lon chemistry comparison to historical and regional conditions; synthesis of past
reports
Physical parameters (Alka, comparison to historical and regional conditions; synthesis of past
Cond, pH, DO)* reports
Zooplankton, benthic occurrences and distributions of taxa

macroinvertebrates
Atmospheric deposition
Ice out

Climate change

Water Nutrient concentrations Washington DOE surface water quality standards; EMAP
Quality disturbance thresholds; Oregon DEQ Level Il assessment indices”
(Lotic) lon chemistry

Physical parameters (Alka,
Cond, pH, DO)*

Water temperature
Benthic macroinvertebrates occurrences and distributions of taxa”

3Alka: Alkalinity; Cond: Conductivity; DO: Dissolved Oxygen

*DEQ: Department of Environmental Quality; DOE: Department of Environment; EMAP: Environmental
Monitoring and Assessment Program

3.2 Designi General Approach and Methods

Following the scoping workshop, all available data, reports, and references pertinent to each of the
11 general natural resource categories identified during the workshop were collected from MORA
staff. This information was uploaded to a USGS SharePoenasd made available to all

participants in this assessment. Individuals responsible for completing an assessment reviewed
available resourespecific information and selected material that would allow them to complete their
assessment. These materialduded, in part: (1) existing databases that could be analyzed without
revision; (2) databases that could be analyzed after appropriate revision; (3) published and
unpublished reports that already analyzed, evaluated, and summarized the status anfdatrends o
particular resource; (4) executive summaries and annual resource status reports; and (5) assorted
administrative reports, summaries, and checklists of past resource program activities. Resource
assessors also determined how the condition of a resoaumtiebest be assessed and gathered
appropriate references and documentation that would support the metrics and reference conditions
chosen to complete their assessment. As a result of this process, focal natural resources and their
assessment categoriesr® identified for inclusion in this report; they are listed and summarized in
Table5.

Each resource assessment is generally structured as follows: (1) Introduction; (2) Approach; (3)
Reference Conditions and Comparison Metrics; (4) Results and Asses@Gnémerging Issues; (6)
Data Needs; and (7) Literature Citddhe introduction subsection introduces a specific resource by
providing background information about the resource, places the resource in the context of its
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importance to the park, and sunmmas the primary objectives of the resouspecific assessment.

The approach subsection outlines the methods used to conduct the ass@$smefdrence and
comparison metrics subsection summarizes the conditions and metrics used to make a determinatio
as to the overall condition of the resource. The results and assessment subsection presents details of
the outcome of the analysis of resouspecific data used to complete the assessment, and the overall
condition assessment of the resouiidee emergig issues subsection is designed to identify present

or future potential stressors of a resouae data needs subsection is used to identify gaps in

presently available data as well as suggest additional sampling and data collection that could be
usefulfor better assessing the condition of a resource. The overall objective of this approach is to
assess and articulate the present condition of each focal resource based on a reasonably thorough
review of available information (e.g., data, publications, r@parts) generated by park staff, and by
research and monitoring cooperatosisot Tihmnsticoad i
evaluation of the conditions of a select set of MORA natural resources.
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Table 5. Focal Mount Rainier National Park resources and their assessment categories.

Resource

Assessment Elements

Air Quality

Lake Water Quality

Stream Water Quality

Vegetation

Amphibians

Fish

Land Birds
Mammalian Fauna
Mammalian Carnivores
Elk

Bats

Glaciers

Soundscapes

Dark Night Skies

Ozone; Visibility; Nitrogen-Sulfur deposition; PBT deposition

Trophic status: chlorophyll a; nitrogen; phosphorus; N:P; cation and anion
concentrations; acid neutralizing capacity; conductivity; pH; dissolved oxygen
concentrations; zooplankton and macroinvertebrate occurrence and distributions;
lakes of management concern

Variability of 12 physical habitat attributes; use of benthic macroinvertebrate model for
predicting level of impairment; wadeable streams of management concern

Landscape-scale vegetation dynamics; Forest Health i disturbance regime; Forest
Health i Whitebark Pine and blister rust; Forest Health i air quality; Fire ecology;
Biodiversity i exotic plants; Biodiversity i wetlands; Biodiversity i alpine-subalpine
vegetation; Biodiversity T sensitive vegetation species

Park occurrence and distributions; species management and conservation status

Park occurrence and distributions in rivers, streams, and lakes; species management
and conservation status; hybridization among trout species; Skagit River Bull Trout
genetics; Salmon-Steelhead stock assessments and spawning; Puyallup River Bull
Trout Recovery Unit

Park occurrence and distributions; species management and conservation status
General presence and management status

In-park status and distributions (19 species)

Estimate of abundance and population trends

Presence, distributions, and frequency of capture/detection

Total glacial area (extent); surface mass balance of 4 indicator glaciers

Acoustical monitoring; ambient sound levels; intensity, duration, and distribution of
sound

Sky luminance, sky quality, and anthropogenic light
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Chapter 4 Natural Resource Condition Assessments

4.1 Air Quality and Air Quality-Related Values
(Tonnie Cummings, Pacific West Region Air Resources Specialist, NPS; Barbara Samora, Biologist,
MORA, NP

4.1.1 Introduction

Visitor enjoyment, the health of park ecosystems, and the integrity of cultural resources depend upon
clean air. To foster clean air in parks, the National Park Service (NPS) monitors air quality; assesses
effects on resources; commcates 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 (NPS Management Policies 2006).

Several law provide the basis for air quality protection in units of the National Park System,

including the Organic Act, Wilderness Act, and Clean Air Act. The 1977 Clean Air Act amendments
have a requirement to fApr eser viasslnationalpaeksand and e
wilderness areas (42 U.S.C. 7470 et seq.). Mount Rainier National Park (MOR®#)tise 48 Class

| air quality areas managed by the NPS. The 1977 Clean Air Act amendments give federal land

managers an fdAafformatpveteespomsi didiqyal ity re
areas. Air quality related values are resources sensitive to air quality, including visibility, lakes,
streams, vegetation, soils, and wil diotecirg. Congr

airqualityr el at ed values for fut ur el279g9%th €ongress, Istn s 0 ( Sen
Session, 1977).

Air Pollution Sources

Most human activities, including manufacturing and industrial processes, agricultural practices, land
disturkance, and fossil fuel combustion, produce air pollution. MORA is downwind of Seattle and
Tacoma, Washington; and the only cfiedd power plant in the state, located near Centralia, is 80

km west of the park. Washi ngt ostatiharpsaurce ment of E
emissions inventory (Stephanie Summers, WDOE, personal communication) provides insight on the
types of facilities that affect air quality at MORBources within 100 km of the park included an
aluminum smelter, a cement plant, powkmnts, wood products manufacturers, and other
manufacturing facilities (Figure 4). Significant sources of area emissions were construction, road
dust, residential woodburning, woad vehicles, recreational boats and commercial marine vessels,
nonroad \ehicles (e.g., forklifts, tractors, and snowmobiles), solvents, and livestock (WDOE website
2014). Air pollutants of concern include sulfur (S) and nitrogen (N) compounds, gexeiczone,

and persistent bioaccumulative toxics (PBTs), such as mercgjy (H
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Figure 4. Pollution sources near Mount Rainier National Park

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

industry. Reduced N compounds (e.g., ammonia and ammonium) are the result of agricultural
activities, fires, vehicle emissions, and other sources. Ozone is formed when nitrogen oxides and
volatile organic compounds from vehicles, solvents, stiguand vegetation react in the atmosphere

in the presence of sunlight, usually during the warm summer months. Persistent bioaccumulative
toxics include heavy metals and organic compounds such as pesticides. Coal combustion,
incinerators, mining processesd other industries emit Hg.

Air Pollution Effects
Fine particles of S and N compounds, and other pollutants in the atmosphere, absorb or scatter light,
causing haze and reducing visibility (Hand et al. 2011). Ther2 sirerange categories of
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partiaulate matter typically measured by air quality monitoring networks, i.e., particles smaller than
10 um (PMyg) and particles smaller than 2uEn (PM,5). These smaller particles are of most concern
for human, and possibly wildlife, health because they eailyepass through the nose and throat,
enter the lungs, and cause serious health probknmsary threats to visual resources, i.e., expansive
scenic views of iconic park landscapes, come from development outside the park boundaries and
pollutants that dgrade visibility (NPS 2013b). Sulfur and N pollutants are eventually deposited as
either wet deposition (e.g., via rain, snow, clouds, and fog) or dry depositiorvig seitling,

impaction or adsorptignThese pollutants change water and soil cheyigthich in turn, affects

algae, aquatic invertebrates, and soil microorganisms, and can lead to impacts higher in the food
chain (Sullivan et al. 2011a, 2011b; Greaver et al. 2012). Because N is an essential plant nutrient, N
compounds may cause unwantedilization or eutrophication, with subsequent changes in soil
nutrient cycling and plant community structure and composition. Deposition can acidify lakes and
streams that have low buffering capacity.

Ozone is a respiratory irritant and can triggeagety of health problems including chest pain,

coughing, throat irritation, and congestion. Ozone also affects vegetation, causing significant harm to
sensitive plant species (USEPA 2013). 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).

After Hg is deposited, it can be transformed by ecosystem process#seinery toxic form,
methylmercury, which biomagnifies in the food chain and can reach harmful levels in fish, wildlife,
and humans. Biological effects of PBTs include impacts on reproductive success, growth, behavior,
disease susceptibility, and surviyiloran et al. 2007, Landers et al. 2008).

The NPS and others have monitored air quality and AQRVs at MORA since the earlyRig86s (

5). In 1994, the NPS published a review of the status of air quality and air poltataiad

ecological effects ih Class | parks in the Pacific Northwest, including MORA (Eilers et al. 1994); a
2003 addendum summarized visibility data collected ab ferks through 1999 (Air Resource

Specialists 2003). Cummings (2014) provided an updated summary of air pollutigormgrand

research conducted at MORA through early 2014. Because a comprehensive discussion of air quality
at MORA is beyond the scope of this condition assessment, the overview reports should be consulted
for additional information.
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Figure 5. Locations of some of the
Mount Rainier National Park (from

4.1.2 Approach

air quality-related monitoring and research that has been conducted at

Cummings 2014).

Visibility i Sources and Methods

The NPS began monitoring visibility at MORA in the 1980s pfavide qualitative documentation

of visual conditions, pictures were taken with a3 camera (1983.995), and a digital camera
(2003 present). In 1995, an historical photographic archive was developed to show representative
regional haze visibility contions (Figure6) , i ncl uding each sl ideos
(i.e., the distance at which one can barely make out the presence of a large, dark object).

esti
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Figure 6. Representative photographs of the view from Paradise at Mount Rainier National Park (from
Cummings 2014). The top picture, with a standard visual range of 280 km, illustrates the clearest days.
The bottom picture, with a standard visual range of 60 km, illustrates the haziest days.

Since 1988, an Interagency Monitoring of Raied Visual Environments (IMPROVE) Program

particle monitor has been operating at Tahoma Woods; the monitor gives quantitative measurements
of mass, chemical elements, sulfate, nitrate, organics, and elemental Eatimte monitoring

allows for identiication of the chemical species and sources of huoaaised visibility impairment

in the park, and is used to document kbvagn visibility trends (IMPROVE website 2014). Particles

were also monitored in the Ohanapecosh Campground, located in the darghearsof the park,

during the summers of 2009, 2010, and 2013. Monitoring was conducted in response to visitor and
employee complaints regarding respiratory effects from campfire smoke (Lofgren and Samora 2010).

Nitrogen and Sulfur DepositiohSourcesand Methods There are2 national deposition chemistry

monitoring programs. The National Atmospheric Deposition Program (NADP) monitor at Tahoma
Woods, 16 km outside of MORAG6s sout hwest entran
nitrate, and ammonium since 1984 (NADP w&b2014). The Clean Air Status and Trends Network
(CASTNET) site, at Tahoma Woods from 1995 to 2013, measured atmospheric concentrations of
particles and gases including sulfate, nitrate, ammonium, sulfur dioxide, and nitric acid (CASTNET
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website 2014). Mnitoring of bulk (wet plus dry) deposition has been conducted at Paradise since
1989 (Agren et al. 2013) and throughfall deposition sampling (i.e., collected under the forest canopy)
was conducted in the park from 20@907 (Fenn et al. 2013). Given thmiked number of

CASTNET, bulk, and throughfall deposition monitoring sites, the NPS Air Resources Division

(ARD) currently relies on the more widespread NADP wet deposition data to assess and compare
conditions and trends in parks throughout the counBS 2013a).

The U.S. Environmental Protection Agency (EPA) has not established air quality standards or
thresholds for S and N deposition. In lieu of regulatory standards, the NPS and other federal land
managers are increasingly using critical loads sessthe threat of air pollutants to AQRVs. A

critical load is the amount of pollution below which significant harmful effects are not expected to
occur. At this time, information about acceptable pollution levels and resource sensitivity is limited.
As mae studies are completed, critical loads will be developed for more pollutants and more
ecosystem components. Critical loads for S deposition have not been identified for the western U.S.,
where S deposition is low, and of lesser concern, than N depos$taoto et al. (2011) identified

critical loads of N deposition for a number of ecoregions across the U.S. Cummings et al. (2014)
summarized the current state of knowledge about N deposition, effects, and critical loads in Idaho,
Oregon, and Washingtohile Cummings et al2014)identified cumulative potential adverse
ecological effects in the regioRifure7), theydetermined thatith the exception of lichens N

critical loads have not been well established for the Pacific Northwest.
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Figure 7. Cumulative potential adverse ecological effects associated with atmospheric N deposition in the
Pacific Northwest (from Cummings et al. 2014). 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.

Ozone i Sources and Methods

Ozane was monitored year round from1991 to 2013 at Tahoma Woods (NPS website 2014), and
seasonally at the Jackson Visitor Center since 2000 (MORA, unpubl. records). A portable monitor
was used at Tahoma Vista in 2004 and 20®addition, summertime ozonerwentrations were
monitored with passive samplers at many locations in the park froni 2008.

The EPA has established a primary National Ambient Air Quality Standard (NAAQS) for ozone that
is designed to protect public health. The NAAQS is based oBryhaverage of the annual fourth
highest 8hr ozone concentration and is currently set at 75 parts per billion (ppb). In January 2010,

EPA proposed to lower the primary ozone NAAQS to a value in the rangé&df@®G0 p p b

Ambient Air Quality Standal for Ozone, EPAHQ-OAR-20050172; Notice of Proposed

Rul emakingo, 75 F.

R.
secondary ozone NAAQS to protect vegetation. The secondary standard would be based on a metric

13D52). At he sdmaerimea EPA pr@pOstéddajnew p .

called W126 which is a cumulative sum of hourly ozone concentrations, with hourly values

weighted according to their magnitude. The EPA proposed to set the secondary NAAQS in the range

of 7 to 15 parts per milliohours (pprahr).
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PBTs i Sources and Methods

It was ore thought that remote locations, such as high elevation parks with headwater streams, were
safe from the threat of PBTSs. It has been found that, as with S and N, toxic contaminants are
atmospherically transported around the globe and often depositeghielavation and high latitude

locations. Hageman et al. (2010) correlated pesticide concentrations in snowpack from several

national parks, including MORA, with nearby cropland intensity and wind patterns and concluded

that for all studied parks,25% of the pesticide contribution was from pesticide use within 150 km of

the park. After Hg is emitted, it has the potential forltong nge transport and join
pool o (i .e., Hg that cycles conti nuworganitms). bet we e
Modeling indicates @o 10% of the Hg deposited in the Pacific Northwest is from local

anthropogenic sources, approximatel§@8 from Asia and the rest is from the global pool

(National Research Council 2009).

The NADP Mercury Deposition &work (MDN) monitors the amount of Hg deposited in

precipitation. There are curren@MDN sites in Washingtort at the Makah National Fish

Hatchery on the northwestern tip of the Olympic Peninsulalan&Geattle (NADP website 2014).
Continued operatn of the Makah MDN site is threatened by lack of funding. It is unlikely that

either of the sites adequately represent Hg deposition at MORA. i 2002, concern about
potential deposition of PBTs i n Was boogiogit ondés ClI
Survey (USGS) study of occurrence and concentration of Hg and organochlorine compounds in fish
collected from park lakes (Moran et al. 2007). In 2002, the NPS spearheadedagendiy study,

the Western Airborne Contaminants Assessment Pri)¢é&CAP), to determine the risk from

airborne contaminants to ecosystems and food webs in 20 national parks in the western U.S.,
including MORA (Landers et al. 2008). More recenBgglesSmith et al. (2014) analyzed Hg
concentrations in fish collected baten 2008 and 2012 from 21 western national p&&sples

included fish taken from 17 sites at Mount Rainier in 2012 as part of a focused study to examine a
range of food web componentaglesSmith, In prep). A study of mercury concentrations in birtds a

6 of these sites was also conducted by Adams and others (2013).

4.1.3 Reference Conditions and Comparison Metrics

Visibility
The 1977 Clean Air Act amendments set a Nationa
and the remedyingofanyekis ng, i mpai rment of visibilityo in

Therefore, the reference condition for visibility is natural conditions (i.e., no hamased visibility
impairment).Visibility is typically reported using a haze index called the dewi\{dv). The dv scale
is near zero for a pristine, clean atmosphere and increases as visibility degrades

Nitrogen and Sulfur Deposition

The NPS ARD classifies park condition of significant concern if wet deposition of S or N exceeds 3
kilograms/hectare/ya (kg/hal/yr), or if wet N depositionis 1 to 3 kg/hal/yr and the park contains N
sensitive ecosystems (NPS 2013a). Based on over 1,400 study plots, Geiser et al. (2010)
recommended a total (wet plus dry) N critical load to protect lichens in westerarCaed

Washington. That critical load is 2.7 to 9.2 kg/hal/yr with the critical load increasing as precipitation
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increases. Pardo et al. (2011) recommended a critical load of 1.5 kg/ha/yr of wet N deposition to
protect high elevation aquatic ecosystem$fi@Rocky and Sierra Nevada MountaisJSGS study
examined diatom assemblages in a total of 11 lakes in MORA, North Casmad€3ympic

National Parks to look for species changes associated with N deposition (Sheibley et al. 2014). Only
1 lake, Hoh Lakeat Olympic, had the known-Sensitive diatom species that formed the basis for
establishing aquatic critical loads in the Rocky and Sierra Nevada Mountains. Sheibley et al. (2014)
determined the critical load for Hoh Lake Wa&kg/ha/yr of wet N

Ozone

The NPS ARD uses the values at the low end of the ranges EPA proposed in 2010 for the primary
and secondary standards as the reference conditions for ozone (i.e., 60 ppb to protect human health
and 7 pprenr to protect vegetation; NPS 2013a). Parks withya@verage of the annual fourth

highest 8hr ozone concentrations of 645 ppb are considered to be in a condition of moderate
concern for ozone.

PBTs

Because there are no ambient air quality standards for PBTs, NPS ARD relies on literature values
indicaing the concentrations of pollutants in fish tissue that are known to be a threat to fish health or

to the health of humans and wildlife that eat fish. For example, for Hg, the EPA has established a
guideline of 300 ppb for safe human consumption of fiste Washington Department of Health
recently | owered the stateds Hg consumption cri
Washington Department of Health, personal communication). Recommended mercury thresholds for
wildlife are much lower, e.g.,to 270 ppb (EagleSmith et al., 2014). Consuming fish that have

pollutant concentrations below the respective thresholds is not known to be a threat to wildlife or

human health.

4.1.4 Results and Assessment

Visibility

The NPS ARD produces an annugport that provides condition and trend information for visibility,
deposition, and ozone in parks, monuments, and other areas managed by the NPS. The most recent

report (NPS 2013a), covering 20@D0O9, indicates a significant improvement in visibilityMORA
on both the clearest and the haziest d&igufe8).
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Figure 8. Deciview trends compared to natural conditions on the haziest and clearest days at Mount
Rainier National Park (from Cummings 2014).

To quantify the amount of visibility impairmeat a site, IMPROVE determines the dv difference
between monitored visibility and calculated natural conditions, i.e., the visibility that would exist
without humarncaused impairment. The 200812 average visibility difference at MORA was 4.21

dv, indicaing current visibility is 42% hazier than natural conditions (NPS website 2014). Parks with
estimates ranging 2 to 8 dv higher than natural visibility were considered by the NPS ARD to be in a
condition of moderate concern for visibility impairment (NP3 24).

During sample periods at the Ohanapecosh campground, no exceedances of the particulate matter
NAAQS occurred; however, high hourly concentrations were recorded on the weekends during
evening hours (Lofgren and Samora 20192013, the number of ogpfires and weather conditions
were correlated with Pp4levels Results indicated concentrations of particulate matter in the
Ohanapecosh area do not necessarily increase with an increase in campfire activity. High
concentrations were found to be morkated to the presence of campfires in combination with
inversions occurring on clear, cold nights and mornings in the Ohanapecosh valley (Johnson and
Lofgren,In prep).

Nitrogen and Sulfur Deposition

Based on 2002009 NADP wet deposition data, there @nproving trends in both N and S
concentrations in precipit Biguie® NPS2al3aMAgRRAé al. Ta hom
(2013) reported improving trends in sulfate and nitrate concentrations, but a deteriorating trend in
ammonium concentrationat the Paradise bulk deposition site from 1989 to 2012
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Figure 9. Trends in annual concentrations of sulfate, nitrate, and ammonuim at the Tahoma Woods
NADP site at Mount Rainier National Park (from Cummings 2014).

High elevation ecosystems in west&ashington are thought to be very sensitive to atmospheric
deposition of S and N pollutants due to a limited ability to neutralize acid deposition and to absorb
excess N. Sullivan et al. (2011c, 2011d) evaluated the relative sensitivity of NPS Invedtory a
Monitoring (I&M) Networks and all 79 associated park units larger than 10@msurface water
acidification and N enrichment. MORA was ranked in the highest risk category for both assessments
Clow and Campbell (2008) found evidence of episodic acatibn associated with spring snowmelt

at Eunice Lake. They concluded rain-snow events and spring snowmelt could cause episodic
acidification of highelevation lakes and streams in the Cascade Mountains.

It appears that, in some years, wet N deposataiORA exceeds 1.5 kg/hajywhich is the possible

threshold for effects on aquatic resourdescording to Geiser et al. (2010), the N critical load for

lichens has likely not yet been exceeded at MORA, based on the limited samples collected from the

pak. Given the suspected sensitivity of AQRVs in the park and possible underestimation of

deposition duetocoarsec al e moni toring and modeling and the
a condition of significant concern for atmospheric deposition.

Ozone

2000 2009 data from Tahoma Woods showed an improving trend in ozone concentration (NPS
2013a); ozone levels at Paradise are also decre&smg€10). The reason for the decline is

unclear; while it might be due to a change in weather patterns, it is more likely due to a reduction in
emissions of ozone precursors throughout the region (Brian Lamb, Washington State University,
pers comm). The 19992005passive sampling data showed ozone concentrations were typically
greater at higher elevations and in the northwest corner of the park (Cummings 2014).
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Figure 10. Annual 4th highest daily maximum 8-hr ozone concentrations (in ppb) measured with
continuous and portable monitors at Mount Rainier National Park between 1991 and 2013 (from

Cummings 2014).

Kohut (2004) assessed the risk of ozamduced foliar injury at MORA based on species sensitivity,
o0zone concentrations, and soil moisture (which influenzese uptake). Kohut concluded there was
low risk of ozone injury at the park. NPS vegetation surveys fromiZ@@%, and U.S. Forest
Service (USFS) Forest Inventory and Analysis surveys in 1998 (Campbell et al. 2000) and 2000
2009 (Sarah Jovan, USFS RacNorthwest Research Station, pezsmm), found no signs of ozone

injury. While the Tahoma Woods W126

v al

ues

di

because both the Tahoma Woods and the Paradise sites exceeded the annual fourth highestdaily

maximum 8hr concentration of 61 ppb during some years, the park is in a condition of moderate

concern for ozone.

PBTs

Moran et al. (2007) collected Cutthroat Tro8a(mo clarki) from 4 lakes in MORAJS5 lakes in

North Cascades National Park, d&iladkesin Olympic National Park, in 2002003. Mercury was
detected in trout from all of the sampled lakes. The highest fish tissue Hg concentration from MORA
was 100 ppb, which did not exceed the human health threshold but did exceed wildlife health
thresholdsMoran et al. (2007) also detected low concentratior&sav§anochlorine compounds in

fish from all sampled lakes in MORA.

As part of the WACAP study (Landers et al. 2008), passive air sampling devices, snow, conifer

needles, lichens, lake water, lakeisgehts, and fish from MORA were sampled in Z02305. All

fish collected from the MORA lakes exceeded the Hg health threshold fedisig birds, and some
exceeded the health threshold for humans. Landers et al. (2008) also detected a number of other

PBTs in the MORA samples including curreand historieuse pesticides, combustion-pyoducts,

industrial chemicals and metalsigure11). Concentrations of flame retardant chemicals in fish from
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Golden Lake were the highest detected in any of the WAG&RspDieldrin concentrations fhout
of 20 MORA fish exceeded the human health threshold.
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Figure 11. Concentrations of PBTs detected in fish collected from Golden Lake and Lake LP19 in Mount
Rainier National Park in 2005 as part of the WACAP study (from Landers et al., 2008). Horizontal lines in
boxes indicate median values. From left to right, pollutant categories represented by large shaded boxes
are Current-Use Pesticides, Historic-Use Pesticides, Industrial Compounds, and Metals.

To enable a bettespatial comparison of the fish samples collected from 21 western parks,-Eagles
Smith et al. (2014) normalized Hg concentrations to control for the influence of size and.species
Based on the normalized concentrations, fish were assigrieaf ®size clases, i.e., 50 mm, 200

mm, or 400 mm. Results for the 200 mm size class at MORA showed the site with the highest
average Hg concentration was nearlyf@@l higher than the site with the lowest average Hg
concentration. EagleSmith (n prep) found that Hj exposure in park invertebrates, fish, and
amphibians varied among habitat types, and could be at toxicologically significant levels. Adams and
others (2013) found that Hg levels4adf the park sample sites was higher than the highest siges in
other @rks included in the study (Yosemite and Grand Teton National Parks), and that wet meadow
habitat in the park had higher levels of mercury than wet meadows in the other parks. Mercury levels
were highest in Varied Thr usandPadfieslopaFlycatchdr,r us h ,
and significantly higher than Hg levels measured at the other parks. Given the detection of many
PBTs in snow, sediment, and vegetation samples, and concentrations of Hg and other contaminants
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in fish samples that exceed hunaard wildlife health thresholds, MORA is in a condition of serious
concern for PBTs.

4.1.5 Information and Data Needsi Gaps

Visibility
Each state was required to develop a Regional Haze Plan to improve visibility in Class | areas, with
thegoalofreturnip vi si bility to natur al conditions by

possible to achieve natural visibility conditions by 2064; the plan proposes a glide path to reach
natural conditions at MORA by 2092. Visibility monitoring at MORA needstatiaue so that NPS

can track progress in achieving the goals of the Regional Haze Program. Campfire smoke monitoring
should also be conducted in Cougar Rock and White River Campgrounds. In addition, sensitive vista
points should be identified in the pathat include views extending beyond NPS boundaries. For

each of these vista points it would be beneficial to: (1) assess the existing and desired future
conditions of the visual setting; and (2) prepare a visibility analysis including photo documentation
and a description of the view, surrounding land use (existing and planned), the general level of visitor
use, and importance to the visitor experience.

Nitrogen and Sulfur Deposition

The Cummings et al. (2014) report summarized N critical loads informapipliicable to the Pacific
Northwest and identified and prioritized additional data ndedsrder to improve critical load

estimates for MORA, more information is needed about both the amount of deposition and the
sensitivity of AQRVs. Most of the depasih data for the Pacific Northwest are from low elevation
NADP monitors. There is a need for fiseale estimates of total deposition in complex terrain,
particularly at higher elevations. A NADP subcommittee is addressing the nationwide need for better
total deposition estimates; they are producing new maps of total deposition and providing
recommendations for improving existing datasets (NADP website 2014).

At present, there are only enough Pacific Northvepsgicific AQRYV data to establish critical loads
for lichens. Current studies at MORA are investigating the effects of N deposition on soils,
biogeochemical processes, and alpine and subalpine vegetation (Darlene Zabowski and Anna
Simpson, University of Washington; Justin Poinsatte and David Evers,Mytsh State

University). Results are expected in 2015. A 2@IR.5 nutrient enrichment experiment (Jason
Williams and Marc Beutel, Washington State University) is following up on the Sheibley et al.
(2014) critical loads study to investigate phosphorusugeN limitation in park lakes, identify levels
of N that cause changes in diatom species composition, and determine if thETgapéankton
species unique to high elevation Pacific Northwest lakes that may be indicators of nutrient
enrichment effects.

Ozone

Given that ozone concentrations at MORA sometimes exceed the lower limit of the revised primary
ozone standard proposed by EPA in 2010, ozone monitoring should continue at the park. The
Tahoma Woods monitor was removed in 2013 due to a lack of fdimg Paradise monitor operated
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in cooperation with WDOE should continue because it is the only o0zone monitor remaining in the
park and represents the highest elevation site being monitored in the State of Washington.

PBTs

More information is needed about the amount of and trends in deposition of Hg and other PBTs at
MORA. To better understand the extent of PBT occurrence and bioaccumulation, data should be
collected from numerous locations throughout the park. Additiof@inration is needed about

wildlife health thresholds and sensitive life stages for a number of pesticides and other PBTs; at
present, information is limited to a handful of chemicals and species. Studies to etveuestie of

Hg methylation in differenhabitats and measurement of Hg concentrations in fish, amphibians,
aquatic invertebrates, and songbirds should continue. Adams and others (2013) suggest that Hg
monitoring of songbirds would be a reasonable way to develop a better understanding of the
geogaphic regions, climates, and habitats that are at risk from Hg exposure -&Ganjfleqn prep)
concludes that future alterations in wetland hydrology and structure associated with climate change
could result in enhanced risk to some communities in dnle. e recommends quantifying the
landscape factors that influence Hg levels in aquatic and terrestrial indicator species, evaluating the
potential effects of climate change on Hg availability and subsequent exposure in park wildlife, and
investigating wiether current wildlife exposure to Hg in the park is causing toxicological responses
to sensitive hormones associated with endocrine disruption. By identifying areas in the park where
Hg risk is greatest and assessing the important factors controllingpblgchmulation managevsll

be able to target mitigation efforts in a more precise and efficient fashion.

Climate Change

It is critical to better understand the interaction between air pollution and climate change in the
Pacific Northwestlt is not cleathow climate change will affect air pollutant concentration and
deposition in MORA. A recent comparison of 199801 and 20032009 plot surveys indicates that
increasing temperature and lower relative humidity have already changed Pacific Northwest lichen
communities (Linda Geiser, USFS Air Program, unpubl. data). Changes in precipitation amount and
timing could affect deposition and concentrations of S, N, and PBTSs. Increased temperatures might
change the rate of Hg methylation, resulting in increasedtimaulation in fish and other species.
Changes in agricultural practices in response to weather patterns or pests could result in additional
pesticide deposition in the park. Increased summertime temperatures may lead to higher ozone levels
(USEPA 20009).

Black carbon, a component of soot particles, contributes to global warming by absorbing sunlight, thereby
heating the atmosphere. When black carbon is deposited on snow and ice, melting accelerates. Black
carbonds effects ar eicandotheialpinelregions USEPA 2002). g curremt t he A
study is measuring black carbon concentrations in snowpack and snowmelt at MORAK&s(zarn,

Central Washington Universitylrurther research is needed regarding the effects of black carbon on

snowpackand glaciers in the park.

NPS ARD also provided specific recommendations for this condition assesgémgmavide
managemendirectionthat emphasizes cooperative conservation to protect air quality, scenic views
and resources sensitive to air pollutiand (2) sek continued support for existing air quality
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monitoring through partnerships and cooperative efforts and a needhitate monitoring that was
discontinued in October 2013 due to budget shortfalls (i.e., ozone and dry deposition moaitoring
Tahoma Woods).
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4.2 Lake Water Quality
(Robert L. Hoffman, USGS FRESC)

4.2.1 Introduction

Lakes are prominent features of many montane landscapes. Functioning as downstream catchment
basins, they integrate many of the properties and characteristics of their surrounding watersheds and
are influenced by varying conditions of the local and regienaironment (Larson et al. 1994, 1999

Allan and Johnson 199Kling et al. 2000). Lakes, therefore, can be useful indicators of ecosystem
stability or change at the local and landscape level. The physical, chemical, and biological
characteristics of lalse(water quality) can be affected by natural disturbances such as fires,

catchment vegetation succession, increases in inputs of sediment and detritus, and species invasions.
They also can be susceptible to disturbances of human origin including atmosigpasition of

nutrients and pesticides (Carpenter et al. 1998); the presence or introduction of invasive aquatic biota
(Boersma et al. 2006); climate change (McKnight et al. 198iams et al. 1996Murdoch et al.

2000); and other anthropogenic stressors such as timber harvest, road building, livestock grazing, and
recreational activities (Schindler 19&pencer 1991).

Documenting and monitoring the status and trends in the water quality ofigketeacted

landscapes such as wilderness areas and national parks is important because these landscapes often
comprise ecosystems least affected and modified by anthropogenic disturbances (Cole and Landres
1996). Since 1988, Mount Rainier National ParkQIRA) resource management personnel have
inventoriedlakes sampled, and monitored the water quality of many lakes within the park, and have
recently implemented the monitoring®MORA lakes as part of a North Coast and Cascades

Network program for the fgg-term monitoring ofmountainlakes in parks of the network (Glesne et

al. 2012.).There have been 406 lakes inventoried in MORA. Of these, we grouped 404 lakes based
on their area and elevation (Table 6). Most of these |a@&%)(could be placed intd groups of

small lakes (Group:X = 0.33 han = 205;Group 2 x = 0.35 han = 150)that occurat average

elevations of 1546Group 1)and 1820 n{Group 2) Whengrouped bydepth, 80% of 235 lakesith

reliable depth dat@lrable6) have an average maximum depth of 1.53M@RA lakes, based on these
results, can be generally characterized as being relatively small and shallow.

Table 6. Area, elevation, and maximum depth of listed lakes, Mount Rainier National Park, Washington.

Parameters n Mean Mode Range
Area (ha) 404 0.7 0.03 0.0004 7 45.4
Elevation (m) 404 1611 1459 6707 2510
Maximum depth (m) 235 3.8 1.0 0.057 60.0

The primary objectives of this lake water quality assessment are to: (1) estimate the overall general
trophic status of MORA lakes; (2) determine average concentrations of cations, anions, alkalinity,
conductivity, pH, and dissolved oxygen; and (3) desctiite relative distributions of zooplankton

and macroinvertebrates that inhabit MORA lakes. In additt@yater quality oEthel Lakewill be
examined, and the resultsretent reports concernipgtential impacts of atmospheric deposition on

2 MORA lakes andlake iceoutwill be summarizedTheresults reported in Rawhouser et al.
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(2012:Appendix D) dr MORA lakes of management concern ranked relative to their potential level
of risk to impairmentvill also be summarized

4.2.2 Approach

Trophic Status

A database containing concentrations of chlorophyICHL A € g/ L), t ot al nitrog
tot al phosphorus (TP € g/ L) September,dd8&taroughd?00B=0r | ak e
139; Figurel?). The database comprised 208 CHLA measurements (representing 48 lakes); 385 TN
measurements (137 lakes); and 390 TP measurements (137 lakes). Descriptive statistics (mean,
standard deviation, median, and range) were determined for each parameter. Jgpit@gmErorus

ratios were also calculated for 136 lakes. CHLA, TP, and TN concentrati8rakafs sampled

during the month of August f@to 18 yis (1988 2009) were analyzed to illustrate trends for each
parametefTrend lakes irFigure12).

Trend

Lake Water Quality Sites
A Sampled

Figure 12. Distribution of MORA lakes sampled 1988i 2009 (Colors in this figure represent 6th field HUC
13 MORA watershed boundaries; see Figure 13, 4.3.1, for watershed names and their associated colors).

55



Cations and Anions

A database contai ni ngb5dtatioes (GAoki,Mg’hNaf MH,Yaod8s (eeq/ L
anions (Cl, NO;', SQ?) was created for lakes sampled JuBeptember, 1988 through 2008. The

database comprised 242348 measurement®mpleted during theasnpling period 1988008 and

representing 98 118 lakes, with the number of measurements and lakes varying by parameter.
Descriptive statistics (mean, standard deviation, median, and range) were determined for each

parameter ir2 categories: near lake rdace and near lake bottom. Cation and anion concentrations of

8 lakes sampled during the month of August for 4 to E§3988 2008) were analyzed to illustrate

trends for each parameter.

Alkalinity, Conductivity, pH, and Dissolved Oxygen

A databasewagsce at ed f or measurements of alkalinity (A
eS/ cm), pH, and dissolved oxygen (DO, mg/ L) for
2001. Descriptive statistics were determined for near surface and near bottom measitoe e&cis

parameter. The database comprised 30 to 45 near surface measurements representing 21 to 27 lakes;
and 28 to 45 near bottom measurements representing 21 to 24 lakes.

Zooplankton and Macroinvertebrates

Analysis of zooplankton species occurrence disttibution was based on summaries of the results

of Larson et al. (2009) and the 2009 Field Season Report for North Coast and Cascades Network core
mountain lake study sites (Fradkin et al. 2012). Analysis of macroinvertebrates was based on
interpretatio of species occurrence and distribution in 24 MORA lakes sampled in 2004 and 2007.

Additional Assessments

Clow and Campbell2008 was used to summarize potential impacts of atmospheric deposition on
MORA lakes. Ethel Lake water chemistry was examinedetermine if the lake is an outlier relative
to other MORA lakes. An unpublished 2011 MORA draft report on lake water temperatures was
used to summarize the toeit characteristics of MORA lakeResuts of the ranking of lakes of
management concern Appendix D of the NCCN Water Quality Monitoring Protocol (Rawhouser
et al. 2012) were summarized to elucidéepotentiallevel ofrisk of MORA lakes to impairment.

4.2.3 Reference Conditions and Comparison Metrics

Trophic Status

The trophic statusofla ke i s defined as fAthe total weight o
waterbody at a specific |l ocation and timeod (Car
biological productivity of the waterbody. Carlson (1977) created a trophecistiex (TSI) for lakes,

which is typically calculated using water clarity as determined by Secchi disk depth, and

concentrations of CHLA and TP. Kratzer and Brezonik (1981) also developed a TSI for TN. Trophic
classes associated with the index includgottophic (low productivity), mesotrophic (intermediate
productivity), eutrophic (high productivity), and hypereutrophic (very high productivity). The

estimated trophic status of MORA lakes was assessed by comparing the concentrations of CHLA,

TP, and TNwith concentrations determined for 30 Washington lakes as part of a collaborative

national lakes assessment (BeitKinnon 2010)lt is important to note that the BéMcKinnon
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lakes sample was limited to 30 lakes within the State and none of the lak#edsamre within the
Cascade&coregion where MORA is locatenhost of the lakes in that study were located in lower
elevation areas\itrogen and phosphorus limitation in MORA lakes were assessed using the ratio of
the concentrations of dissolved inorganitrogen (DIN: nitratenitrite + ammonia) to total dissolved
phosphorus (DTP; Morris and Lewis 19&3ckman et al. 20Q3McMaster and Schindler 2005
Bergsttm 201Q Murphy et al. 2010). According to Morris and Lewis (1988), DIN:DTP ad 2

best indies for estimating nitrogen and phosphorus limitation in lakes because DIN and DTP
represent the fractions of N and P most available to phytoplankton. Lakes with a ratio of <1 were
classified as nitrogen limited; lakes with a ratio of >4 were classifipth@sphorus limited; and

lakes with a ratio of to 4 were classified as elamited (i.e., either nitrogen or phosphorus limited or
both; Murphy et al. 2010).

Cations and Anions

The chemical composition of lake water is fundamentally a function of climdteasin geology.
This composition comprises, in patmajor cations (C&, K*, Mg?*, Na', NH,") and3 major anions
(CI', NO;', SQ?), which are essential for the occurrence and persistence of lake biota.
Concentrations of these ions in a lake are galyahe result of watershed soil erosion and
weathering, atmospheric deposition, and the geological composition of the lake basin. As such, the
concentrations of ions can be relatively good predictors of the level of natural andtausand
disturbance vthin a lake watershed or of potential causes of perturbation (such as atmospheric
deposition of pollutants) from more remote locations. The assessment of cation and anion
concentrations in MORA lakes was accomplished by comparing them to concentrgittedéy
Bell-McKinnon (2010) and Clow et al. (2002).

Alkalinity, Conductivity, pH, and Dissolved Oxygen

Alkalinity, conductivity, pH, and dissolved oxygen are also important constituents of lake water
guality and useful indicators of lake condition dmlth. Their assessment was accomplished by
comparing the August, 1988001 results with results reported in Turney et al. (1986; COND, pH,
DO), Larson et al. (1994; ALKA, pH), and Clow et al. (2002; ALKA, COND, pH).

Zooplankton and Macroinvertebrates

Zooplankton and macroinvertebrate species and assemblages are known to be useful predictors of
water quality impairment (Reynoldson et al. 1997), and the biological integrity (Hawkins et gl. 2000
Hawkins and Carlisle 2001) and ecological quality (Clarkd. &0®3) of freshwater ecosystems.
Zooplankton condition was based on 2 past assessments of zooplankton assemblages in up to 103
MORA lakes by Larson et al. (1999, 2009), and a recent NPS report (Fradkin et al. 2012) on
zooplankton assemblagesGMORA lakes that are part of the North Coast and Cascades Network
Mountain Lake Monitoring Protocol. The assessment of macroinvertebrates was accomplished using
comparisons with other studies such as Hoffman et al. (1996), Lafrancois et al. (2003), Fireder et al.
(2006), and Oertli et al. (2008).

Lakes of Management Concern
As part of the development of the NCCN Water Quality Monitoring Protocol (Rawhouser et al. 2012), a
ranking process was developed to estimatdethed ofrisk of MORA lakes<50 ha (<124 adp
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impairment. Initially, a list of lakes of management concern was created based on professional opinion as
well as any lakes that were 303d listed under the Clean Waté€CAA). Theranking metrics wergl)

waters classified dampaired Category 4, 4a4b or § from the 303(d) report that are within or drain into
MORA (Rawhouser et al. 2012, Table 1.12, p.; 28) dreams that drain from watersheds classified as

being at a high risk of impairmeduring thewatershed assessméRawhouser et al. 2012, p3 24); (3)

waters ranked at a high risk level in the informed risk assesgRawhouser et al. 2012, Table 1.24, p.

43); and (4) wvater bodies withiMORA that receive water from any of the above sources, even if those
sources are outside park boundari

4.2.4 Results and Assessment

Trophic Status

Trophic state class concentration thresholds for CHLA, TN, and TP (ThiMere used to assign

MORA lakes sampled at least once between 1988 and 200® tbtrophic state classes. Based on
concentrations of CHLA and TN, MORA lakes can be classified predominantly as oligotrophic

(CHLA = 96% of lakes sampled; TN = 86%), and as oligotrdphisotrophic (59 and 34%,

respectively) based on TP concentrations (T8pl€ompared to values for tl3dndices calculated

for the 30 nonMORA Washington lakes (BeNMckinnon 2010), the mean concentration of CHLA in

MORA lakes is 15 times lower than the mean concentration of CHLA in th&/IQ@RA lakes;3

times lower for TNand2 times lower for TP (Tabl8). This result indicates that MORA lakes, in

general, are relatively low in productivity compared to3d@onMORA lakes.Of the MORA lakes

analyzed using their CHLA concentrations, 58% were relatively latgeper lakeén = 28; mean

area = 5.5 ha; mean maximum depth = 15.1 m) and 42% were relatively sshallew lakesr{ =

20; mean area = 0.4 ha; mean maximum depth = 1.®nty.2 MORA lakes could be classified as
mesotrophicX = 3. 2 e€g/il4,8 raq/gle)) Ras3ed on thei8y CHLA co
indicating a somewhat increased level of algal productivity in these lakes. No lakes were classified as
eutrophic or hypereutrophighisis a relatively important result because CHLA concentration is

considered to be a better predictor of algal biomass, and by proxy productivity, than TN or TP

(Carlson and Simpson 1996). Four lakes could be classified as eutrophic based on their TN
concentrationsq = 0.81 mg/L, range: 0.76.89 mg/L) (Take 8). These lakes were small and

shallow & surface area: 0.08 ha; maximum depth: < 1 m). Ten MORA lakes were classified as

eutrophic ( = 8) or hypereutrophin(= 2) based on their TP concentrations (Ta)lef'he mean TP
concentrationfot he eutrophic | ak &9 wag/ L5)2, eagnd I Ir6 negge/: L
119 e€g/ L) for the hypereutrophic XsuHaeesaiea:These |
ha; maximum depth: <1.5 m).

The condition of MORA lakes could also be assessed @stogdition classes for concentration
thresholds of CHLA, TN, and TP determined for lakes in the Western Mountains Nutrient Ecosystem
(Bell-McKinnon 2010:Table 2). The results of this assessmentpoeted inTable 10 Based on

CHLA concentrations, 96% of the MORA lakes analyzed were determined to be in Good condition;
77% of the analyzed lakes were determined to be in Good condition based on TN concentrations; and
79% of the analyzelhkesweredeerminedto be Good condition based on TP concentration.
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Lake productivity can also be expressed as the ratio of nitrogen and phosphorus concentrations (N/P)
in lake water samples. Nitrogen and phosphorus are necessary elements that promote and support
algd growth, and each can be limiting. A limiting element is one that is present in a waterbody, but

at quantities insufficient for promoting continued or expansive algal growth. Once a limiting element
is exhausted, algal growth ceases; however, algal gandlexpansion would resume if additional
amounts of the limiting element were added to the waterbody. Of 127 MORA lakes for which
DIN:DTP ratios were calculated, 58 (46%) were determined to be nitrogen limitedi¢: 0.5;

range: 00.9); 8(6%) were phosphorus limited (ratio: 7.8; range: 4i34.5); and 61 (48%) were

co-limited (x ratio: 1.9; range: .0i 3.8).

Trends in the concentrations of CHLA, TP, and TN (128®9) were examined f& MORA lakes
(Tablel1l). These lakes were selected because theg t@d8 yis of data for August samples.

August was selected as the month for analysis because lake productivity is relatively well established
in MORA lakes during August. Focusing on a single month also khpitgential confounding

effects of intraseasonal variation. All of the lakes, based on trophic state thresholds for each
parameter, were determined to be oligotrophic. There were no significant trends for each parameter
in 3 of the lakes (LM01, LW20, andz27); a significant positive trend for TN was determinedZor

lakes (LCO7, LMO04); a significant negative trend for TP was determinetiiédees (LN19, LZ29);

and 1 lake (LZ21) showed a significant positive trend for TN and a significant negativeardirl

The mean concentrations for TP and TN in these lakes werefto®and8to 12 times lower than

the oligotrophic threshold maximum for each parameter, respectively, indicating that the changes in
TP and TN in the lakes were relatively minimal otlee8 to 18 yis of data. There was no significant
trend for CHLA in any of the lakes, and the mean concentrations for CHLA in the lake6 twel®

times lower than the oligotrophic threshold maximum for this parameter.

Table 7. Index thresholds for trophic state classes.

Chlorophyll a Total Nitrogen  Total Phosphorus

Trophic State (egl L) (mg/L) (egl/ L)
Oligotrophic <2 <0.35 <10
Mesotrophic 271 <7 0.3571 <0.75 107 <25
Eutrophic 771 <30 0.757 <1.4 25171 <100
Hypereutrophic 030 01. 4 0100

Table 8. Number of MORA lakes in each of 4 lake trophic classes based on measurements for chlorophyll
a (CHLA), total nitrogen (TN), and total phosphorus (TP) concentrations (19887 2009).

CHLA TN TP
Class (n =48) (n =137) (n =137)
Oligotrophic 46 118 81
Mesotrophic 2 15 46
Eutrophic 4 8
Hypereutrophic 2
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Table 9. Descriptive statistics: concentrati
phosphorus (eg/ L) i2009 M@ RVAshihgtok BVA) lakes, 2@B".
Parameter Metric MORA Lakes WA Lakes
chlorophyll a n lakes 48 (208b) 30

X (SD) 0.39 (0.53) 5.86 (6.1)

median 0.21 1.91

minimum 0.005 0.15

maximum 4.78 26.08
total nitrogen n lakes 137 (385" 30

X (SD) 0.12 (0.15) 0.41 (0.38)

median 0.07 0.21

minimum 0 0.03

maximum 1.24 2.62
total phosphorus n lakes 137 (390°) 30

X (SD) 8.5 (14.7) 18.4 (25.02)

median 5 7

minimum 0 1

maximum 195 190

®Bell-McKinnon, Maggie. 2010. An assessment of Washington lakes i National Lake Assessment
Results. Department of Ecology, State of Washington, Publication No. 10-03-029. 57 p.

® Number of measurements

Table 10. Number of MORA lakes in each of 3 condition class thresholds for chlorophyll-a (CHLA pg/L),
total nitrogen (TN mg/L), and total phosphorus (TP ug/L). Thresholds™ are based on values determined for

ons

the Western Mountains Nutrient Ecoregion and reported in Table 2 of Bell-Mckinnon (2010).

Parameter n Good Fair Poor
CHLA 48 46 1

TN 137 105 17
TP 137 108 17

'CHLA: Good = <1.8, Fair = 1.81 2.7, Poor = >2.7; TN: Good = <0.27, Fair = 0.271 0.38, Poor = >0.38; TP:

Good = <15, Fair = 151 19, Poor = >19.
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Table 11. August values for chlorophylla (CHLAT e g/ L), t ot al Tgplhddphoranmd (t OR al ni
(TNT mg/L) for 8 MORA lakes sampled for 8 to 18 yrs, 1988i 2009. Oligotrophic threshold maximums:
CHLA < 2.0 €g/L; TP < 10 ¢g/ hreturfetisignificantrésdt. mg/ L. * = Reg!
Years Overall
Lake Index Sampled Mean Mode Range Change
LCO7 (Green) CHLA 12 0.153 0.055 0.055171 0.365
TP 13 35 0V 7
TN * 13 0.041 0.03 0.02171 0.09 +0.06
LMO1 (Eunice) CHLA 9 0.128 0.075 0.075171 0.188
TP 10 2.1 0.0 01 6
TN 10 0.042 0.027 0.06
LMO04 (Mowich) CHLA 15 0.218 0.005 0.0057 0.825
TP 18 3.3 07 5
TN * 18 0.035 0.03 0.0187 0.06 +0.012
LN19 (Reflection) CHLA 10 0.360 0.058 0.05871 0.993
TP * 11 4.8 5 07 9 15
TN 11 0.061 0.037 0.09
LW20 (Clover) CHLA 8 0.153 0.017 0.0177 0.325
TP 8 4.1 3.0 371 6
TN 8 0.054 0.04 0.047 0.08
LZ21 (Louise) CHLA 9 0.239 0.021 0.0217 0.745
TP * 11 3.0 3.0 07 9 16
TN * 11 0.028 0.03 0.0157 0.04 +0.025
LZ27 (Bench) CHLA 8 0.302 0.136 0.13617 0.8
TP 9 4.3 3.0 0T 7
TN 9 0.083 0.08 0.057 0.11
LZ29 (Snow) CHLA 9 0.324 0.058 0.05817 1.12
TP * 10 4.8 071 13 16
TN 10 0.021 0.02 0.017 0.03

Cations and Anions
Near surface and near bottom mean concentrations of cations and anions were calculated for between
92 and 118 MORA lakes (depending on ion) sampled at least oncéSéytember, 1988 through

2008, and compared to mean concentrations calculated for 3A@&A Washington lakes (Bell

McKinnon 2010) (Table 4). The near surface mean values for all ions except NHVORA lakes

were from4to 40 times lower (depending on ion) than mean concentrations for ion concentrations in
the nonMORA lakes; the meawalues for NH" in MORA and noAMORA lakes were similar.

Similar results were determined for near bottom samples. When compared to mean ion

concentrations i national parks in the western United States (Clow et al. 2002), MORA lake near
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surface and nedoottom mean concentrations were within the range of values for lakes sampled in
the other parks: (1) K NH,", and NQ' mean concentrations in MORA lakes were similar to the
other park mean concentrations; (2),%@as in the lower range of values; an)l \BORA lakes

ca*, Mg*, Nd', and Cl mean concentrations were within the méthge of mean values determined
for the other parks (TablE2).

Trends in the concentrations of cations and anions were examined for August sar@pE3RA
lakes (Table 3). Nosignificant trends were determined for #Mg\NH,", and NQ', andno significant
trends were calculated for any of the ions in the near surface samplieke$ (LMO01, LZ27).

There was a significant negative trend for iBILN19; the trend for Kwas ngative in LW20 and
positive in LZ21; the trend for Navas positive in LCO7, LM04, LN19, LZ21, and LZ29; the trend
for C&* was positive in LM04, LZ21, and LZ29; and the trend fog®%@as positive in LN19 and
LZ21. Significant trends in near bottom saa®lvere limited, with Napositive in LCO7 and LM04,
and Cl positive in LZ21.Determination of the potential reasons for these trends was beyond the
scope of this assessmefithough there were significant trends tof the ions, the highest
concentrabns recorded for each ion in MORA lakes where a significant trend was determined were
much lower than the mean concentrations calculated f@dhenMORA lakes, and well within

the range of median concentrations for @hreational parks (Table4).

Alkalinity, Conductivity, pH, and Dissolved Oxygen

Near surface and near bottom mean values for ALKA, COND, and pH of 21 to 27 MORA lakes
(depending on parameter) sampled at leastime, predominantly in August, 1983001 (Table

15), were compared to meaalues of 13 MORA lakes sampled in 1983 (Turney et al. 1986), 23 to

27 MORA lakes sampled in 1988 (Larson et al. 1994), and mean values determined by Clow et al.
(2002) for6 national parks in the western United States. Mean values for each parameter were each
similaramongth@gr oups of MORA | ake samples: (1(® ALKA
CONDranged fron15.5t022.9¢ S/ ¢cm; and (3) pH ito@&7%7ddashed fr om
1988 2001 samples (Table 13). All MORA lake ALKA and COND mean values were within the
mid-range of mean values calculated for the otheestern US national parks; pH was circum

neutral ranging from 6.3 to 7.4 (Tablg)1

Near surfacerad near bottom mean concentrations of DO in 24 to 27 MORA lakes sampled at least
time, predominantly in August, 1988001, were compared to mean concentrations in 13 MORA

lakes sampled in 1983 (Tabl&)1The mean values were similar and ranged fromor&3 mg/L.

Lowest minimum concentrations (1.8 and 2.2 mg/L) occurred in near bottom samples for both groups
of lakes.
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Table 12. Descriptive statistics: near surface (ns) and near bottom (nb) concentrationsofcat i ons

and

a nNMoant RainiéréNatignalL )

Park lakes (19881 2008), Washington (WA) lakes (2007)?, and 6 national parksb in the western United States sampled in the fall of 1999.

MORA ns MORA nb

lon  Metric (19881 2008)  (1988i2008) WA (2007) GLAC LAVO ROMO SEKI YELL YOSE
ca®* nlakes 110 (3329 110 (3329 30 4 7 22 20 6 9

X (SD)  69.9 (65.1) 90.8 (70.9) 373.3(392.7) 307.6 26.2 67.3 57.8 453.2 29.1

median  48.9 78.8 184.6 239.3 10.4 62.3 55.4 319.8 26.9

range 0.96i 432.6 12.07 430.6 2711785 26.4i725.5 5.9i182.8 28411402 11.4i177.1 99.8i1196.6 6.4i61.8
K* nlakes 110 (3339 110 (3339 30 4 7 22 20 6 9

X (SD) 4.6 (5.4) 3.9 (3.1) 43 (216.9) 3.0 4.4 3.6 3.3 203.8 3.7

median 2.8 3.1 10 3.0 4.4 3.1 3.0 475 2.8

range 0i 48.4 1.27 19.7 2.6i 2034.4 2.2i3.7 1.5i18.9 2.0i 8.4 1.8i6.4 4.1i 908.6 2.2i8.4
Mg®  nlakes 110 (3339 110 (333°) 30 4 7 22 20 6 9

X (SD)  14.9(13.01) 18.6 (15.8) 321.7 (497) 157.5 20.4 16.9 5.5 135.6 4.8

median 124 15.6 101.2 129.6 15.6 15.6 3.7 74.0 4.1

range 0i 101.6 5.61 96.9 74.91 2893.2 20.5i350.5 5.7i56.7 8.2 46.9 1.6113.9 26.3i 428.7 1.619.8
Na" nlakes 110 (3339 110 (333°) 30 4 7 22 20 6 9

X (SD)  30.8(23.5) 35.4 (32.2) 603.3 (3720) 10.4 15.1 25.9 19.2 301.4 17.6

median  28.01 27.4 114 10.5 8.4 10.5 19.4 110.3 16.4

range 2.77 264.9 13.17 250.1  35.2 34654 4.2116.6 6.7i36.4  7.9197.3 4.37 48.2 11.7i 925.6 6.3127.5
NHs" nlakes 118 (3489 118 (348°) 30 4 7 22 20 6 9

X (SD) 0.85 (2.09) 0.97 (1.5) 0.55 (1.11) 00. 5 0.6 00. 5 0.6 0.7 00. 5

median  0.43 0.57 0.55 00. 5 00. 5 00. 5 00. 5 00. 5 00. 5

range 07 23.9 07 10.8 0.55i 3.9 00115 00i1B 00i3® 00i42 O0i2% 00i4D
Cl'  nlakes 92 (2429 92 (242 30 4 7 22 20 6 9

X (SD)  12.4(5.8) 13.9 (5.02) 226.8 (1052.4) 1.8 25 2.2 1.9 403.6 1.7

median  12.1 13.6 54.4 1.7 2.6 1.9 1.4 16.8 1.7

range 117 41.7 3.77 26.8 10.7i 9787.9  1.0i2.8 1.7i2.9 1.31 6.9 0.9i 6.2 3.3i1938.6 0.7i 2.5

n



Table 12. Descriptive statistics: near surface (ns) and near bottom (nb)c oncent r ati ons of cat i ountfRairaenNatioaahi ons ( € e 0
Park lakes (19881 2008), Washington (WA) lakes (2007)?, and 6 national parksb in the western United States sampled in the fall of 1999
(continued).

MORA ns MORA nb
lon Metric (19887 2008) (19881 2008) WA (2007) GLAC LAVO ROMO SEKI YELL YOSE
NOs' nlakes 118 (346°% 118 (346°) 30 4 7 22 20 6 9

X (SD)  0.2(0.7) 0.96 (3.6) 0.8 (4.03) 2.0 00.3 43 0.9 1.4 0.7

median 0.0 0.07 0.16 1.7 00. 3 1.9 00. 3 0.5 00. 3

range 07 7.8 07 37.9 0.161 35.9 00i4% 00.3 00i184 00183 00153 00i6%3
SO,” nlakes 92 (2439 92 (243° 30 4 7 22 20 6 9

X (SD)  6.96 (6.72) 6.68 (7.2) 281.5(1979.7) 21.8 4.0 25.7 9.1 646.9 5.8

median 5.2 3.7 28.1 17.2 2.3 21.9 6.7 30.3 3.8

range 07 51.8 0427 441  2.717i 18727 4.3148.6 0.6/ 16.4  12.8(65.9 1.2i41.1 41129373  1.7i13.2

¥9

Bell-McKinnon (2010)
®Clow et al. (2002); water samples were collected from the epilimnion

“Number of measurements



Table 13. Significant trends in the near surface and near bottom concentrations of cations and anions in 6

of 8 MORA lakes with 4 to 15 yrs of August samples collected from 1988 through 2008. Overall change

units = eeq/ L.
Sample Overall Number of
Location Lake lon Change Years
Near Surface LCO7 (Green) Na" +11.2 10
LM04 (Mowich) Na" +10.01 14
Ca' +12.3 14
LN19 (Reflection) cl' i2.45 5
SO, +4.82 5
Na* +1.04 10
LW20 (Clover) K" 71.28 8
LZ21 (Louise) S0, +7.19 6
Na* +18.84 11
K" +3.78 11
Ca +17.85 11
LZ29 (Snow) S0, +5.82 5
Na* +14.62 9
ca’ +37.22 9
Near Bottom LCO7 (Green) Na* +9.14 9
LMO4 (Mowich) Na* +7.57 11
LZ21 (Louise) cl' +2.82 4

Table 14. Ma x i mum

concent CA'tK, ola Cl',@ed 8Q.7 in p MORA takes where
significant trends for each index were determined (near surface / near bottom).

Lake ca” K Na* cl' SO,
LCO7 (Green) 48.3/59.6

LMO04 (Mowich) 84.6 33.5/315

LN19 (Reflection) 41.3 11.6 7.7
LW20 (Clover) 5.9

LZ21 (Louise) 48.9 5.3 36.7 12.7 10.3
LZ29 (Snow) 82.1 35.9 9.8
Non-MORA WA lakes mean 373.3 43.0 603.3 226.8 281.5
6 national parks range of medians 10.47 319.8 2.8147.5 8.41110.3 1.7116.8 2.3130.3
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Table 15. Descriptive statistics: values for alkalinity (eeq/ L)ampledkonduct i vit:
August 1988i 2001, MORA lakes sampled in August 1983% MORA lakes sampled Julyi September 1988°, and in 6 national parks® in the western
United States sampled in the fall of 1999. ns: near surface; nb: near bottom.

MORA  MORA

MORA ns MORA nb MORA ns MORA nb ns nb
Index Metric (19882001) (19882001)  (1983) (1983) (1988)  (1988) GLAC LAVO ROMO SEKI YELL YOSE
alkalinity n lakes 27 (45% 24 (45°) 13 26 23 4 7 22 20 6 9
X (SD) 140.7 141.8 139.5 1220 162.0 4572 617 763 635 6854 417
(105.5) (104.2) (128.9)
median 117.8 112.8 104.0 315 386 147 590 5337 322
minimum 15.2 21.8 42.0 10.0 26.0 39.1 138 147 7.2 1388 137
maximum 439.6 482.8 540.0 458.0 10020 11547 1654 1751 151.9 1621.1 75.3
conductivity  n lakes 21 (30% 21 (28% 13 13 24 22 4 7 22 20 6 9
X (SD) 22.9(16.6) 22.5(16.6) 155(13.6) 20.9(20.8) 15.2 21.3 444 7.0 122 90 2013 6.2
median 19.1 16.5 12.0 13.0 309 44 122 88 1271 56
minimum 5.4 4.8 4.1 5.9 4.0 4.2 6.1 3.1 6.3 3.1 21.0 29
maximum 70.2 73.7 58.0 72.0 57.9 80.3  109.7 17.0 239 210 711.0 103
pH n lakes 25 (43% 24 (44% 13 13 27 23 4 7 22 20 6 9
X (SD) 7.0(053) 6.7(0.68) 6.3(0.24) 6.3(0.17) 6.7 6.4 7.4 6.7 6.9 6.8 7.2 6.6
median 6.95 6.53 6.4 6.3 7.4 6.7 6.8 6.9 7.8 6.6
minimum 5.77 5.37 5.8 5.9 6.0 5.6 6.7 6.3 6.3 6.0 4.3 6.2
maximum 9.14 9.10 6.5 6.5 7.8 7.3 8.1 7.2 7.2 7.3 8.4 6.9
dissolved n lakes 27 (459 24 (457 13 13
oxygen
X (SD) 8.3(0.97) 7.2(22)  8.1(052) 8.0 (2.2)
median 8.0 7.6 8.0 8.3
minimum 7.1 1.8 7.0 2.2
maximum 11.1 10.6 8.7 10.2

% Turney et al. (1986)
® Larson et al. (1994)
°Clow et al. (2002); water samples were collected from the epilimnion

4 Number of measurements



Zooplankton

The occurrence of zooplankton (rotifers and crustaceans) in MORA lakes has been documented by
Larson et al.Z009), Fradkin et al. (2012), and a significant amouninpiublished data from 260

2013 (B. Samora, pers. comm.).

Larson et al(20097 Rotifer and crustacean assemblages were elucidated for 103 MORA lakes
sampled 1988005. They identified 45 rotifer and 44 crustacean taxa in the lakes and determined
that total zooplankton species distribution was generally limited: 56% of taxa vesenpiml to 4

lakes; 19% were present®to 10lakes; and 25% were present in 11 to 72 lakes. They also

identified4 rotifer taxa Conochilus unicornis, Kellicottia longispina, Keratella cochleaasd

Keratella taurocephalpand7 crustacean taxd@phnia ambigua, Daphnia rosea,

Hesperodiaptomus franciscanus, Hesperodiaptomus kenai, Leptodiaptomus signicauda, Holopedium
gibberumandMicrocyclops varicansas indicator species of unique zooplankton assemblages. The

11 species were so identified becao$ their broad niche breadths, which suggested that they have
wide tolerances to the physical and chemical gradients present in MORA lakes.

Fradkin et al.(20121 Fradkin et al. (2012) reported results of the analysis of zooplankton data
collected froml8 North Coast and Cascades Network (NCCN) lakes &parks 6 MORA, 6

North Cascade$ Olympic) during August and September, 2009 as part of the NCCN Lake
Monitoring Program. They recorded 20 tag8adtifer and 12 crustaceans) fr&@MORA lakes, with

13 taxa 6 rotifers and7 crustaceans) present in ordlpr 2 of the lakes. They found that assemblage
structure among the parks was significantly different. Zooplankton assemblages in MORA lakes had
the highest diversity gradient among the parks baséldeopresence of more taxa (11.2 MORA > 9.0
NOCA > 7.2 OLYM), higher richness (2.55 MORA > 2.32 NOCA > 1.92 OLYM), and a higher
Shannondés Diversity Index (2.21 MORA >2 2.03 NOC
rotifer taxa Conochilus unicornis, Keratiel cochleari$ and 4 crustacean tax@dphnia rosea,
Hesperodiaptomus arcticus, Holopedium gibberum, Microcyclops vajicamsributed the most to
community structure.

Macroinvertebrates

Macroinvertebrate samples were collected from 15 MORA lakes in 28942 lakes in 2007 (24

lakes in both years). A total of 97 taxa were collected in 2004, and 59 taxa were collected in 2007,
representing 18 taxonomic groups. Occurrence was limited: 73% of 2004 taxa were presebt in
lakes (45% in 1 t@ lakes), and2% were restricted to individual lakes; 80% of 2007 taxa were
present in 1 t& lakes (58% in 1 t@ lakes), and 21% were restricted to individual lakes. Twelve taxa
with the widest distributions in both years were present in 11 to 15 lakes in 2084caibd lakes in
2007 (Table ®).
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Table 16. The most widely distributed macroinvertebrate taxa in MORA lakes, 2004 and 2007.

Number of Lakes

2004 2007

Taxa Order: Family (n =15) (n=12)
Ablabesmyia Diptera: Chironomidae 12

Acari Arachnida (Class) 15 8
Aeshna Odonata: Aeshnidae 11

Callibaetis Ephemeroptera: Baetidae 13

Dytiscidae Coleoptera: Dytiscidae 13 11
Halesochila taylori Trichoptera: Limnephilidae 11

Oligochaeta Clitellata (Class) 15 11
Paratanytarsus Diptera: Chironomidae 11

Procladius Diptera: Chironomidae 13 12
Psectrocladius Diptera: Chironomidae 11 8
Sphaeriidae Veneroida: Sphaeriidae 12

Tanytarsus Diptera: Chironomidae 14 12
Lake Ice-Out

Unpublished surface water temperature data collectedl@RA lakes from 2004 through 2011 was
used as a proxy to access potential changes in estimated ake @ates. Thé lakes selected for

this analysis had fromto 7 yrs of estimated lake iceut dates. Ice@ut date was defined as the day,

in JulianDays, when the lake hourly surface water temperature rose rapidly to above 4.5°C, and did
not fall below 4.0°C after iceut (MORA 2011). Based on simple regression analysis of the 9 lakes
(Table I7), 4 lakes showed no significant change in estimategitelate, while5 lakes showed a
significant positive change, with igmut occurring later in the season (ANthy through mid

August). ANOVA showed that between tAgroups of lakes (i.e., lakes with no significant trend

[ns] and lakes with a significant][send) there was no significant correlation with lake elevation (F
=3.46,P = 0.10;X [hs)= 1608 mx [s; = 1453 m) or maximum depth (F = 0.5 0.40;X g = 12.1

m, X 51 = 17.8 m); however, the numbers of years of collected data appeared to be a significant factor
between the groups (F = 21.7% = 0.002;X [hs = 4.2 ¥'S, X [s] = 6.6 y). This outcome suggests
thatidentifying changes in estiated lake iceout times requires the collection of datzer time

periods of at least yrs, however, this resuttould simplybedue to the small sample size used is th
analysis.
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Table 17. Regression outcomes for unpublished ice-out date data for 9 MO R A

indicates significant increase.

| a k edsyrs of meaBure@ents. Zmax = maximum depth; *

Ice-out Range

Ice-out Range

GIS Code Name Elevation (m) Zmax (m) No. Years Julian Days Date R® P

LC35 Crescent 1697 29 5 183i 224 2 July 7 11 August 0.21 0.433
LFO4 Ethel 1326 29.5 5 1321 187 12 May 1 6 July 0.88 0.019*
LMO1 Eunice 1635 20 7 1477 222 27 May i 10 August 0.58 0.046*
LM30 Unnamed 1496 9 4 17571 206 24 June i 24 July 0.60 0.227
LN19 Reflection 1479 115 7 1447 208 24 May i 27 July 0.62 0.036*
LO12 Shriner 1490 35 4 1271171 7 May i 20 June 0.04 0.796
LW26 Sunrise 1750 7 4 1501 184 30 May i 3 July 0.32 0.431
LZ21 Louise 1401 17.2 7 1307 196 10 May i 15 July 0.60 0.041*
LZ29 Snow 1426 10.7 7 1447 208 24 May i 6 July 0.77 0.009*




Lakes of Management Concern

Twenty-five MORA lakes weredentified as beingf management conce(Rawhouse et al.

2012Appendix D) None of these lakes weB83d listed under the CWMARased on informed risk

criteria (Rawhouser et al. 2012, Table 1.24, p. 43), 16 lakes (64%) were ranked as being at minor risk
of impairment(stressors are dispersed over a large area and resources would return to reference
condtions without implementing restoration activities if stressors ceased); and 9 lakes (32%) were
ranked as being at moderate (stressors are readily apparent and measureable, but with limited spatial
extent) or high (stressors are substantial and measurbggblly, noticeable and affect a large area)

risk of impairment. Four lakes (LW40, Mowich, Reflection, and Tipsoo) were ranked as threatened.

Assessment

Examination of the trophic state of MORA lakes based on concentrations of CHLA, TN, and TP
shows that llkes in the park are relatively low in productivity with low nutrient concentrations and
are, therefore, predominantly oligotrophic. This outcome is similar to results determined for MORA
lakes by Clow and Campbell (2008). Further, examination of CHLA,anid, TP concentrations in

the 8 lakes with multiple years of data also showed that although there were significant positive
trends for TN and negative trends for TFsiaf the lakes, temporal changes in productivity and
nutrient concentrations are relatiyéenign. Analysis of DIN:DTP ratios also indicated t8a%o of

the 127MORA lakesanalyzedare either nitrogen limited or domited in nitrogen or phosphorus.

Concentrations of cations and anions in mountain lakes are typically low, influenced barizhsin
catchment geology and vegetation associated with low rates of weathering, thin soils, high water
fluxes, and relatively sparse vegetation (Baron 1888chetto et al. 199%kjelkvale and Wright

1998). Because of their low ion concentrations, mounékies are generally considered to be
sensitive to atmospheric inputs and acidification (Skjelkvale and Wright €368 and Campbell

2008). MORA lakes, based on their ion concentrations in this assessment, are no exception to this
widely-accepted view (trney et al. 198@.arson et al. 1994CIow and Campbell 2008). Although
MORA lakes at present show conflicting limited shifts in concentrations of ions (Nieber et al. 2011,
and the results of this report), the lakes in the park remain susceptible tiigp&iéure changes due

to atmospheric deposition of pollutants, precipitation acidity and acidified snowmelt runoff (Samora
and Clow 2002Clow and Campbell 2008), and changes in local and regional climate (Hauer et al.
1997 Murdoch et al. 200Parmesar2006).

Measuring alkalinity, conductivity, and pHameway to characterize the acid sensitivity of poorly

buffered surface waters (Ontario Ministry of the Environment 18FICC 1981 Turney et al. 1986
Radt ke et al . 1998). COKNPs<@bt bSACLKA &af0@O0pkegblL
to be sensitive to acidification (NRCC 198Lrney et al. 1986). Six of the 27 MORA lakes

examined in this analysis had mean ALKA and COND values above the threshold for each

parameter, indicating that 21 of tlakes surveyed are likely sensitive to acidification based on their

ALKA and COND levels. Conversely, 25 of the lakes had pH values above the pH threshold for acid
sensitivity.

Dissolved oxygen concentration is an important water quality parameter irftedvadtic
productivity in freshwater ecosystems and a primary indicator of the capacity of surface waters to
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support aquatic life. In surface waters not naturally intended for salmonid production, such as the

MORA lakes in this analysis, DO concentrason O6 mg/ L f or aquatic organi
invertebrates and O8 mg/L for invertebrates ind
concentrations O5 mg/L to below the upper thres
production impairmen(Chapman 1986)n general, the near surface and near bottom DO

concentrations in MORA lakes are most often above the upper threshold limits and are therefore
adequate for supporting aquatic biota. Low DO concentrations (e.g. 1.8 to 4.8 mg/L), agdandirre

of 45 near bottom measurements recorded for MORA lakes between 1988 and 2001, are typically
episodic and probably due, in part, to increased organic oxygen demand near the lake bottom. No

near surface measurements recorded for MORA lakes were €7 mg/

A total of 108 zooplankton taxa (55 rotifers and 53 crustaceans) have been identified from MORA
lake samples. The results of Larson et al. (2009) and Fradkin et al. (2012) indicate that the
distribution of zooplankton in MORA lakes is relatively limiteith 56 (Larson et al. 2009) to 65%
(Fradkin et al. 2012) of taxa present in ohlp 4 or 1 to 2 lakes, respectively. Both studies did,
however, identifyé (Fradkin et al. 2012) to 12 (Larson et al. 2009) species that contributed most to
and were indic@rs of MORA lake zooplankton community structure and assemblages. The
4-indicator rotifer species in MORA lakes are known to be common members of zooplankton
assemblages in other western North American mountain lakes; wher@aadieator crustacean
gpecies in MORA lakes are more similar to dominant taxa in lakes of the Sierra Nevada in California
than to dominant taxa in lakes in the Canadian Rockies, Yukon, and Northwest Territories (Larson et
al. 2009). According to Larson et al. (1994, 1999), zawktion taxa and assemblages (especially
crustaceans) vary spatially and temporally in MORA lakes, although the coshonunant species
reported in 1994 and 1999 are similar to taxa reported by Larson et al. (2009) and Fradkin et al.
(2012). This indicatethat the species primarily contributing to zooplankton assemblage structure in
MORA lakes are relatively stabl&hree broad categories associated with landscape characteristics,
zooplankton assemblages, and water qudiaye also been tentatively iddi@d that contribute to
variability in assemblage composition and distribution in MORA I¢késmas and Torgersen, In
Prep). Landscape characteristics inclu@lgroups:(1) lower temperare and higher solar radiation;
and (2) higher temperature and lowgelar radiation, as well as precipitati@moplankton

assemblages were classified by distinct communities of rotifers, communities of mixed rotifers and
crustaceans, and various communities of rotifers and crusta¥€ates.quality characteristicould

also be groupebased on either higintermediateor low levels of conductivity, alkalinity, and pH

as well asigh dissolved oxygen and low temperature.Seheategories and the@lationshig are
indicative ofbroad environmental conditions in MORa&kes and ponds.

The limited distribution of macroinvertebrates in MORA lakes is similar to their distribution in other
relatively undisturbed and pristine mountain lakes. In North Cascades National Park Service
Complex, Washington, Hoffman et al. (199@mpled 41 lakes, 1989991. They identified 88 taxa
representing 16 taxonomic groups, with 72% of taxa presé&niriewer lakes, and 25% restricted

to individual lakes. Lafrancois et al. (2003) also recorded the limited distribution of
macroinvertebrizs in 22 lakes in Rocky Mountain National Park and the Indian Peaks Wilderness
Area, Colorado. They identified 48 taxa of which 70% were presdhbiriewer lakes, and 22%
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were restricted td or 2 lakes. This distribution pattern is similar in lakegre# Austrian, Italian, and
Swiss Alps. Fureder et al. (2006) sampled 55 alpine lakes in a large watershed comprising the 3
countries and identified 144 taxa; 67% were preseBbinfewer lakes, and 39% were restricted to
individual lakes. Likewise, Odrtet al. (2008) sampled 25 cirque ponds in the Swiss National Park,
Switzerland, identified 47 taxa, and found that the macroinvertebrate assemblages in these ponds
were species poor compared to lower elevation ponds. The results of these studiedhaditee

limited distribution of macroinvertebrates in MORA lakes is not unique, and that mountain lakes and
ponds act as refugia for macroinvertebrates of limited distribution across these higher elevation
landscapes. This pattern of distribution is agsed, in part, with (1) variability in the dispersal

ability of taxa; (2) the distance and connectivity (or discontinuity) among lakes; (3) physical
characteristics of the lak@asin terrestrial environment; and (4) the adaptation of many taxa
inhabitingthese lakes to coldtenothermal andligotrophicenvironments (Hoffman et al. 1996;
Lafrancois et al. 2003; Catalan et al. 2006; Fureder et al. 2006; Oertli et al. 2008).

Clow and Campbell (2008) examined potential effects of the atmospheric depokitiorganic

nitrogen and sulfur o@ MORA lakes, Eunice Lake (LM0O1) and Lake Louise (LZ21). Potential

effects include episodic or chronic acidification, and, with respect to nitrogen, possible lake
eutrophication or increased productivity. MORA receives air pollution from local, regiowial, an
possibly global sources (NPS 2002), including emissions from Seattle, Tacoma, and Vancouver in
Washington, and Portland, Oregon. The primary influence on lake acidity appears to be melting
seasonal snoywack containing dilute, slightly acidic water, agwisodic acidification is possible

during rairon-snow events, primarily in late spring and early summer (Clow and Campbell 2008).
The scale of these episodes, however, is not known. Historicaglekey data indicates that nitrate
concentrations have be very low in MORA lakes, with the annual voluweighted concentration

of inorganic nitrogen at the MORA National Atmospheric Deposition Program/National Trends

Net work site at Tahoma Wa005(ClowaandeCanaphgeil 2008). Sulfate € e q /
concentrations have decreased significantly at Eunice Lake, which is the site nearest upwind from a
power plant in Centralia, Washington, where emission controls were added in 2001; the wet
deposition of sulfate at T a200b(Cow aid Gamnpbell2008)r a g e d

There has been concern that water quality conditions in Lake Ethel (LF04) are changing relative to
conditions in other MORA lakes. Analysis of values for 16 water quality parameters determined from
Lake Ethel samples collect@@04 2009 indicates that all Lake Ethel parameter values fall well

within the range of values calculated for each parameter for other MORA lakes samplé@00988
(Table B). Based on these data, Lake Ethel is, on average, a niliogesd oligotrophicsystem

with the mean values of GISQ/', DO, and pH in Lake Ethel equivalent to their mean values
determined for other MORA lakes; the mean values of TN, N:P ratig},MHd NQ" in Lake Ethel

each somewhat lower than their mean values determined farMtBRA lakes; and the mean values

of CHLA, TP, C&", K*, Mg®", Na", ALKA, and COND somewhat higher in Lake Ethel than in other
MORA lakes. Based on these data, the water quality characteristics of Lake Ethel generally appear to
be quite similar to the chacteristics of other MORA lakes.

Analysis of surface water temperature used as a proxy for the date of kake indicated that i®
of 9 MORA lakes the estimated igmut date showed a significant trend toward occurring later in the
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open water seasomhis change was not significantly related to lake elevation or maximum depth,
but was significantly related to the number of years of estimateabliicéates. This result suggests
that longefterm temporal data collection may better reveal this trend (Mamm1990). It is not
presently specifically known what factors contribute to this later occurrence-afiice MORA
lakes, but the trend may be attributed, in part, to possible-&rortchanges in local and regional
environmental conditions affecteg blimate (Murdoch et al. 200@armesan 2006). It is instructive
to note that the present trend in MORA lakes to at&urring iceout is opposite of what has been
found in lakes of the Great Lakes region (Jensen et al. 2007) and New England (Hadagkins e
2002). Jensen et al. (2007) found that lake freeze and-bpedétes during 1972004 have been
occurring more rapidly than historical rates (184895), and that average ice duration and the
average number of days with snow have decreased. Hodglahg2002) found that ieeut dates in
New England lakes have become significantly earlier since 1850. Although these results are
conflicted, it is likely that change in climate is affecting theace dynamics of the lakes in these
regions and at MOR (Murdoch et al. 2000).

Conclusion

MORA lakes are generally low in productivity and nutrient concentrations, and tend to be either
nitrogen limited (58 of 127 lakes analyzed) oflicoited (nitrogerphosphorus; 61 of 127 lakes). The
lakes have low ion caentrations and tend to be poorly buffered, which makes them susceptible to
acidification and atmospheric deposition of nutrients and pollutants. Zooplankton and
macroinvertebrates are limited in occurrence and distribution, and many individual taxa et t

be present in a relatively small number of lakes, which act as refuges for numerous localized taxa
occurring across the MORA landscape. Finally, although the temporal length of surface water
temperatureneasurements is short (i.e., maximuiyrs), the timing of iceout in some MORA lakes
appears to be changimgverall, MORA lakes are predominantly oligotrophic and identified changes
in water quality parameters occur below the upper threshold for this trophic state. At presént,
MORA lakes can beated as being minimally disturbed by rstochastic natural perturbations or
human activitiesHowever, 25 lakes have been identified as being of management concern, and 9 of
these lakes have been ranked as being at moderate to high risk of impairen@emtaiustochastic
natural perturbations or human activitiddakes are considered threatened.
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Table 18. Comparison of mean values and ranges for water quality indices: Lake Ethel (LFO4) and MORA
lakes data (19881 2009). Cations, anions, alkalinity, conductivity, dissolved oxygen, and pH values are all
for near surface samples. H = Lake Ethel mean higher than MORA lakes mean; L = Lake Ethel mean
lower than MORA lakes mean; E = Lake Ethel mean equivalent to MORA lakes mean.

Lake Ethel MORA Lakes Lake Ethel MORA Lakes Lake Ethel

Index mean mean range range average condition
Chlorophyll a 1.07 0.39 0.1812.68 0.0051 4.8 Oligotrophic; H
Total Phosphorus 115 8.5 9i 14 >01 195 Mesotrophic; H
Total Nitrogen 0.06 0.12 0.0210.17 >0i 1.2 Oligotrophic; L
N:P Ratio 51 17.8 2112 21 43 Nitrogen limited
ca? 89.6 69.9 81.81100.2 0.961432.6 H

K* 11.9 4.6 10.5113.4 >0148.4 H

Mg** 24.9 14.9 23.0128.9 >01 101.6 H

Na* 51.6 30.8 48.9154.7 2.71264.9 H

NH," 0.05 0.85 >0i 0.38 >0i 23.9 L

cl' 11.8 12.4 10.4113.9 1.1i41.7 E

NO3' 0.03 0.2 >0i 0.21 >0i 7.8 L

Sl 8.4 7.0 7.718.9 >0i 51.8 E

Alkalinity 180.6 140.7 134.81 218.9 15.21439.6 H

Conductivity 39.7 229 23.3156.0 5.45170.2 H

Dissolved Oxygen 8.95 8.3 8.519.3 7.171111 E

pH 6.8 7.0 6.317.5 5.8i9.1 E

4.2.5 Emerging Issues

There are8 basic issues that have the potential of affecting the present status and health of MORA

lakes. Climate change continues to be a global, regional, and local threat to aquatic ecosystems, with

the potential of leading to chronically degealdvater quality due to episodes of climetéuced

stress related to changes in precipitation and temperature regimes (Hauer et, Mut86¢h et al.

2000).Lake biotic species and assemblages will also most likely change in response to climate
changehowever the mechanisms and types of changes are relatively complex and, at present, not

well understood (although see Vinnebrooke and Leavitt 1999 and Messner et alA2b3pheric

deposition of nutrients (e.g., nitrogen, phosphorus, and carbonpHduatapts (e.g., sulfate, mercury,

and other airborne contaminants), from nearby urban locations (e.g., Vancouver, BC; Puget Sound,

WA, Portland, OR) and global sources, also have the potential of degrading MORA lake water

quality (Carpenter et al. 199Blast et al. 2003). Because of their overall low buffering capacity,

MORA lakes tend to be susceptible to acidification; and increased inputs of nutrients such as

nitrogen and phosphorus could, in time, cause changes in the trophic status of some lakes. The
Washington State Department of Ecology, for example, has developed action values for establishing
nutrient criteria for Cascades Ecoregion lakes based on the concentration of ambient TP (Table
230[1], p. 24; WDOE 2012). L ark cersideved dligotroph® c onc e n
410 e€g/ L) or uMBbtegolL)gowheplkias (0O | akes with ¢
recommended that lake specific studies be initiated to evaluate lake characteristics for identifying
potential sources of threat impairment (if any). Of the 137 MORA lakes with documented TP
measurement s, 47 (34%) have TP concentrations >
in MORA lakes is also a concern. Recent research has shown that fish sampled from a fewksmall pa
lakes have exceeded mercury health thresholds feefithg animals as well as for humans. A study
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begun in 2012 is designed to determine the magnitude and extent of this contamination. Although a
relatively minor issue, the introduction of invasivguatic species (e.g., Brazilian Elodea, Eurasian
Watermilfoil, New Zealand Mudsnail, Zebra Mussel, and various fish species) into MORA lakes is a
potential threat to lake water quality. The primary avenue for introduction is most likely accidental,
with ddiberate introduction being least likely.

MORA has implemented a limited lake monitoring program as part of the North Coast and Cascades
Network natural resources monitoring program. Six core MORA lakes are included as part of this
monitoring effort. Thestakes should continue to be monitored by measuring parameters that are
useful indicators of ecosystem change due to each of the issues identified above. Additional lakes
should be added to this core group of lakes should monitoring indicate any chathgestatus or

trends of water quality or the presence of invasive aquatic species in any of the core lakes being
monitored.

Rawhouser (unpubtiata) applied the River Invertebrate Prediction and Classification System
(RIVPACS) to benthic macroinvertebratata collected from Mount Rainier lakes from 202d05.
RIVPACS is a statistical model which enables the user to estimate the macroinvertebrate community
expected at high quality reference sites using information on their environmental characteristics
(Wright et al. 2000). The model consists of categorizingéference sites ithe modeHdatabase into

a number of discrete community types. By measuring the environmental characteristics for a new site
of interestauser can predict the probability of membership of each community type, and the overall
referencecondition.The model generates a list of taxa expdat a lake given certain environmental
conditions in the absence of human activity. Rawhouser developed a model for MORA lakes based
on collecteddatg and compared expected to observed species rickiakss. He developed

Impairment Thresholds based on these data and found that out of 43 sites of concern, 33% were
below expected valuesdicating potential water quality and habitat impairment; 5% of¢hsies

were well below referenasonditions indtatingsubstantial impairment of water quality and habitat.
Additional analyseshoweverjs needed to further verify the model.

Wetlands are considered the most sensitive ecosystems to climate change because wetland
hydrology,andstructure and functioeachrespond dynamically to changes in temperature and
precipitation such as those predicted for the coming century (Carpenterl®0&) Poiani et al

1996 Burkett and Kusler 20Q0PCC 20012007, Erwin 2009). Neafcoastal areas of the Pacif
Northwest are among the most sensitive regions in the western U.S. to climate change, amplifying
consequences for wetlands in our region (Cayan 208l Mote 2003 Hamlet et al. 2003Viote et

al. 2005 Nolin and Daly 200pHamlet et al. 2007). Warming in aéasons, increasing precipitation

in fall, winter, and spring, and decreasing precipitation in summer may all contribute to shifting
patterns of wetland hydrology and resulting changes in ecological function (Mote and Salathé 2010
Lee et al.In prep). Fve wetland dependent Federal and State listed Species of Concern inhabit park
wetlands. Developing projections for how wetlands may change in coming decades and identifying
opportunities for climate adaptation action are key steps in preserving thasgesegsources.
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4.2.6 Information and Data Needsi Gaps

An on-going attempt should be made to collect data from MORA lakes to examine the possible
presence of aiborne contaminants and pollutants of local, regional, and global origin (see also 4.1
Air Quality and Air QualityRelated Values)-or example, mrcury (Hg) contamination of aquatic
ecosystems poses considerable risks to human and wildlife health (Scheuhammer et al. 2007).
Recently completed research on contaminant deposition throughout WesiemaNaarks (Landers

et al. 2008) identified surprisingly elevated Hg concentrations in fish collected from isolated lakes in
MORA. In fact, Hg concentrations in fish exceeded criteria developed for the protection of both
human and wildlife health. Howevesnly 2 MORA lakes were included in the study, which

prohibited any detailed assessment to evaluate the extent of contamination, or the watershed,
landscape, and ecological factors that might be influencing Hg concentrations. Thus, additienal high
resoluton efforts focusing on the magnitude of Hg contamination, factors controlling contamination,
and potential effects to human and ecosystem health are needed to help guide future management
efforts

In addition to continuing to collect water quality datanfrthe6 core monitoring lakes, it would be
advantageous to continue to measure air and water temperatures and water level at those lakes,
expanding to additional lakes whenever possible.

Lake riparian disturbance surveys have also been conductedentil lakes over multiple years; data
collection includes survey plot impact descriptions and qualitative ste@eshore disturbance
scores. These data should be analyzed in the future using multivariate aRalgslts can be used

to establish indidars and standards to address user capacity concerns at lakes with heavy
recreational use.

The Rawhouser study initiated in 2004#tled Use of Invertebrates for thessessment dmpairment
of WaterQuality andBiological Integrity in Mount Rainier Naticad ParkLakes, with emphasis on
developing potentidNPSVERP (Visitor Experience and Resource Protection) framewmgicators
for recreational use, should be completed and published. Data will be useful for monitoring
recreational use and other anthropoig stresses to park lakes.

Approximately 678 MORA wetlands have been inventoried (12889), and a subset of the

wetlands (from 91 to 543) have been sampled for pH, maximum depth, presence of wildlife
(including amphibians, fish, and invertebrates)many vegetation and qualitative estimate of cover,
and soil composition. All parameters except pH and maximum depth were qualitatively assessed. It
would be beneficial for MORA to more intensively sample and monitor a representative subset of
wetlands in e future giverthatthese shallow aquatic ecosystems are sensitive indicators of climate
change.

The MORA aquatic resources program has collected a significant amount of data for numerous lake
water quality parameters. It would be most expedient if tHateewere organized and consolidated

into a single database with categories or components for physical, chemical, and biological
characteristics that could be linked for analysis. It would also be useful for all site and sample labels
to be consistent fall years, and for the metrics of all measurements and concentrations to be clearly
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identified and definedOnce organized and annotated, 20e yrs of data should be published in the
Natural Resources Data Report series to facilitate future scientificamopark lakes, provide data
for supporting the antiegradation regulationas well as support efforts to designate Outstanding
Natural Resource waters in the park.
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4.3 Stream Water Quality
(Robert L. Hoffman, USGS FRESC)

4.3.1 Introduction

Streams and rivers are an integral part of the landscape of Mount Rainier National Park (MORA).
Their characteristics express variations in local camstassociated with geology, geomorphology,
hydrology, climate, and environmental stochasticity, and are useful indicators of watershed vitality
and health (Naiman et al. 1992). Water quality comprises physical, chemical, and biological
constituents thagxpress the overall health and condition of streams and rivers. In the Pacific
Northwest, streams and rivers are generally oligotrophic relative to nutrient status, low in acid
neutralizing capacity, high in chemical quality, and typically cool in tempergWelch et al. 1998).
There are approximately 470 mapped MORA streams and rivers present in 10 m&joelatidely
minor watersheds (FigurE3), and the tributaries of all b@twatersheds (Huckleberry Creek,
Ohanapecosh River) are glacially influedc
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Figure 13. 6th field HUC watershed boundaries, Mount Rainier National Park.
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4.3.2 Approach

Several sources of information and data were used to complete the assessment of the water quality of
MORA streams and rivers. Assessment of trends in anions and cations was accomplished by
summarizing the results of an analysis completed using data edliieom6 sites, 20082010

(Nieber et al. 2011). Descriptive statistics (i.e., mean, SD, median, and range) were calculated for
concentrations of 13 water quality parameters measured at 29 siteis] 998%MORA, unpublished

data). The occurrence and distutions of macroinvertebrates were assessed based on samples
collected from 13 stream and river sites, 27, and these results were used to evaluate stream
condition at each of the sites. Macroinvertebrates in 80 streams were also sampliez) 29a4d
preliminary observed versus expected (O/E) scores based on these samples were used to predict the
condition of 45 of the streams (A. Rawhouser, NOCA, unpubl. daé&suts of the ranking of

wadeable steam and rivestchment®f management concern midied in Appendix B and D of the

NCCN Water Quality Monitoring Protocol (Rawhouser et al. 2012) were summarized to elucidate
thepotentiallevel ofrisk of MORA steans and rives to impairment.

4.3.3 Reference Conditions and Comparison Metrics

The condiion of MORA streams and rivers were assessed using results and criteria from the
following sources and programs. Concentrations of anions and cations in MORA streams and rivers
were compared to concentrations measurédnagstern USGS Hydrologic Benchmaxletwork

water quality stations in Colorado, Idaho, Oregon, and Washington. Washington surface water
guality standards (WDOE 2012) for dissolved oxygen, pH, and water temperature were used to
assess the condition of these parameters in MORA streams argl G@wonductivity, total nitrogen,

and total phosphorus in MORA streams and rivers were compared to disturbance thresholds
determined for these parameters as part of the EMAP assessment of western streams and rivers
(Stoddard et al. 2005). The general dtinds of the 13 MORA stream and river sites were assessed
using the Level Il assessment indices developed as part of the Oregon Department of Environmental
Quality stream macroinvertebrate protocol (ORDEQ 1999). The indices included: (1) taxa richness
(total number of families); (2) mayfly richness (total number of families); (3) stonefly richness (total
number of families); (4) caddisfly richness (total number of families); (5) % Chironomidae (total
number of chironomids divided by the total number ofoigms sorted); and (6) % dominance (total
number of thé8 most abundant taxa divided by total number of organisms sorted).

As part of the development of the NCCN Water Quality Monitoring Protocol (Rawhouser et al.
2012), a ranking process was develomeddtimate théevel ofrisk of MORA wadeable streamnd

river catchments$o impairment due to human activities and charagssciated witkvater quality.

Initially, a list of streams and riversf management concern was created based on professional
opinion as well as angtreams and rivetthat were 303d listed under the Clean Water Act (CWA).

The human activity metrics included trail density, road density, road crossings/stream km, %
developed area, and number of mines within a watershed. Water gaatityatednetrics included:

(1) waters classified as impaired (Category 4, 4a, 4b or 5) from the 303(d) report that are within or
drain into MORA (Rawhouser et al. 2012, Table 1.12, p. 26); (2) streams that drain from watersheds
classified as being at aghi risk of impairment during the watershed assessment (Rawhouser et al.
2012, p. 2824); (3) waters ranked at a high risk level in the informed risk assessment (Rawhouser et
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al. 2012, Table 1.24, p. 43); and (4) water bodies within MORA that receivefreateany of the
above sources, even if those sources are outside park boundaries.

4.3.4 Results and Assessment

Nieber et al. (2011) analyzed and summarized tren8smons and cations for6 MORA stream
and river sites that were sampled Z0®&10. Of he 48 cases(sites x8 ions), they found 18 cases
of significant positive trends in ion concentratiofsases of significant negative trends, and 24
cases with null trend9 &ble 19) Most of the 18 positive trends (50%) were associated with
increasesn concentrations of N (5 of 6) and K (4 of 6). Mean concentrations for ti&gons in
samples collected from titesites are summarized irable 20.

Between 137 and 332 measurements were completed at 29 MORA stream and river sites between
1985 andl995 for 13 water quality parametef@ble 2). Mean nutrient concentrations were

relatively low (0.0050.04 mg/L), as were alkalinity, conductivity, and water temperature. Mean
dissolved oxygen concentration was relatively high at 10.5 mg/L, and pHir&moge 5.5 to 8.3.

Twelve macroinvertebrate groups comprising 100 taxa were identified in MORA stream and river
samples collected 2@02007 (Table 22. Forty-six percent of taxa were in the orders Plecoptera and
Trichoptera, and an additional 46% wereha brders Ephemeroptera, Diptera (Chironomidae), and
Diptera (notChironomidae). Most taxa were relatively limited in distribution with 52% present at
only lor 2 sites (31 and 21 taxa, respectively). Only 15 t&able 23 were present at >50% of sites
(7t09) and 40% of these taxa were in the order Ephemeroptera.

Table 19. Trend analysis (20037 2010) for 3 anions and 5 cations at 6 locations in MORA (from Nieber et
al. 2011). (+ = positive trend; - = negative trend; 0= no trend).

¥

+
ey

Location Obs. CI' NOs SO, Na" NHs Mg® ca*

Chinook Ck at Ohanapecosh R
Nisqually R below Longmire
Nisqually R at Sunshine Point
Nisqually R at Glacier Bridge
Ohanapecosh R at Campground
Ohanapecosh R at Chinook Ck

© © © © © ~
+ 0o = + 0
oOooooo
O+ 0 + 0o
oo - -+ 0O
+ + 0+ + +
+ + oo + +
o+ o0 + +
oo - =+ 0O

Table20. Ani ons and c¢ &MORAmstseant sites ¢ 1200y Désoriptive statistics. (Rybka et
al. 2008; Nieber and Johansen 2010; and Nieber et al. 2011)

lon Mean Median SD Range
Chloride 49.7 314 49.8 10.471193.3
Nitrate 0.30 0.299 0.24 0.017 0.89
Sulfate 53.7 40.1 41.0 13.41177.4
Sodium 123.2 111.6 66.1 53.21293.3
Ammonium 2.10 1.77 1.32 0.52i5.34
Potassium 10.1 9.3 5.0 4.2121.9
Magnesium 76.2 63.1 514 21.91203.3
Calcium 227.9 215.2 112.1 64.31379.5
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Table 21. Descriptive statistics for 29 MORA stream and river sites sampled 19851 1995 (MORA, unpubl.
data).

1

Parameter n Mean SD Median Range
Water Temperature (°C) 326 6.9 3.1 6.8 171195
Conductivity 286 61.7 715 41.7 5.71518.3
Dissolved Oxygen (mg/L) 137 105 1.3 10.8 2i 13
pH (standard units) 309 7.4 0.4 7.4 5.518.3
Al kalinity (e 283 186.8 176.1 114.2 16i 984
Turbidity 301 32.4 55.4 3.2 0.09i 330
Suspended Solids 332 324.5 733.9 36.6 0i6171.7
Dissolved Solids 264 52.1 30.8 45.0 0i 214
Total Nitrogen (mg/L) 263 0.029 0.049 0.016 0.00171 0.52
Ammonia (mg/L) 274 0.005 0.009 0.002 01 0.066
Nitrate-Nitrite (mg/L) 284 0.017 0.017 0.015 01 0.17
Total Phosphorus (mg/L) 283 0.04 0.03 0.034 0.00171 0.185
Orthophosphate (mg/L) 283 0.022 0.02 0.017 01 0.119

'total number of measurements completed at the 29 sites

Table 22 Taxa Groups collected from 13 MORA stream and river sites, 20047 2007.

Group Level of Identification  # Taxa
Arachnida Class 1
Coleoptera Family - Genus 3
Diptera i Chironomidae Complex - Genus 17
Diptera i not Chironomidae Family i Genus 12
Ephemeroptera Genus i Species 17
Gastropoda Family 1
Nematoda Phylum 1
Oligochaeta Subclass 1
Ostracoda Class 1
Plecoptera Family i Species 24
Trichoptera Group i Species 21
Turbellaria Class 1
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Table 23. Taxa collected from >50% (7 to 9) of the 13 MORA stream and river sites from which
macroinvertebrates were collected, 20057 2007.

# Sites  Taxon Order - Family
9 Baetis bicaudatus Ephemeroptera - Baetidae
Dicranota spp. Diptera - Tipulidae
Drunella doddsi Ephemeroptera - Ephemerellidae
Epeorus grandis Ephemeroptera - Heptageniidae
Oligochaeta

Rhyacophila brunnea/vemna Group Trichoptera - Rhyacophilidae

8 Chloroperlidae Plecoptera
Megarcys spp. Plecoptera - Perlodidae
Rhithrogena spp. Ephemeroptera - Heptageniidae
7 Ameletus spp. Ephemeroptera - Ameletidae
Cinygmula spp. Ephemeroptera - Heptageniidae
Eukiefferiella spp. Diptera - Chironomidae
Rhyacophila hyalinata Group Trichoptera - Rhyacophilidae
Simulium spp. Diptera - Simuliidae
Zapada cinctipes Plecoptera - Nemouridae

Forty-five MORA wadeable stream and river catchments of management concern were ranked
relative to risk oimpairment based on the human activity metrics listed in 4.3.3. For an explanation

of this process see Rawhouser et al. (28fgendix B). Of these catchments, 23 (51%) were ranked

as being of moderatetfsssors are readily apparent and measureable,ithuimited spatial extent

to high (¢ressors are substantial and measureable, highly noticeable and affect a langekasEa
impairment(Rawhouser et al. 201&ppendix B) Thirty-three catchments were rankesbéd on

water quality associated mertrialso listed in 4.3.3. Of these catchments, 21 (64%) were ranked as
being of moderate to high risk of impairment, with 14 of these also ranked as threatened (Rawhouser
et al. 2012Appendix D).None of thewadeable stream and river catchments of managernanéern

were 303d listed under the CWA.

Assessmenti The median concentrations of tBanions and cations measured at teeMORA
stream and river sites (Tal®2€) were determined to be relatively comparable to the median
concentrations of ions measurddhe5 western USGS Hydrologic Benchmark Network water
guality stations (Table4). This result indicates that ion concentrations at the MORA sites fit well
within the overall variability of ion concentrations among all of the sites. (8 ttwes, the
concentrations of G4, K*, Mg**, and S@” at the MORA sites tended to be the lowest among all of
the sites.

Water quality standards for surface waters developed by Washington State (WDOE 2012) have been
grouped into 4 criteria classes: extraordinary, d&nélgood, and fair. Three of the parameters used

as part of the assessment of water quality based on these criteria classes include dissolved oxygen,
pH, and water temperature. The 29 MORA stream and river sites sampléd 998%ad

measurements f@& or all of these parameters. Based on their mean values, all of the sites could be
classified as extraordinary: (1) DO > 9.5 mg/L; (2) pH 5 8.5; and (3) temperature < 16°C.
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Disturbance thresholds for concentrations of conductivity, total nitrogenoptighhosphorus that

were developed as part of the EMAP assessment of western streams and rivers (Stoddard et al. 2005)
were also used to assess the condition of the 29 MORA stream and river sites sampl&89m85

(Table ). The primary disturbance cgtries are mostlisturbed and leastisturbed. Based on the
thresholds for mountain systems for each category and parameter, each of the MORA streams with
conductivity and total nitrogen concentration measurements could be categorized distiedosd,;

whereas for sites with total phosphorus concentration measure®sités, could be categorized as
leastdisturbed 8 sites could be categorized as moderati$yurbed, and 11 sites could be

categorized as moslisturbed (Table %). According to Binkley eal. (2002), streams can naturally

acquire substantial quantities of phosphate from minerals in bedrock and subsoil. Additionally, the
concentration of phosphate in streams and rivers can be influenced by rates of erosion and organic
matter input (Haysliget al. 2004). Therefore, phosphorus concentration levels in streams and rivers

in protected areas such as National Parks are typically a result of local, naturally occurring processes.
Although there presently are no State criteria for phosphorus coab@mtihresholds (Hayslip et al.
2004), the EPA recommendation is that phosphoru
flow into lakes (MacDonald et al. 1991); none of the mean phosphorus concentrations measured at

the MORA stream and river sitese r ¢ O0100egg/ L. So, although 11 of
categorized as maslisturbed based on their total phosphorus mean concentrations, these higher

levels are derived naturally and naturally occurring phosphorus concentrations are rarely acutely or
chronically toxic (MacDonald et al. 1991).

The mean alkalinity of the 29 MORA stream and river sites sampled18® 5 was 186. 8 ¢e
(median = 114. P9 84e qge/eLq;/ Lr)a.n g@®me=r nliek and Gri ffith
(2005) determined that thenge for alkalinity in the Washington Cascadeswas2500 e€eq/ L, an
Henderson (1988) found that the range of alkalinities at 49 Oregon Cascades siteéisma9028 ¢ e q / L
(median = 370 ¢e€eq/L). Based on thesesawral ues, th
comparable to the general ranges of alkalinities in the Cascade Range.

Aquatic macroinvertebrates can also be used as indicators of the condition of water quality in streams
and rivers. The Oregon Department of Environmental Quality used macrobre¢efeased criteria

for developing several assessment levels for determining stream and river water quality as part of a
stream macroinvertebrate protocol (ORDEQ 1999). Level || comp@seiteria whose total sum
determined to which & condition classs a site would be assigned (Talb. Z'his process was

applied to the 13 MORA stream and river sites for which macroinvertebrates were collectied 2005
2007. This assessment revealed fsites could be assigned to the no impairment grésjies

couldbe identified as having moderate impairment; 2sdes (North Puyallup River and Tahoma

Creek) could be categorized as being severely impaired (T@blA2 important caveat to these

results is that the occurrence and distribution of macroinvertelnatggams and rivers is greatly
dependent on local environmental conditions such as water temperature; substrate composition; water
level, current, and discharge; levels of suspended sediment and turbidity; and dissolved oxygen
concentration (Ward 1992%0, although a site can be classified as impaired based on the
macroinvertebrate taxa present at or absent from the site, that condition may actually be an
expression of the sitebs naturally occurding en
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therefore, not a result of some form of anthropogenic disturbance. This is most likely true for streams
and rivers in protected areas like MORA. However, anthropogenic disturbance cannot be ruled out;
the Tahoma Creek site has been significantly alteyeattempts to protect the adjacent West Side

Road, and dredging has occurred in the Carbon and Nisqually Rivers and in Tahoma Creek.
Additional information concerning the condition of MORA streams and rivers will be available when
the results of the anadis of macroinvertebrate presence in 63 additional MORA streams are

available (A. Rawhouser, NOCA, pers. comm.).

In 2004 2006, 80 streams were sampled for macroinvertebrates, and used to develop a preliminary
impairment prediction model based on macroiteterate O/E scores (A. Rawhouser, NOCA,

unpubl. data). Twenty streams were used to generate reference O/E scores, 45 streams were used as
assessment sites, and 15 streams were used as QA/QC sites. Model analysis determined that all of the

streams were pehtially impaired. However, the O/E scores for 21 streams (47%) were below the
range of O/E scores for the reference streams; scores for 19 streams (42%) were within the range of
reference stream scores; and the scorésteams (11%) were above thegarof reference stream
scores. Although these results are preliminary, they show that only a small percent of the streams
evaluated by this model appear to be impaired beyond the baseline calculated for the reference
streams.

Overall, it appears that the MORA streams and rivers that have been used in this assessment are
generally in good condition relative to the environmental characteristics of the watersheds and
landscape within which they are embedded. Howevanmél changes appear to be occurring in

some rivers due to an increase in shoreline protection projects undertaken in response to increasing
river aggradation, and the hyporheic zone of some rivers is also being affected by road maintenance
and shoreline ptection activities, which could be contributing to an increase in the frequency of
impairment of MORA streams and rivets.addition 051 % of wadeabl e stream
catchments of management concern have been ranked as being of moderate to High risk o
impairmanet based on human activity and water quality associated metrics, and 14 of these
catchments have been ranked as threatened.
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Table24. Ani ons and cations ( ¢ efuwektgrn USBydmlogiciBenthmarleNetsvarkawater gjualitycsstioriso r

16

) NO,'i '

Station Location Years n Statistic cl NO3' S04” Na* NH." K* Mg** ca®
Andrews Mazama, 19717 751165 Range <2.8i 68 0.7115 <2.1i 150 351 320 <0.77 13 2.61 38 161 200 901 460
Creek! WA 1995

Median 8.5 5 380 96 1.4 13 82 340
Minam Oregon 19661 81i 204 Range <2.81 76 <0.71 31 <2.1i 210 351 150 <0.71 14 107 54 251 190 12071 440
River' 1995

Median 14 5.7 33 100 1.4 28 120 300
Big Jacks Bruneau, ID 19671 4171111 Range 39i 210 <0.71 86 61 290 1701 700 <0.7112 727170 11071 350 31071 950
Creek" 1995

Median 130 7.1 150 480 2.9 97 230 600
Vallecito Bayfield, CO 19631 741 234 Range <2.81 280 <0.71 50 351 540 4.41 160 <0.7112 5.11 62 401 420 1801 800
Creek? 1995

Median 16 7.9 170 48 2.1 15 160 500
Halfmoon Malta, CO 19657 10071 256 Range <2.8i 70 2.1 24 6.2 270 261130 <0.7i1 16 3136 9671 540 2201 750
Creek’ 1995

Median 14 9.3 110 65 1.4 15 300 500
'Mast and Clow (2000)
*Mast and Turk (1999)
Table 25. Range of means for concentratonsofc onducti vity (e&e€S/cm), total nitrogen (eg/L), and

rivers sampled 19851 1995; and concentration thresholds for mountain systems used in EMAP assessments of western streams and rivers
(Stoddard et al. 2005).

Most-Disturbed Least-Disturbed

Parameter MORA Threshold Threshold
Conductivity (n = 28) 15.61196.6 >1000 0500
Total Nitrogen (n = 22 7.7i71.2 >200 0125

Total Phosphorus (n 22) 8.2195.5 >40 010




Table 26. Condition of 13 MORA stream sites sampled 2005i 2007, based on Oregon Department of Environmental Quality Stream
Macroinvertebrate Protocol Level Il Assessment criteria (OR DEQ 1998).

Taxa Mayfly Stonefly  Caddisfly Percent Percent
Site Richness Richness Richness Richness Chironomidae Dominance Score’ Condition®
Chinook Creek 5 5 5 5 5 1 26 No impairment
Frying Pan Creek 3 3 3 3 5 1 18 Moderate impairment
Nisqually River’ 3 3 5 1 5 1 18 Moderate impairment
N. Puyallup River 1 1 1 1 3 1 8 Severe impairment
Ohanapecosh River’ 3 3 5 3 5 1 20 Moderate impairment
Ohanapecosh River® 5 5 5 3 5 1 24 No impairment
Ohanapecosh River* 5 5 5 3 5 1 24 No impairment
Ohanapecosh River® 3 3 5 3 5 1 20 Moderate impairment
Panther Creek 5 5 5 3 5 1 24 No impairment
Tahoma Creek 1 3 1 1 1 1 8 Severe impairment
Twin Falls Creek 5 5 5 3 5 3 26 No impairment
West Fork White River 3 3 3 3 5 1 18 Moderate impairment
White River at CG° 3 3 5 3 5 1 20 Moderate impairment

¢6

'Below Longmire;

“At oil spill site near Visitor Center;
*Downstream of oil spill site
*Upstream of oil spill site;

°At Chinook Creek;

®Campground

'Sum of the 6 criteria;

®No impairment: >23; moderate impairment: 171 23; severe impairment; <17



4.3.5 Emerging Issues

There are a number @fsues that have the potential of affecting lotic ecosystems (Malmqvist and
Rundle 2002). Climate change will alter precipitation patterns and the variability of precipitation
events; intensify the impacts of floods and droughts; and increase uncertairtier quality,

guantity, availability, and the capacity for sustaining natural lotic ecosystem services (Covich 2009).
Altered flow regimes and the impact of climate change on glaciers and snow precipitation will affect
the overall availability of watepotentially increasing demands for water and conflicts related to its
use; as well as complicating the ability of resource agencies such as the NPS in managing aquatic
ecosystems (Everest et al. 2004). Climate change will also likely affect water quality

perturbations such as glacier recession, increases in debris flow events and sedimentation, and
changes in the timing of snowmelt and runoff. Any future increase in the atmospheric deposition of
nutrients into lotic ecosystems will also alter wajeality and the trophic status of streams and

rivers, even in protected reserves such as national parks and wilderness areas (Cole and Landres
1996; Malmqvist and Rundle 2002). Finally, the accidental or intentional introduction of exotic and
nonnative spaes into lotic ecosystems could result in the loss of native species and altered biotic
assemblages (Cole and Landres 1996), which could lead to changes in the biodiversity and water
guality characteristics of streams and rivers (Allan and Flecker 198iBadwist and Rundle 2002).

4.3.6 Information and Data Needsi Gaps

At present, MORA has compiled water quality data for a limited number of streams and rivers in the
park. Data collection covers the periods I9805 and 2003010. The data for the@ecollection

periods should be combined into a single databadepublished as a Natural Resource Data Series
report

MORA will also participate in the NCCN water quality monitoring program. The program sampling

design includes up to 35 eligible wadeable streanMORA (14 of which have been designated as

of highest priority) from which will be collected samples for 10+ water quality parameters

(Rawhouser et al. 2012). However, current funding only supfdniggh priority sites in MORA.

Benthic macroinvertebras will be sampled as part of the monitoring effort, and this will help
increase the MORA benthic macroinvertebrate dat
the distribution and occurrence of these invertebrates in MORA streams and rivenateytiif

more funding becomes available to implement a larger program beyo@gadtentially impacted

sites,the monitoring effortwulds t andar di ze t he parkdés sampling ef
collection, and eventually create a database that can be used for inferring the condition of streams

and rivers throughout the park.

Data concerning the hyporheic zone of MORA streandsraers is limited, and an effort should be
made to increase the available information for this important lotic habitat. The placement of
continuous temperature data loggers in selected MORA streams and rivers would also contribute
useful information abduhe potential effects of climate change on the temperature environment of
these lotic systems.
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4.4 Landscape-scale Vegetation Dynamics
(Andrea Woodward and Ratia Haggerty, USGS FRESC)

4.4.1 Introduction

Mountainouderrain, with more than 3600 m religf1,811 ft) along with glacieicarved topography
creates largeand smaliscale climatic variation iMount Rainier National ParkORA). Climatic
variation coupled with volcanism, glacier activity, lasgmEale distusances, and a variety of geologic
substrates and soil types, have resulted in rich vegetation diversity over relatively short distances
(Franklin et al. 1988Crawford et al. 2009). Approximately 58% of the park is foresteith

temperature, moisture axgsturbance regimes strongly determagndistribution of forest types

(Franklin et al. 1988)The distribution of forest zones, in particular, is drivertdmperature regime
whichis determined bglevation Specifically, theNesternrHemlock (Tsuga hetesphylla) zone
occursbelow900 m(2953 Ft) elevationtheSilver Fir (Abies amabiliszone occurfrom

approximately 90@o 1500 m(2953 4921 ft) and theMountainHemlock(Tsugamertensianazone
occurs from approximately 15@0 2200 m(2953 7218 ft), including subalpine parklands.
Communities within zones depend on moisture regime, specifically depth and duration of snowpack
at highelevations and summer moisture regime at lower eleva@snsell as local patterns due to
aspect and topography. For therk as a whole, the mountain creates a rainshadow from southwest to
northeast with half as much snow falling at Sunrise compared with Paradise (Biek 2000). However,
at low elevations, the northwest quadrant receives the highest precipitation, the southeast is
comparatively dry and warm, the northeast quadrant is the most contiaedt#he southwest is
intermediate between the northwest and southwest. These differences are mostly manifest in
understory vegetatiomut the White River drainage the northeast includes the continental species
EngelmanrSpruce Picea engelman)j LodgepolePine (Pinus contorty, andSubalpineFir (Abies
lasiocarpg; while SitkaSpruce Picea sitchens)s a coastal species, is found in the northwest part of
the park.Subalpine meadow types reflect snowpack and are classetigraaps: shrub dominated
(heather Phyllodoce, Cassiopehuckleberry Yacciniumspp.]) or herbaceous. Herbaceous meadows
are further classed as lush herbaceous meadows Y&itkdan Vaeriana sitchensis Indian

Hellebore Veratrum viridg, Showy Sedge Carex spectabilis Arctic Lupine Lupinus arcticup;

low herbaceous meadows (HiglolthtainCinquefoil [Potentilla flabellifolig, pussytoes
[Antennariaspp.],Black Alpine Sedge Carexnigricang); or dry grasslands (Vas&reenleaf

Fescue Festuca viriduld, Arctic Lupine Lupinus arcticup. The alpine environment occurs above

the subalpine parklands where available substrate is inhabited-figltelind snowbed plant
communities ad dwarfheath shrublands, including primarily heathers. Various wetlands such as
fens, marshes, wet meadows, aquatic beds, and riparian forests and shrublands are found throughout
the park. Although they occupy a very small portion of the landscape, detéten support a
disproportionately high percentage of landscape biodiversity (Apostol and SinclajFR@06et al.

2008 Van Dyke 2008Crawford et al. 2009)Age-structure of forests is determined by disturbance
regime, which in MORA includes firgyindthrow, avalanches, insects, diseases, and lahars (volcanic
mudflows) (Crawford et al. 2009).

In corsulation with park staffywe chose to focus on landscagmale vegetation dynamics, forest
health, and plant biodiversityom the wealth of potential indicators of condition and trend of park

96



vegetationTo assess landscapeale vegetation dynamics, we used maps of nationally defined
vegetation classes from several sources. To evaluate forest health, we assesseddiatptregar
mortality due to biological and physical agefiit® regime effects of blister rust oWhitebark Pine,
and potential air quality effects. To describe the status and trend of biodiversity, we report what is
known about the spread of exotic plapeciesthe condition of wetlands and subalpilpine areas
and the status of sensitive species. We conducted these analyses using the relevant ecological
boundaries for each topic rather than restrict the analyses to administrative boundaries.

Vegetaion distribution has been responsive to climate change over geologisdates (Davis and

Shaw 2001) and is expected to respond as contemporary climate change accelerates (Peterson et al.
1997 Shafer et al. 2001). Shifts in vegetation distribution maggpecially dramatic in mountainous
areas where steep environmental gradients create closely spaced ecoclines and ecotones (Guisan et
al. 1995 Peterson et al. 199Beniston 2003). Moreover, the islatikie distribution of subalpine and

alpine plant commnities may limit the potential for migration to suitable areas. Changes in

distribution will result from direct effects of climate on plant physiology, as well as indirectly though
changes in snowpack, flow regime, soil moisture, phenology, competitibdistarbance regime

(Mote 2003 McKenzie et al. 2004 ittell et al. 2008 Raffa et al. 2008van Mantgem et al. 2009).
Changes in plant distribution will accordingly affect other biotic components of ecosystems through
alteration of habitat conditionsirfally, vegetation change has the potential to alter climate change
through feedback relationships (Levis et al. 13&an 2008).

4.4.2 Approach

We used metrics developed from the newly completed vegetation map of NKi&gen and

Copass|n prep.)to evaluate current status of landscegmale vegetation distribution. This map

classifies vegetation consistent with the Federal Geographic Data Committee national standards for
vegetation classificatioFGDC 2008) We also used a crosswalk of MORA vegetatio Ecological
Systems (Comer et al. 2003) provided by NatureServe as part of a contract to support this project. ES
units are mapped nationally and assessed relative to their global conservation status.

Predictions regarding the effect of climate chaogeregetation are usually developed for biomes at

the global scale (e.g., Nielson 2005) and for communities or individual species at national (e.qg.,
McKenney et al. 2007), regional (e.g., Rehfeldt et al. 2006), eregyibnal scales (e.g., Shafer et al.

2001). Biome models are generally too coarse to be informative at the park scale and were not
considered. Methods to predict changes in species distributions are often based on correlations
between current distribution (e.g., Shafer et al. 2001, Rehfeddbthers 2006) or growth (Littell et

al. 2010) and biophysical variables. Other models include a prbesssl component to describe

presence or absence of a particular species (e.g., Coops and Waring 2011). Alternatively, species and
communities at risklue to climate change in the Pacific Northwest have been identified by ranking
species according to a list of attributes and threats (Aubry et al. 2011, Devine et al. 2012).

We alsoused regionally relevant literature to identify species and vegetatiomgoities thought to
be vulnerable to continuing climate change. These assessments indicate whether changes seen in the
twentieth century are likely to continue and whether new shifts can be expected.
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4.4.3 Reference Conditions and Comparison Metrics

We hae no historic vegetation map that could be used as a reference condition. The USDA Forest
Service LANDFIRE Program (Landscape Fire and Resource Management Planning Tools,
http://landfire.gov/vegetation.php, accessed November 2012) provides a Biophy&ingsSeap

layer to represent the vegetation that may have been dominant on the landscape prier to Euro
American settlement. However, this layer is constructed using quantitativaistitansition

models describing succession and fire regime but netggsain climate.

The metrics we used to summarizerent vegetation include: (1yoent areal extent and map of
MORA vegetation classes to describe current status of landscajgevegetation pattern; (2)
proportion that each ES class contributes tal joark area to identify classes that are significant to
the park; and (3) the global conservation status of each ES class to indicate its global significance.
We also provided an ESRI file geodatabase with the land cover rasters that were used by
NatureSeve to develop the crosswalks.

4.4.4 Results and Assessment

Current Condition

The diversity of MORA vegetation is evident in the environmental rengempassed ke 31

vegetated map classes found in the park (Table 27, Figutmre classes have <10#getative

cover). Classes include maritime to Rocky Mountain forest types, low elevation Ddiufpassts

to subalpine forests and meadows, and alpine meadows. The vegetation also includes a variety of
wetland and rocky habitat types. None of the paedietation classes are globally threatened4but
riparianswamp associated classes are ranked between vulnerable (G3) and apparently secure (G4)
based on the status of the correspondiogi&gjicalSystems classificatiofor each.

Several forest typesre rare in the park and may therefore be of management concern. Western
HemlockDouglasfir forest, both wet and dry (M043 and M044), Dry Subalpine Forest and

Woodland (M012), Conifer Shrubland (M015), and SubalpineWWhitebark Pine Woodland

(M017) allcover less than 3% of the park. Moreover, all grassland, meadow and wetland classes are
also relatively rare (<3.3% of park area). Wetlands and subalpine meadows have enough significance
that they are addressed in subsequent chapters (wetlands, 4.10inswddpine, 4.11).

Trend

We have no parkvide information to describe trends in vegetation pattern. Consequently, the

recently completed vegetation map can serve as a baseline for assessing future Tieantgesuld

possibly be described by revisitipipts used to delineate the Franklin et al. (1988) vegetation map

or by determining the correspondence between the vegetation classes in the 1988 map compared with
the new map. The new map potentially could also be compared with the subalpine vegegtion ma
developed by Henderson (1973).

Predicted Changes
The most consistent conclusions drawn from projections of changes in spatial distributions and
vulnerability of plant communities and species due to changing climate agree that subalpine, alpine
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and tunda communities and species will decline or disappear (Shafer et a).Nd@tbn et al. 2005
Rehfeldt et al. 2006Aubry et al. 2011Coops and Waring 2011) (Table 28). Aubry et al. (2011) also
predict that wetland communities are vulnerable to climaa@gh. Results are less consistent for
lower elevation species. Shafer et al. (2001) predict that the ranDesiglasfir, Pacific Yew

(Taxus brevifoligy, Red Alder Alnus rubrg, and maybe Westetdemlockwill shift from west to

east of the Cascade Rardyee to an increase in the mean temperature of the coldest month. Other
predictions foDouglasfir include a decline west of the Cascades (Littell et al. 2010), low potential
for expansion in the Pacific Northwest (Coops and Waring 2011) or low vulngréRighfeldt et al.
2006 Aubry et al. 2011). These mixed results are typical of most other species that were studied.
Although predictions for individual species are variable and difficult to interpret at the spatial scale
of the park, the conclusion Behfeldt et al. (2006) that by 2090 most of the park will have a
different biotic community than today may be general enough to be accurate, although this may be
truer for understory communities rather than the Jliveg overstory forest component.
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Table 27. Areal extent of Mount Rainier National Park vegetation map classes, the corresponding Ecological Systems (ES) vegetation class, and
the global status of the ES.

00T

MORA MORA area Park

Code MORA Vegetation Class Name (ha) (% area) | ES Global Status*
Forests MO0O07 Silver Fir-Western Hemlock Warm Forest 13,650.73 14.4 4229 G5

M042 Western Hemlock-Douglas Fir Mesic Forest 2,818.03 3.0 4224 G4

M043 Western Hemlock-Douglas Fir Dry Forest 2,323.18 2.4 4224 G4

M044 Western Hemlock-Douglas Fir Wet Forest 1,550.64 1.6 4224 G4

M901 Western Hemlock-Douglas Fir Successional Depauperate Forest 3,163.28 3.3 4224 G4

MO006 Mesic Subalpine Forest and Woodland 4,865.08 5.1 4225 G5

MO008 Silver Fir-Western Hemlock Cold Forest 8,255.60 8.7 4225 G5

MO046 Mountain Hemlock-Silver Fir Forest and Woodland 11,758.25 12.4 4228 G5

M047 Subalpine Mixed Woodland and Shrubland 5,449.51 5.7 4225 G5

M012 Dry Subalpine Forest and Woodland 1,127.02 1.2 4242 G5

MO015 Conifer Shrubland 577.06 0.6 4233,4225 | G5,G5

MO017 Subalpine Fir-Whitebark Pine Woodland 1,132.94 1.2 4233 G5
Grasslands & M021 High Elevation Deciduous Tall Shrubland 2,555.88 2.7 5261 G5
shrublands MO063 Crowberry-Kinnikinnick-Juniper Dwarf Shrubland 178.27 0.2 5261 G5

MO077 Non-vascular Bald 123.68 0.1 7162 G4

MO052 Mixed Forb/Graminoid Herbaceous Meadow 358.63 0.4 5205 G5

MO060 Showy Sedge Mesic Subalpine Meadow 125.67 0.1 5205 G5

MO073 Talus, Scree, Snowbed and Fellfield Vegetation 1,533.59 1.6 5205 G5

MO074 Subalpine Mountain Heather Dwarf Shrubland 3,165.00 3.3 5205 G5

MO085 High Elevation Dry Post-fire Shrubland 1,434.30 15 5205 G5

M906 Alpine Mountain Heather Dwarf Shrubland 947.68 1.0 5205 G5

M067 Green Fescue Dry Herbaceous Meadow 575.21 0.6 7118 G5

M086 Valerian-Hellebore-Luzula Mesic Subalpine Meadow 296.95 0.3 7118 G5
Wetlands M001 Deciduous Floodplain and Swamp Forest 1,020.65 11 9106,9190 | G3G4, G3G4

MOO05 Low Elevation Conifer Riparian and Swamp Forest 745.77 0.8 9106,9190 G3G4, G3G4

MO010 High Elevation Conifer Riparian Forest 1,609.56 1.7 9108,9171 G5,G5

M018 High Elevation Deciduous Tall Shrubland and Forest 1,823.97 1.9 9106 G3G4

MO39 Riparian Deciduous Tall Shrubland 323.17 0.3 9106,5261 G3G4,G5

MO058 High Elevation Wet Meadow/Dwarf Shrubland 496.73 0.5 9166 GU

M092 Montane Wet Meadow 49.46 0.1 9166 GU




Table 27. Areal extent of Mount Rainier National Park vegetation map classes, the corresponding Ecological Systems (ES) vegetation class, and
the global status of the ES (continued).

TOT

MORA MORA area Park

Code MORA Vegetation Class Name (ha) (% area) | ES Global Status*
Bare M9o81 Bare (Colluvial) 4,567.87 4.8 3118 G5

M980 Bare (Alluvial) 1,146.13 1.2

M983 Bare (Bedrock) 4,702.58 4.9
Other M990 Flowing Water 365.29 0.4

M991 Impounded Water 248.39 0.3

M992 Snow and Ice 6,827.57 7.2

M993 Glacial Till 3,138.04 3.3

'GU, unrankable due to lack of data; G1, critically imperiled; G2, imperiled; G3, vulnerable; G4, apparently secure; G5, secure; ranking attributed
to ES
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Figure 14. Map of Ecological Systems in Mount Rainier National Park.
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Table 28. Predicted changes in tree species distribution by 20901 2100. Predictions of substantial change
in species distribution are shown in bold. Terms in the column for Aubry et al. 2011 refer to

vulnerabilityThe O6bestd scenari o for Mc Kespeaesaoandispersaffom (2007)
current |l ocations while thedworstd scenari o does not
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Abies amabilis Higher Contract >50 19.0 -42.7
Abies grandis Higher >50 8.2 -49.6
Abies lasiocarpa Higher <50 -6.8 -27.8
Abies procera Higher >50 -1.8 -75.7
Acer macrophyllum Lower 20.0 -35.7
Alnus rubra Lower Move east 27.2 -45.1
Betula papyrifera 25 -28.7
Chamaecyparis nootkatensis Higher >50
Cornus nuttallii 3.7 -66.9
Larix lyallii -1.8 -66.7
Larix occidentalus >50 -63 12.7 -48.8
Picea engelmannii Higher <50 -72
Pinus albicaulus High 29.1 -41.5
Pinus contorta <50 -55 -29.0
Pinus monticola Lower <50 19.0 -33.9
Pinus ponderosa Expand <50 -13 10.7 -40.4
Populus balsamifera Lower
Pseudotsuga menziesii Lower Move east >50 -2 12.4 -31.5
Sorbus sitchensis 24.1 -39.9
Taxus brevifolia Move east 12.5 -37.9
Thuja plicata Lower >50 16.2 -26.5
Tsuga heterophylla Lower >50 12.5 -29.2
Tsuga mertensiana Higher <50 8.8 -32.3

4.4.5 Emerging Issues

1 Using climate envelopes to predict future distributions of species is a useful first approximation
(Pearson and Dawson 2003), but conservation of unique species would benefit from more
accurate predictions. Predictions are needed that take more comprelvensideration of
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factors affecting species survival such as physiological constraints at all critical life stages
(Hampe 2004); processes occurring at the leading and trailing edges of shifting distrwutions
as dispersal and adaptation (Thuiller et al. 2008); and the effects of changing disturbance
regimes. Predictions regarding potential refugia will help park staff plan for potential
management actions.

1 While predictions of habitat and species lossaatrse spatial scales can be fairly dire, predictions
from models developed at local scales (25 x 25 m grid cells) indicate that suitable habitat may
persist for most species (Randin et al. 2009).

1 Park staff may consider describing desired future conditionsistent with NPS policyoshat
models can be built to identify strategies to acheeglesired state through backcasting
(Sutherland 2006).

4.4.6 Information and Data Needsi Gaps

1 Predictions on a spatial scale relevant to national parks are lacking. These include predictions
regarding changes in distribution of species and communities as well as locations of potential
refugia where species might be assisted to migiragdditionto predicing species shifts with
climate envelopes, it majsobe productive to forecast changes in ecological processes that may
affect species composition even in communities withiorep species (e.g., fire regime which
could eliminate fire sensite species and reduce the carrying capacity of an area).

1 Using remotelysensed data is throst efficient meanw analyzebroadscale changes in
vegetation structure and composition in large national parks having challenging terrain.
Opportunities to apglnew tools and higher resolutioatdsets are constantly emerging
however the costs of access to state of the art imagery and the technical and computing skills
required to develop analysis tools may continue to be limiting factors for resource managers
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4.5 Forest Health: Disturbance Regime
(Andrea Woodward and Ratia Haggerty, USGS FREST

4.5.1 Introduction

The composition, structure and fuioct of forest ecosystems are shaped by disturbances (Dale et al.
2001) in events that range in scale from extensive mortality over large areas (e.g., fire) to small
patches (e.g., local wind throw events), or the widespread decline of individual spgrijeagect
infestation). Events in the Pacific Northwest include fires, windstorms, ice storms, drought,
landslides, floods, insects and pathogens, and exotic species (Spies and Franklin 1989). Climate
change is expected to change the severity, frequandymagnitude of forest disturbances (Dale et

al. 2001), which may accelerate alterations to tree species distribution expected from the direct
effects of climate change (Littell et al. 2010).

Landscapsescale disturbances often have complicated dynamic®me cases including critical
thresholds, feedback loops, and cresale interactions (Raffa et al. 2008). Understanding the

potential effects of changing climate on disturbance regimes adds another level of complexity. In the
case of insects, predichs ofirruptions depend on understanding the effects of climate on the
physiology of insects, including growth rate and generation time, as well as the susceptibility and
resistance of trees (Bentz et al. 2010) at seasonal to evolutionary time scHiest(Ba2008).

Moreover, interactions among disturbances can be affected by climate change such as when drought
decreases tree vigor thereby increasing tree susceptibility to insects with consequences for fuel loads
and subsequent intensity of fire (Bat al. 2001) or when fire intensity affects tree susceptibility to
insects (Youngblood et al. 2009). In other cases, multiple events may interact to causeandesturb

For example, Douglafir Beetle Dendroctonus pseudotsugamitbreaks are triggerday a

disturbance such as wind, fire, or ice storms to create breeding habitat in large dead or stressed and
weakemrdtrees (Greenland et al. 200Bpor understanding of these and other composite and
cumulative effects of multiple disturbances can leagbtprising future conditions (Paine et al.

1998).

Specific disturbances of particular importance to MORA are covered elsewhere in this document,
includingWhite Pine blister rugisection 4.6)fire ecology(section 48), and invasive species
(section 4.9) This section is focused on the other potential disturbance agents.

4.5.2 Approach

The longesterm comprehensive description of the disturbance regime in MORA is provided by

Aerial Detection Survey (ADS) data collected by the USDA Forest Servicee Thhave been

collected annually since 1949 and describe the location of forest insects, disease;nekzader

damageand other forest health stressors (Johnson and Wittwer 2008). Usingvitxg@ircraft

typically flying at 185 km/h(115 mi/hr)and500 m(1640 ft)elevation, observers evaluate a swath

of 2.5 km(1.6 mi)and sketch the location of disturbances on topographic maps. Assessment of
disturbance agests based on the occurrenceofpegp e ci fi ¢ damage O0signatur e
foliage cobr, canopy texture, tree species identyd season (McConnell et al. 200@)addition,

observers estimate the severity of damadgdalasses (high, moderate, and low), the number of trees
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affected or trees/ha affected. Aerial surveys are not eféeatidetecting root disease, dwarf

mistletoe or minor defoliation. Creating disturbance maps using the sketchmapping method is highly
subjective and therefore variable among observers (Klein et al. 1983). Consequently, the data are best
used for demonsttiag trends rather than precisely identifying affected areas (Johnson and Wittwer
2008). Mapping accuraggnproved with the advent afigital technology (digital aerial sketchmap

system, DASM SchradefPatton 2002)including touch screens and integratd@Ss Nevertheless,

remotely determining the cause of a disturbance will remain subjective for the foreseeable future. For
example, damage polygons attributedh® Fr Engraver §colytus ventral)s which affects mainly

GrandFir (Abies grandiy are almotscertainly due tcilver Fir Beetle(Pseudohylesinus sericgus

the North Cascades area wh@mandFir is rare (Carlson 2013).

The study area for this analysis includes MORA and the buffer area around it defined for the
landscape change monitoring protocol (Kennedy et al. 2007). This buffer was created to
acknowledge that the park has porous boundaries relatikie spread odlisturbance agents and
other ecological processésis defined as a 16.1 km (10 mi) wide ring around the park, truncated a
bit in the south to accommodate the geometry of available satellite ima&geonfvaet al.2012).

As part of the NPS Inventory amdonitoring Program, NPS staff members are implementing a

protocol to detect disturbance events using Landsat imagery (Kennedy et al. 2007). Initial use of the
protocol indicated that the original approach would not meet park needs. However, the recently
developed tools Landtrendr (Kennedy et al. 2010) and TimeSync (Cohen et al. 2010) may be
effective at detecting disturbance events relevant to MORA (Antonova et al. 2010). Consequently a
new protocol has been writteAr{tonovaet al.2012) andresults from1985 to 2009 for shoterm
disturbances (those whose signatures last g)daye available (Antonova et al. 201Fhe 8

categories of disturbances tracked by this protocol are: avalanches, clearing, development, fire, mass
movements, progressive defol@t, riparian and tree toppling

4.5.3 Reference Conditions and Comparison Metrics

Abiotic and biotic disturbance agents are direct results of weather (e.g., wind and ice storms, floods,
fire regime) or are influenced by weather (Dale et al. 2001), primarily by affecting the success of
biotic agents or the susceptibility of hosts (Begttal. 2010); or by affecting the availability of fuel.
Consequently, wanvestigated whether a shift in weather regime could explain trends in disturbance
from a reference period to the presé&unsidering the time span of available ADS data (1949
2011),data from Washington State Climate Divisiofndonthly average of daily data from all

weather stations in Division 5 regioimdicate a notable change beginning in 1986 when average
annual temperatur@.7°C)consistently and dramatically exceed@dailed ttest,P < 0.000)the

average of average temperature estimated sint@®(691°C;Figurel15). Accordingly, we define the
reference period to be from the beginning of the ADS record (1949) until 1985.

To describe status and trends of forest disturbageats, we evaluated ADS data for the following
metrics: (1) total area of MORA and surrounding buffer affected by disturbance agents through time,
1949 2011; (2) location of most severe occurrence; (3) location of most frequent occurrence; and (4)
comparson pre and postl985 when annual temperature dramatically increased.
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Predicted changes expected in disturbance agents were summarized from a literature rdwew and
extrapolating changes obseniadADS datafrom 1986 to 2011 compared with 1949 to 19B%e
complete digital dataet including disturbance polygons and calculations of severity and disturbance
agents for MORA and the buffer area will be provided to the park in a geodatabase.
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Washington State Division 5, Cascade Mountains West. Horizontal lines indicate average for record;
vertical line indicates 1985.

110



4.5.4 Results and Assessment

Current Condition (1986-2011)

Since 1985, forests in MOR&nd the surrounding buffer have experienced damage due to several
native insects (Figur#6), but primarily by the introduced Balsam Woolly Adelgid. The native insect
species include the Fir Engraver, Western Spruce BudyOhoristoneura occidentaljsard

Mountain Pine BeetléDendroctonus ponderospél hese insects are responsible for 83% (MORA)

and 59.2% (buffer) of tree damage documented by ADS. Considering all agents, 95.1% (MORA) and
73.1% (buffer) of observed tree damage has been due to inse@igMCIRA) and 1.5% (buffer)

due to diseases; 4.3% (MORA) and 24.9% (buffer) due to physical disturbances (i.e., fire, bear
damage, red belt, slides, water, wind, ice); and 0.3% (MORA) and 0.5% (buffer) due to unknown
causes. The park and the buffer aretetgd in several ways. Insect damage in the park was

primarily due to Balsam Woolly AdelgigAdelges picegeand secondarily to Fir Engraver while

damage in the buffer was primarily due to Western Spruce Budworm. This may be due to a larger
population of 8balpine Fir Abies lasiocarpa which is the chief host of Balsam Woolly Adelgid,

inside the park than in the buffer. Also, the relative amount of physical damage was much greater in
the buffer and was attributed to bear damage.

Disturbance is widespreadthin the park and the surrounding buffer during 1986 to 2011 (Figure

17). Balsam Woolly Adelgid has been active at high elevation throughout MORA (Figure 18), while
Mountain Pine Beetle impact has been light and limited to the northeast (Figure $3ofitnasts

with the buffer where Balsam Woolly Adelgid activity has been minor and Mountain Pine Beetles
have affected significant amounts of area to the east. In addition, Western Spruce Budworm has been
the dominant disturbance agent in the buffer, ooog mainly in the southeastern portion of MORA

with some activity in the east (Figure 20). Fir Engraver has been more abundant in MORA than in

the buffer, and activity has primarily occurred in the eastern portion of the park. Déu@estle,
WesternBalsam Bark Beetleryocoetes confusiisand the fungus White Pine blister rust

(Cronartium ribicol have each also disturbed at least 100Ad@1 ac)f the park since 1985.
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Aerial Detection Survey
1949-1985

Aerial Detection Survey
1986-2011

Figure 17. Spatial distribution of disturbance events during 2 time periods as detected by the Aerial
Detection Survey in MORA and surrounding buffer. Colors vary by year. No legend is provided because
the graphic conveys distribution and intensity of disturbances rather than temporal detail.
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Figure 18. Balsam Woolly Adelgid pre- and post-1985. Darker colors indicate more years of impact.
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Figure 20. Distribution of Western Spruce Budworm and Fir Engraver post-1985. Darker colors indicate
greater number of years with presence.
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Trend

We compard the recent period (1982011), which shows dramatically higher temperatures, with
the reference period (1941985) to describe trend (Tabl8)2In general, disturbance in the park
wassomewhat morerevalent in the eastern region during both periods but with relatively more
impact in the western part of the park in recent years than during the reference periodl@idare
addition, both peods are dominated by disturbance due to insects compared with diseases and
abiotic agents in the park and surrounding buffer, although physical damage mainly attributed to
bears has increased considerably in the buffer (T&)ldR2garding specific insex; the reference
period was dminated by Mountain Pine Beetl@hile dominance has shifted toward Balsam Wooly
Adelgid (MORA) and Western Spruce Budworm (bufieQre recentlyWestern Blacikheaded
Budworm (Acleris gloverangioccurred in onlyl yrs, but caused the spikes in the buffer seen in 1957
and 1985 (Figuré6). Disturbance peaked during the 1950s in the reference period and during the
2000s in recent times (Figui®), with no apparent relationship to climafetrend towards smaller
polygons throgh time is likely due to methodological refinement.

Table 29. Comparison of area disturbed by agents during 19471 1985 versus 19861 2011. Values
reported as buffer do not include the park.

Time period
1947-1985 1986-2011

Agent % total disturbance % total disturbance Change

MORA Buffer MORA Buffer MORA Buffer
Mountain pine beetle 53.7 32.0 3.6 8.0 -50.1 -24.0
Balsam woolly adelgid 9.8 4.0 60.5 4.6 +50.7 +0.6
Douglas-fir beetle 16.8 9.3 3.4 4.9 -13.4 -4.4
Fir engraver 0.0 0.8 13.3 3.4 +13.3 +2.6
Western black-headed budworm 131 31.2 0.0 0.0 -13.1 -31.0
Western spruce budworm 0.0 0.2 9.2 51.2 +9.2 +51.0
Total insects 95.8 80.7 95.2 73.1 -0.6 -7.6
Total disease 3.4 24 0.3 15 -3.1 -0.9
Total Physical damage 0.8 10.1 4.3 24.9 +3.5 +14.8
Other 0.0 6.7 0.3 0.5 +0.3 -6.2
Total ha/yr 1,428 7,695 1,167 10,534 -261 +2,839
Area %lyr 1.58 2.80 1.23 3.64 -0.35 +0.84

Balsam Woolly Adelgid

This is an exotic pest of Subalpine Fir and Pacific Silvar(Rbies amabilisin MORA (Carlson

2011) that can cause branch stunting and topkill; death can result after several years of heavy
infestation. BalsarmVoolly Adelgid was evident in the park and buffer during the 1960s (Figijre
Since 1986, it has affected over 18,00q4% 479 acpf MORA, although some areas may be repeat
observations in consecutive years. The lower relative impact outside of the park is likely due to the
preference oBalsamWoolly Adelgid for highelevation tree species.

Mountain Pine Beetle
MountainPine Beetlas a bark beetle that attacks and kills all species of pines. During the reference
period it occurred in the northern and southern parts of the park and in all but the western part of the
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buffer (Figue 19) and primarily affected Western Whigne Pinus monticolpeverywhere, plus

some LodgepoleRinus contorty, PonderosgPinus ponderosgandWhitebark Pine in the buffer
Since 1985, MountaiRine Beetle activity has been relativdtyw, but it has been attacking

Whitebark Pinen the notheastern part of MORAY(yrs since 1996) and east of the park in the
buffer (10 ys since 1986) (Figure9. UsuallyMountain Pine Beetlenoves from other pines to
Whitebark Pingbut this does not seem to be happening in MORA (Carlson 20%fgad the

greatest mortalityn MORA has been in Whitebark Pine, with less in Lodgepole Pine and very little
in Western White Pine (Carlson 201This unusual pattern may be due to the small population size
of Lodgepole Pine in MORA and significant mortality of 8#&rn White Pine during intial outbreaks
of blister rust in the 1930s and 1940s (Regina Rochefort, written communicalibiough

Mountain Pine Beetleutbreaks seem to be increasing in recent decades and expanding into
previously unaffected areasch g western Canada and Alaska (Logan et al. 20@3roll et al.

2004), its incidence has remained relatively low in MORA and the biftexever, the small

outbreak that has occurred has been associated with years having low showpack and low rainfall
duringthe hottest part of the year (Carlson 2011).

Western Spruce Budworm

Western Spruce Budwordefoliates Douglairs, true firs and Engelmanm8ice(Picea

englemannji over multiple years. Trees that are defoliatedbfto 10 ys are likely to have dead tops

or be killed while surviving trees are more vulnerable to bark be®lestern Spruce Budwormas
absent during the reference period but has repeatedly affected a significant part of the buffer to the
east of the park (Figui20). It has had some impact inside MORA, especially in the southeastern
sector of the MORA. In fact, it was detected on the most acres in a single year of any insect and is
predicted to occur again in this sector because the stand composition is fasochthle budworm
continues to be active in the buffer (Carlson 2011).

Fir Engraver Beetle

Fir EngraverBeetles primarily feed oGrandFir and occasionallgubalpineFir. The beetles

especially attack trees that have been weakened, for example by rasedggalsamwWoolly

Adelgid. FirEngraverBeetles have been active in the eastern part of the park (Ri@urehis

activity has been attributed to higher than average temperatures and lower than average precipitation
during 20072009 near Sunris@and snce 2002 measured in Ohanapecosh (Carlson 2011). The
coincidence wittBalsamWoolly Adelgid activity may also be significant.

Douglas-fir Beetle

Douglasfir Beetle kills large diameter trees that have been weakened by drought, fire, flood, root
disease, efoliating insectsor windthrow many of these disturbaremay increase with climate
change This insect was active in the park and buffer early in the reference period and has been
evident in the buffer more recently (Figur®). It has been detectedtime western part of the park in
relatively small areas associated with flood damage (Carlson 2011).

Two trends in the ADS data are particularly notable because they involve high elevation species with
necessarily limited distribution. In these casesstggificance of the damage is perhaps under
represented by the number of affected hectares because these data do not express the proportion of
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vulnerable area affected. Firtltere are indicationthat warmer climate may deeginning tocenabé
Mountain Pne Beetls to affectWhitebark Pinga highelevation species also susceptible to
Whitebark Pinéblister rust(Carlson 2011)Second, Balsam Woolly delgid is an exotic insect that
affects true fis, andis primarily affecting SubalpineifFand PacificSil ver Fir in MORA (Carlson,
2011).Subalpine Filso has limited distribution because it occurs at high elevations, hence the
relatively small number of hectares affected may not fully express thécsigne of the damage.
Balsam Woolly Alelgid has caused severe damage to FraséAbies frasel) following

introduction to Great Smoky Mountains National Park (Allen and Kupfer 2001) and may have
potential to do great harm in the Pacific Northwest. At sites in Washington and Oregondehas b
shown to cause 40 79% decline of SubalpinarForests in a 35to 45-yr period (Mitchell and
Buffam 2001).

Because disturbance due to insects, diseaskphysical agents are natural ecological processes,
although some disease agents and inseetsiroduced, we are most interested in whether climate
change might increase their natural range of variation (Dale et al. 2000). Based-pntin@3series

of ADS records, it appears that the natural range of variation has not remarkably increlased to
While there may be a trend toward greater synchronization of agents includingnativeninsect

and a different mix of agents, the total area affected and duration of outbreaks are not greater than
past events (Figurg6). Given the difficulty ofassigning causes to damage from the air, this
conclusion is probably more robust than conclusions regarding individual agents and is subject to
unknown effects of changes in accuracy through ti@eover, this analysis has not shown a clear
relationshipbetween recent climate change and disturbance pathenmse the park may still be
experiencing conditions that could be considered reference relative to climate.

Predicted Changes

In general, warming climate is predicted to increase the effects of fiosests (Dale et al. 2001

Bentz et al. 2010) and diseases (Sturrock et al. 2011) primarily through elimdated increase in

host stress, decreased limitations on pest survival, or both. Duration of Western Spruce Budworm
outbreaks is predicted to ir&se in a warmer climate due to higher ewvater survival and longer
growing season (Campbell et al. 2006; Thomson et al. 1984). Teydike of Mountain Pine Beetle

is primarily controlled by temperature (Logan and Bentz 1999, Logan et al. 2003] Boavebgan

2005) and this insect has been observed to have advanced to higher elevations and more northern
latitudes than in past records (Raffa et al. 2008). Migration to higher elevations corresponds to
predictions of Littell et al. (2010) showing thadire (2080) distribution of Mountain Pine Beetle to
correspond with the current distribution of Whitebark Pine. While the obligatory winter diapauses of
Douglasfir Beetle may be disrupted by warmer winters, the insect does prefer stressed and injured
trees (Furniss and Carolin 1977), which may be more abundant due to climate change (Bentz et al.
2010). The limitation posed by warm winters for Balsam Woolly Adelgid (Antonelli 1992) is
expected to be less frequent in the future.

Currently, forest diseaseseaminor causes of tree mortality in MORA, at least as detected in ADS
surveys (but see Section 4.7 for detailed treatment of White Pine blister rust). The role of pathogens
is expected to increase in general due to climate change because most dis¢aselbagapt faster
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than their hosts (Sturrock et al. 2011). However details will vary depending on whether the agents are
affected directly or indirectly by climate. Additionally, changing climate is expected to produce a
higher frequency of extreme ewsrand consequently abiotic disturbance effects. Floods, high winds,
and fire may kill trees outright or make them more vulnerable to pests (see s tamdétailed

treatment of fire). Finally, the complex interactions among biotic and abiotic emerdal

conditions, climatic limitations on insects and diseases, stress level of hosts, the potential for range
shifts in hosts, insects and pathogens, and stochastic introduction of exotic organisms may create
novel and surprising outcomes (Paine et 898).

Predicted changes gperhapsupported byomeobservations of trend in MORA. Specifically,

throughout the record, the most severe disturbance has occurred in the warmest and driest parts of the
park. Disturbance has increased on the west side gfatk since temperatures dramatically warmed

in 1985. Finally, the high elevation species Subalpine Fir and Whitebark Pine have experienced
increasing levels of disturbance in recent y¢@exlson 2011)

4.5.5 Emerging Issues

1 Predicting future disturbaeaegimes depends on better understanding of the interactions among
climate change, disturbance agents/regimes, and vulnerability of tree species, including which
disturbance agents might be able to expand their range or increase in prominence into MORA.
There may be unexpected consequences from the compounded effects of multiple disturbances
(Paine et al. 1998).

1 Improved tools are needed to detect and identify disturbances using Landsat and other public
domain remotehsensed imageryVhile the LendTrendbased protocol isseimproved tod, the
time delay to delivery of results still renders it less useful for detection if immediate management
action is required.

1 Changes in forest composition are likely to occur most rapidly in areas of severeegtiacdg
disturbance following outbreaks of insects and pathogens or catastrophic fire. Patterns of
regeneration withintheseareass peci al 'y al ong t hmaypeodidgafrstof s pe
indication of future changes in forest composition.

4.5.6 Information and Data Needsi Gaps

1 The accuracy and resolution of available data and climate projections are inadequate to forecast
changes within an area the size of MORA. In particular, responses to climate change may vary by
region within the park and byevation zone (Littell et al. 2009). Both patterns are relevant to the
distribution of forest insects and diseases.

1 Mechanistic models describing the effects of climate changes on disturbance agents and tree
physiology are needed to predict changes iar&uttonsequencesf agents (Bentz et al. 2010).
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4.6 Forest Health: Whitebark Pine and White Pine Blister Rust
(Andrea Woodward, USGS FRESC)

4.6.1 Introduction

Whitebark PingPinus albicauli$ grows on cold, dry sites abo¥824 m b000ft) in the northeast

corner of MORA and in small, disjunct populations on the west side of the park. Often the first tree

species to establish in subalpine meadows or alpinegjdginfluences snowmelt patterns, soil

development, and provides important misites for establishment of other plaritsthese areas it

sometimes functions as a pioneer species, taking the lead in meadow invasion (Franklin and Mitchell
1967).Whitebark Pineseeds are a valuable fosdurcef or bi rds, squirrels, anoc
Nutcrackersucifraga columbiang Red $juirrels Tamiasciurus hudsonicuand Dougla8

Squirrels (Tamiasciurus douglagiextract seeds from the closed cones and theredhem in

subalpine meadows for future retrieg@bmback et al. 2001).

In 2011 the U.S. Fish and Wildlife Service determined Métitebark Pinevarrants protection

under the Endangered Species Act (ESA), but that adding the species to the Fedsral List
Endangered and Threatened Wildlife and Plaras precluded by the need to address other listing
actionshavinghigher priority. Threats to thé&/hitebark Pinenclude tabitat loss and mortality from
White Rne blister rustCronartium ribicolg, Mountain Pine Betle Dendroctonus ponderosge
catastrophic fire and fire suppression, environmental effects resulting from climate change, and the
inadequacy of existing regulatory mechanisms.

4.6.2 Approach

We summarized the results of survey\dfitebark Pinein 19 plots that were conducted in MORA
from 1994 to 1998 hwich hadthe objectives of(1) assessing the rates of blister rust infections and
morality in trees and sapling®) determining whether Mountain Pine&les were present and
contributng to mortality (3) determining spatial patterns of rates of infection and mortality (4)
providing data to assist in the development of a{@mm monitoring program (Rochefort 2008).
Permanent monitoring plots were subsequently established ina2@04assessed in 2009 (NCCN
Inventory and Monitoringundated). We also report lotgrm trends predicted by the U.S. Fish and
Wildlife Service in the finding regarding a petition to Mhitebark Pineunder the Endangered
Species Act (Sattelberg 2011).

4.6.3 Reference Conditions and Comparison Metrics

Because WhiteiRe blister rust is an introduced disease, the reference condition for assessing trend is
the absence of blister rugtssessment metrics included extent of mapped vegetation classes that
include Whitebark Pine since 1936 and change in infection rate and mortality from the 1990s to
2009.

4.6.4 Results and Assessment

Current Condition
The recently completed vegetatiorap of MORA (Nielsen and Copass,prep.) indicates that
Subalpine K (Abies lasiocarpa-Whitebark Pinevoodland covers 1133 2800 ac)r 1.2% of the
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park (Table27). It occurs at high elevation on all aspects of the park, but is most dense in the
northeastern region. Based on field data collected from permanent plots ine28G8an a quarter

of mature trees are uninfected and mortality is 52%, while 43% of saplings are infected. Mountain
Pine Beetle occurs at <1% of sites (NCCN Inventory and Monitorimglated).

Trend

A vegetation map for MORA from 1936 shows 66 stand&/bitebark Pineeovering approximately
1193 ha(2948 ac)n 5 plant associations: Subalping Bominant subalpine parklandVhitebark
Pinedominant MountainHemlock Tsuga mertensianalominant andY ellow Cedar

(Chamaecyparis nootkatensdominant (Rochefort 2008). This compares well with the estimate of
1133 ha2800 ac)n the latest vegetation map. However, both of these maps have potentially large
errors with respedb an individual, relatively rare species. The map from 1936 wasndiemt on

field surveys; the recent mapdependent on detecting the reflectance signdatecharacterizes
vegetation classes as determined by plot samples and eprodimdg.

White Pine blister rust was introduced to North America in 1910 (Keane\amal 1993) and first
appeared in Mount Rainier in 1928, but noWhitebark Pineuntil 1937 (Rochefort 2008). Studies

show that infection rate of adult trees (>2.54(d@nn) diameter at breast height, dbh) and saplings
(individuals taller than 50 crif20in) but <2.54 cm dbh) has increased since the 1990s, especially in
the most recent interval (Rochefort 2008, North Coast and Cascades Network Inventory and
Monitoring undatecl Table30). Perhaps due to the small sizé/ditebark Pinestands in MORA,

Mountin Pine Beetles were rarely observed in the 1990s (Rochefort 2008) and in <1% of sites in the
2000s (NCCN Inventory and Monitoring undated).

Predicted Changes

According to the U.S. Fish and Wildlife Service finding regarding listing/bitebark Pineinde

the Endangered Species Altte speciess experiencing an overall lortgrm pattern of decline, even

in areas originally thought to be mostly immune frédfite Pine blister rustMountainPine Beetles

and fire suppressi on dcthrstinticate danmtiguindovinkagrd.trendl Re c e n t
within the majority of its range. While individual trees may persist, given current trendSH&S
anticipatesWVhitebark Pindorests will likely become extirpated and their ecosystem functions will

be lost h the foreseeable future. On a landscape scale, the species appears to be in danger of

extinction, potentially within as few &sto 3 generations. The generation timeé/ghitebark Pinas
approximately 60 y8 0

Table 30. Infection and mortality rates of Whitebark Pine due to White Pine blister rust.

Percent of trees
1990s 2004 2009

Infected Mature trees 13.5 15 26
Saplings 24.3 25 43
Mortality Mature trees 33.4 48 52
Saplings 8.6 na na
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4.6.5 Emerging Issues

1 Resistant genotypes may exist thatild be used for restoration in the futukgoroject in
collaboration with the USDA Forest Service Dorena Genetic Resource Center has shown that
some Whitebark Pine parent trees in MORa&veamong the highest levels of resistance yet seen
(Richard Sniez&, personal communication).

4.6.6 Information and Data Needsi Gaps

1 Continuing to monitor blister rust infection rates and the prevalence of Mountain Pine Beetles
will describe the extent and trend of the infestation and potential exacerbation by Moumgain Pi
Beetles.

Further collections from new locations in MORA could identify more resistant families of trees.
Re-collections fronrustresistantrees could besed forfuturerestoration or gene conservation.

In 2010, 240 WBP seedlings were planted nead®hd.ake in an experimental design to
evaluate genetic source and effectivenesndbphyte treatment on surviv@lontinued
establishment and testing of restoration plantings suchsawithinform effective restoration
protocols.
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4.7 Forest Health: Air Quality Effects
(Andrea Woodward, USGBRESC)

4.7.1 Introduction

Air quality is a concern of park resource managers bedd@deA is downwind from the urban and
agricultural areas of the Pugebund, Vancouver, Washington, and Portland, Oregetropolitan
areasMoreover, the Pacific Northwegeceives pollutants in air masses from Asia (Jaffe et al.,1999
Fioreet al.2002 Jaffe et al. 2008NeissPenzias 2007). Pollutants potentially arriving at MORA
include nitrogen and sulfur compounds, ozone, sefatile organic compounds (SOCs; cutrand
historicuse pesticides, combustion-pyoducts and industrialrban use compounds), and toxic
metals,notablymercury (Landers et al. 2008). Ozone in particular is often at higher concentrations
downwind of urban source areas than in the sources afdhe precursors (Brace et al. 1999).

Pollutants have a variety of potential impacts on forest ecosystems. Nitrogen (N) is a critical plant
nutrient and consequently, elevated N may affect a variety of vegetative components and processes
such as soil nerobes and mycorrhizal fungi (Eilers et al. 1994), resistance of plants to insects and
pathogens, winter injury in conifers (Fenn et al. 2003a), as well as plant growth. Over the longer
term, N fertilization may affect ecosystem structure and diversigpesies adapted to higher

nitrogen levels gain a competitive advantage. Nitrogen fertilization is especially influential in
conditions typical of the Pacific Northwest, such as naturally low N availability, shallow soils, and
snowmelt as a major componeaftrunoff (Eilers et al. 1994). In addition, N deposition may be
contributing to greater fuel loads and thus potentially altering the fire cycle in a variety of ecosystem
typesin concertwith climate changealthough much more study is needed to undedsthis effect

(Fenn et al. 2003b). Nitrogen and sulfur compounds also contribute to the production of acid rain,
which can have lonterm effects on forest biogeochemistry and biomass accumulation (Likens et al.
1996 McLaughlin and Percy 1999). Ozoneaistrong oxidant that is toxat relatively low

concentration$o sensitive species, including several species of vascular plants and lichens that are
abundant in Pacific Northwest forests (Brace et al. 1999, Geiser et al. 2010). While mercury is highly
toxic to animals, its direct effects on plants are unclear (Azevedo and Rodriguez 2012).

High elevation areas are potentially at higher risk than other areas due-tamhgegtransport of

pollutants being deposited in the snowpack (Blais et al. 1998 ;@ddractionation of lighter SOCs

in the atmospheravhich may result in migration of these and other compounds to higher (colder)
alpine areas (Wania and Mackay 1996). Significant changes in alpine species composition have been
recorded over the pastvegal decades in the high Rocky Mountains that may be a respafise to
decades of elevated N deposition (Fenn et al. 2003a).

A direct assessment of air pollution in MORA is covered in section 4.1 of Chapter 4 of this report
and should be consulted for aaltd description of air quality status and trends. Here we focus on
the effectsof air quality on vegetation.

4.7.2 Approach
To assess theonsequencasf air quality on park vegetation we consul@studies othe
relationship between contaminant corications and vegetation chanpat incorporated data from
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MORA. The first study included an evaluation of whether lichen communities described in plots in
MORA exhibited effects of exposure to detrimental levels of nitrogen and sulfur compounds (Geiser
and Neitlich 2007 Geiser et al. 2010). Results were based on modeling lichen community gradients

in relation to air quality, climate, and other environmental variables. The model was developed using
pl ots which could be dpmludreidibe d asse dé pml Icthteeand & ad n
for N, sulfur (S),and lead. The second study was an assessment of airborne contaminants, including
N, S, mercury, other metals, and SOCs in air and biota of 20 national parks of the western US, also
known as th&Vestern Airborne Contaminants Assessment Project (WAQKdhders et al. 2008).

Finally, Brace and Peterson (1998) described spatial patterns of tropospheric ozone in the park using
passive samplers #hdrainages and along elevation gradients during the summers of 1994 and 1995.
The USDA Forest Service also monitors ozone damage to vegetation in MORA as part of the FIA
plot network.Potential effects of future changes in air quality are assessed basditboature

review.

4.7.3 Reference Conditions and Comparison Metrics

With the exception of extremely rare events (e.g., volcanic eruptions), impaired air quality results
from human activities. Consequently, the reference condition for the effectpoflation on
vegetation is préndustrial air quality levelgdowever, in recognition that piadustrial levels are
unlikely to be reestablished, the NPS Air Resources Division uses EPA guidelines (ozone and
pesticides) and critical loads (N and S) kmow harm aquatic and terrestrial resources as standards
for impairment (see Chapter 4.1).

4.7.4 Results and Assessment
Current Condition

Nitrogen and Sulfur Compounds

Based on lichen samples taken widely on U.S. Forest Service land in western Washington and
Oregon and interpolated to the entire area, lichen communities in MORA fell in an area mapped as
0 b e s t6ésteposaale.arhis means that all sensitive speciesexpexted to be present and the sites
were expected to be in the%Suantile for aneasure describing pollution concentrati@eiser and
Neitlich 2007). This conclusion is substantiated by chemical analySisaifections of lichen

samples on an elevanal gradient showing th&t andS concentrations were not elevated above
background levels typical of remote areas (Landers et al. 2008).

Ozone

Ozone concentrations in MORA exceeded what are considered elevated levels (>80 ppb) at various
times, especiyf in the late 1980s and early 1990s, at Longmire, Carbon River, the southwestern
section and Tahoma Woods, and Paradgisieh has seen the highest ozone levels recorded in the

state (http://www.nps.gov/mora/naturescience/airquality.htm). Brace and RgtE998) determined

that ozone concentrations increase with elevation and are higher on the west side of the park. Even
though ozone levels higher than 60 ppb have been known to harm vegetation, systematic evaluation
of Abies lasiocarpandPopulus trichoaprain MORA led to no evidence of damage (Brace et al.
1999). However, damage Rinus ponderoshas been observed in Pack Forest, just outside of the
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park, and is hypothesized to have been caused by an-salinedioxide synergism
(http://www.nps.gov/mra/ naturescience/airquality.htm). Eleven ozaeasitive vascular plant

species occur in the park (Porter 200¢d Alder Alnus rubrg, SaskatoonAmelanchier alnifolig,
Spreading Dogbané&pocynum androsaemifoliym, Do u g | a s Aremistaadggiasiand) s h  (
Pacific Ninebark Physocarpus capitatysPonderosa Pin€{nus ponderosa Quaking aspen

(Populus tremuloidgs Thimbleberry Rubus parviflorus , S c o u |l eSal& scouldtiahpl o w (
Common SnowberrySymphoricarpos albyisandBlack Huckleberry ¥accinium membranacegm

Semivolatile Organic Compounds

Concentrations of all SOCs measured in samples of lichens and conifer needles from MORA were at
or above the median values for the 20 western national parks sampled by WACAP (Laaders et
2008). SOCs included polycyclic aromatic hydrocarbons (PAHS); cuusenpesticides:

endosulfans, dacthal, chloropyrifos and trifluralin; histarse pesticides: hexachlorbenzene (HCB),
a-HCH, gHCH, chlordanes, dieldrin, and dichlorodiphenyltricolethanes (DDTs); and industrial
urbarruse compound polychlorinated biphenyls (PCBs) (Tah)eThese values were similar to

those in other PNW parks (CRLA, NOCA, OLYM). Typical of results across all parks, pesticide and
PCB concentrations in the lichesampled in MORA increased with elevation. Because needle
productivity is high, the ecological effects of cumulate SOCs contributed by needle litterfall are a
potential concern (Landers et al. 2008).

Table 31. Mean concentration of semi-volatile organic compounds in lichen and conifer needles.

Concentration
(ng SOC/g lipid)

Compound Class Lichens Conifer Needles

Current-use pesticides 126.4 63.7

Historic-use pesticides 47.9 43.1

Polychlorinated biphenyls (PCBs) 6.18 0.84

Polycyclic aromatic hydrocarbons (PAHS) 764 826
Mercury

Mercury levels in MORA were at or well above the concentrations observed at the other western
parks in the WACAP study (Landers et al. 2008). However, the WACAP parks did not have higher
levels of mercury than expected of rematess in the western United States. Meanwhile, lead levels
inCommon Wi t Aldetéria saknentogecollected at Golden Lake declined from 5.45 + s.d.
2.62 ppmin 1983 to 1.29 £ 0.12 ppm in 2005.

Trend
None of these pollutant chemicals were preseder reference conditions. Especially for SOCs and
mercury, we dondét know the potenti al consequenc

increasing pollutant concentrations has not apparently impacted vegetation in MORA to date.

Predicted Changes
Despite improvements due to the Clean Air Act, atmospheric pollutants are predicted to increase due
to a number of pressures. Increasing energy needs are likely to negate air quality gains regarding
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acidifying and oxidizing pollutants (Dahlgren 2Q0Nitrogen emissions are expected to increase by
2020 due to population growth (Schary 2003), and both regional ozone and NOx are predicted to
increase with populations and standard of living increases in Asia througtiraaifis transport
(Bertschi eal. 2004). Meanwhile, ozone showed a statistically significant increase, 205
(http://wwwz2.nature.nps.gov/ air/Pubs/pdf/gpra/GPRA_AQ_ConditionsTrendReport2006.pdf). The
effect these changes will have on vegetation is undteawever, aone damage teensitive species
mayeventually become evideanhd nitrogen deposition is expected to affect plant community
composition (Fenn et al. 2003&Yhile nitrogen enrichment has ecosystemde consequences
(Vitousek et al. 1997), it appears that vascular plar¢ more sensitive than soil and other processes
(Bowman et al. 2006).ichen communities are expected to shift to nitrophilous or pollution tolerant
species (Fenn et al. 20QZzeiser and Neitlich 2007) with consequent loss of species diversity.
Biomagrification of SOCs and mercury may not directly affect the plants where they collect, but
they may spread by leaching or burning to affect other parts of ecosystems (Friedli et al. 2003,
Landers et al. 2008). Finally, we do not know wéfégct changing cinate might have on the
response of plants to pollutants.

4.7.5 Emerging Issues

1 Increasing urbaindustrial development and agriculture in the SeattlasMhgtonand
Vancouver, Bitish Columbia areas are expected to increase air pollutant concentrations and
consequent risk to vegetation (Dahlgren 2000). Increasing agricultural and industrial
development in Asia may also increase air pollution to harmful levels (Jaffe et al. 2005; Bertschi
et al.2004) and be more difficult to influence or regulate than domestic sources.

1 Pacific coast parks have high contaminant concentrations in and on conifer needles and dense
foliage in forest canopies, which contribute canopy leachates and needle litiés to so
(Horstmann and McLachlan 1998&/eiss 2000Nizzetto et al. 2006). In fact, western US
coniferous forests have the capacitytmuallyaccumulateamounts of pesticides seconéyear
needles that are comparable on a per hectare basis to a signiicinohfof regional pesticide
application rates (Landers et al. 2008). The relative importance of these pathways to affect
understory contamination versus deposition from precipitation is unknown (Horstmann and
McLachlan 1998Weiss 2000Nizzetto et al. Q06). Moreover, the potential negative effects of
contaminants on understory and soil arthropods, fungi or microbial decomposers, or plant life is
also unknown.

1 Temporal dynamics of contaminant accumulation in conifer needles, which may persist for many
years, is unknown (Landers et al. 2008). Even though mercury concentrations in conifer needles
of western forests appear to be relatively low, the biomass of needles/ha is so high that forest
fires can be a significant source of mercury release (Friedli 2003).

1 Increassin nitrogen levels will competitively favor species adapted to higher nitrogen levels and
select against species adapted to low nitrogen lewvblsh will lead to a longerm change in
species composition and relative abundahtadlition, many invasive plant specisgyalso
gain a competitive advantage with altered nutrient regimes, especially increased riFegeat
al. 2003a)
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4.7.6 Information and Data Needsi Gaps

1 Ozone monitoring only occurred for a brief period in the 5998t Puget Sound air quality has
significantly degraded since that tinteerefore direct monitoring of ozone would be beneficial.

Acquisition of FIA monitoring data to follow trends in ozone damage should be continued.

Impaired air quality is expectead have the most detrimental effects at high elevations (Blais et
al. 1998 Wania and Mackay 1996), yet there is no routine monitoring of contaminants in air or
vegetation there.

1 Relationships among contaminant levels in air with levels in plants dueatcchmulation and
biomagnifications and consequences for plants and ecosystems need study.

1 Ciritical and target loads for N have been identified for lichens (Geiser et al. 2010), but still need
to be identified for vascular plant@etermining critical lads must include consideration of
interactions between N deposition and warmer temperatures.
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4.8 Fire Ecology
(Karen Kopper, NPS NOCA)

4.8.1 Introduction

Forests and other vegetation types are greatly influenced by fire regime properties. The frequency
and severity of a fire regime influence horizontal gadical structure, species composition, and the
relative abundance of species (Agee 1993, Turner et al. 1994, Sugihara et al. 2006). Fire intervals can
be altered by fire suppression, which lengthens the time between fires and prolongs the accumulation
of dead and downed fuels (Brown 19&3aham et al. 2004). They can also be shortened by warmer

and drier conditions currently associated with climate change, which increase the number of acres
burned (Littell et al. 2009).

Fire has been identified as th@shimportant disturbance agent at MORA, followed by avalanches
and lahars, whereby relatively infrequent, large stapiacing fires have shaped the current forest
and subalpine mosaic (Hemstrom and Franklin 1982, Stueve et al. 2009). Hemstrom aid Frankl
(1982) performed a comprehensive stand reconstruction for the forests of MORA from which they
have made the following conclusions: (1) south aspects and higher elevations have burned more
frequently; (2) major fire episodes have corresponded with meabprolonged drought; and (3)
modern human influence has probably had little impact on the natural fire regime, although it may
have limited the growth of fires during the 191934 drought.

4.8.2 Approach

We examined and mapped the recent fire higtb@3Q 2009) for MORA using the NPS fire records

that are archived at the Wildland Fire Management Information (WFMI) website (USDI 2013). We
assessed the recent fire history, extending the record that Hemstrom and Franklin (1982) examined to
include fires from 278 to 2009.

4.8.3 Reference Condition and Comparison Metrics

Hemstrom and Franklinds (1982) ii1078atMORAtsat i on
the reference condition for our assessment (18309). Neither their assessment nor ours arg lo

enough to compare to the historical fire regime at MORA. Hemstrom and Franklin (1982) identified
the time required for an area equal to the size of the park to burn (the natural fire fbi&aEpnfor

the presettlement era (120Q850) as 465 yrs. Tlecautioned that the MORA fire regime,

characterized by infrequent stareplacing fires, is not well represented by any NFR calculation,
especially those based on shorter time periods (such as ours) that could miss large fire events.

4.8.4 Results and Assessment

Current Condition

The NPS fire records document a total of 356 fires that burned 5003 ac (2025 ha) of all vegetation
types between 1930 and 200@&ble 32, Figur@l). Typical of high severity, long interval fire

regimes, the majority of fires werel ac in size. Only 4 fires were more than 100 ac, and only 1 of
these 4 was >1000 ac.
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The majority of fireq73%)occurring between 1930 and 2009 were lightning caused compared to

27% caused by humans. During this same time period, the majority oivéressuppressed (82%)
compared to 17% that went out naturally. Less than 1% of fires were managed for resource benefit
(previously referred to as fAprescribed natural
been effective after the tineiiod reported by Hemstrom and Franklin (1982); although 53% of all

the fires in the 1930 to 2009 record occurred after 1978, and only 11% of the total acres burned were
consumed after 1978.

There are 444 (180) fewer burned acres (hectares) recorded byrétaraad Franklin (1982)

between 1900 and 1978 than recorded by the park in the forested area between 1930 and 1978. The
discrepancy may be partially due to fires that Hemstrom and Franklin (1982) omitted due to their

small size, but larger fires that gt outside of their study area do not account for the remainder of

the excluded acres. We surmise that some of the additional burned acres recorded by the park may
have been from | ower severity fires th)standwer e n
reconstruction, which used stand ages to detect stand replacing events.

Trend

Hemstrom and Franklin (1982) surmise that the fires during the droughts ¢f1B3%/may have

gotten larger if they were not suppressed. Average annual precipitatissirete 1934 do not

indicate comparable periods of drought (PRISM Climate Group 2013); however, fire suppression

may have been more effective in the recent record (since 1978). Fires suppressed after 1978 make up
36% of the total number of fire occurrencbkat only 11% of the total acres burned.

Fire suppression may have reduced the number of acres burned; however, it has not, and will not
cause an unnatural accumulation of dead and downed fuel in the majority of forest types at MORA.
The natural fire rot#gon (465 yrs) is sufficiently long to accumulate and maintain large quantities of
coarse woody debris with little to no additional effect due to fire suppression (Hemstrom and
Franklin 1982). This may not hold true for the eastaost forests of the parkowever, because

these forests are drier and may have missed some lower severity fires.

Predicted Changes

In the future, MORA may experience an increase in the area burned by wildfires due to climate
change. The fire season will be longer, given thatrsanmtemperatures are expected to increase and
snowpack levels decrease with climate change (Mote 20@5). Climate is the primary driver for

wildfire area burned (WFAB), explaining an average of 64% §330) of area burned between 1977

and 2003 in the western U.S. (Littell et 2009). Sensitivity to climate drivers depends on climate

fire interactionsn ecosystem provinces; increases in WFAB will be greatest in ecosystems such as
MORA, where climate (not fuel) is the limiting factor (Hemstrom and Franklin 18§2e 1993

Littell et al. 2009). Forests on the eastle of MORA (in the rain shadow) asemewhat drier than

on the wesside, and therefore, may experience a more rapid increase in WFAB with climate change.
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Table 32a. Number of fires (by fire type) burned at MORA per decade. Table constructed from the NPS
fire records archived in the Wildland Fire Management Information database. MRB = managed for
resource benefit.

Total no. of

Decade Human Natural Suppressed Natural out MRB fires
1930 16 18 33 0 1 34
1940 11 48 59 0 0 59
1950 14 8 22 0 0 22
1960 7 5 12 0 0 12
1970 5 36 41 0 0 41
1980 13 20 30 3 0 33
1990 12 72 53 31 0 84
2000 19 52 43 28 0 71
Total fires 97 259 293 62 1 356
Fires/Year 1.2 3.2 3.7 0.8 0.0 4.5
Relative % 27.2 72.8 82.3 17.4 0.3 100.0

Table 32b. Number of acres (by fire type) burned at MORA per decade. Table constructed from the NPS
fire records archived in the Wildland Fire Management Information database. MRB = managed for
resource benefit.

Total acres
Decade Human Natural Suppressed  Natural out MRB burned
1930 4135.3 16.6 4145.9 0 6 4151.9
1940 28.8 209.4 238.2 0 0 238.2
1950 8.1 0.8 8.9 0 0 8.9
1960 0.7 6.4 7.1 0 0 7.1
1970 3.3 38.7 42 0 0 42.0
1980 48 51.6 52 47.6 0 99.6
1990 1.2 18.4 16.5 31 0 19.6
2000 2.8 432.4 429.7 5.5 0 435.2
Acres burned 4228.2 774.3 4940.3 56.2 6 5002.5
Relative % 84.5 155 98.8 1.1 0.1 100.0
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> 1930-1940 @ 1951-1960 = 1971-1980 ¥ 1991 -2000

* 1941-1950 -+ 1961-1970 % 1981-1990 ¢  2001-2010

Figure 21. Map of all fire occurrences at MORA between 1930 and 2009, from the NPS fire records in the
Wildland Fire Management Information database.

4.8.5 Emerging Issues

The effects of feedbacks and interactions between climate, fire and insect infestations are complex
and still relatively uncertain (Field et al. 2007). Drought stress could increase tree mortality due to
fires (fire severity) and insect infestations mapidly than anticipated. Fuel could become a

limiting factor in more areas of the park affeor more severe wildfires.

Novel species interactions due to shifts in climate conditions may altefirgostgenerationNon-
native plant species, suchamsedagrass may invade burned areas, displace natives, and alter fuel and
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fire regime properties (e.g., increase fire frequency) (Brooks et al. 2004). Restoration objectives for
forest and fire regime properties should focus on resiliéacy managing for fe-adapted species

and stand characteristics in forests that are experiencing increased fire frequencies and sawrities)
ecosystem function rather than historical conditions which may no longer be suitable with climate
change (Churchill et al. 2013).

4.8.6 Information and Data Needsi Gaps

We have identifie@ categories of relatively important future data requirements for MORA: (1)
development of models for climate, fire, and insect interactiweitsinclude frequency of ignition and
predictions of fuehvailability within and adjacent to the padnd (2) development of climate
adaptation strategig€s.g. fire and fuel treatments that promote high spatial variability in surface
fuels and forest structur8tephens et al. 201,specially for dnforestson the easside of MORA.
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4.9 Biodiversity: Exotic Plants
(Andrea WoodwardJSGS FRESC)

4.9.1 Introduction

While terminology varies by agency and through time, it is generally recognized that human

activities have transported species to new places where they are describeaas/eppxotic,

alien or introduced. Of these spes, some are considered invasive because they can spread widely
without the aid of human cultivation anewenvironment. Invasive species that are recognized by

federal, stateor local governments to threaten agricultural crops, local ecosystefigh and

wildlife habitat are given the | egal designatio
Control Board, http://www.nwcb.wa.gov/) and are subject to regulations concerning control

measures.

In general, most nenative plant species have mireffects on natural ecosystef(ttiebert and
Stubbendieck 1993)or example, of the approximat&y3vascular plant species MORA, 152

are nonnative, of which26 species are considered to be threatening to park resqReesefort

2010) However, some exotic species can be extremely disruptive, such as interfering with natural
processes, including disturbance regimes and biogeochemical cycles, and threatening the survival of
naturally evolved plant assemblages and individual nativeesgeci ( D6 Ant oni o and Vi tc
Hiebert and Stubbendieck 1993, Vitousek et al. 1996, 1997, Mack et al. 2000, Asner and Vitousek
2005, Strayer et al. 2006). Some consequences ctéonginvaders are becoming apparent, such as

the ability ofknotweed Polygonumspp.) to reduce the nutrient subsidy from riparian litterfall to

aquatic systems after displacing higher quality native vegetation (Urgenson and Reichard 2007). In
fact, invasive species are said to be one of the biggest threats to biodiversiygteodunction, and
community interactions (Boersma et al. 2006). Moreover, exotic species can disrupt the accurate
presentation of a historic scene and damage historic or archeological resources (Hiebert and
Stubbendieck 1993Y.he National Park Serviaecognizes the need to address invasive, introduced
species (NPS 2006) and has established teams of exotic plant management technicians (Exotic Plant
Management Teams, EPMTSs) to work throughout the national parks (Beard and Gibbons 2011).

4.9.2 Approach

Information regarding invasive plants wa®vided by park stafrom surveys conductetiroughout

MORA in 2006 and for the road from the Nisqually entrance to Paradise in 2009. The data from 2009
are in a geospatial database, and pdf files of maps by shesie been made. The database

containing the 2006 data may be incomplete because there are no 8aihtfe12 areas and7

species listed in the tabldssts of noxious weeds found on adjacent national forest laads used

to identify species thadre in the vicinity but not currently included in geospatial data in the park.

The assessment study area was MORA and the Gifforchot, OkanogaliVenatchee, and Mount
BakerSnoqualmie National Forests.

4.9.3 Reference Conditions and Comparison Metrics
The appropriate reference condition for exotic plants is an absence of species transported to the park
through human activities. While restoring park lands to the reference condition is likely impossible, it
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is nevertheless a baseline for evaluating tr@iheé. assessment metric is distribution of exotic plants
in the park.

4.9.4 Results and Assessment

Current Condition

An estimatedl52 nortnative species have been observed in MOR@Achefort 201) however, data
regarding locations of only 51 species aralilgaavailable (Table 3). Seventeen species with
location information are classed as noxious weeds in Washington State, meaning that they are
considered to threaten agricultural crops, local ecosystarfish and wildlife habitat. Another
noxious weed are included in the database without location information

Species which are most widespread incl8getted KnapweedJentaurea maculogaCanada

Thistle Cirsiumarvensg, Foxglove Digitalis purpureg, Co mmon St . Hypehicurds Wor t (
perforatun), Ox-eye Daisy leucanthemum vulgayeandBirdsfoot Trefoil (otus corniculatus

(Table 33);3 are considered noxious by Washington Stisltest of thedocumented sites are on the

road from the Nisqually entrance to Paradise and this may reflect a gréateatahventory

conducted in anticipation of significant road wdrkgeneral, invasive species are restricted to

frequently disturbed areas, such as roads, trails, and administrative areas.

Inventories of invasive species on national forest landswuiling MORA identify species that are
not included in the records of MORA. There arguch species in the Naches Ranger District of the
OkanogaAWenatchee National Forest to the east of the park; 39 species in the GifforatPinch
National Forest to the ath;and 26 species in the Mount Bak&mnoqualmie National Forest to the
north (Table ). Note that the records for Okanogéfenatchee are from the adjacent ranger district
while other records are from entire national forests.

Trend

Compared to the refamee condition of zero invasive species, the florIGIRA has experienced an
increase in plant invasion resulting in ol&2 nonnative species (http://www.nps.gov/mora/), of

which 51 have location data and 17 are designated as noxious weeds by Wa$tatgton

Nevertheless, while the trend is toward more invasive species, the park has been largely successful in
extirpatingsomenon-natives such aslieraciumspecies on the route from the Nisqually entrance to
Paradise (Todd Neel, written communication).

Assessing shoterm trends is not possible because many areas have not been surveyed more than
once. Compared with the rest of North America, the Pacific Northwest has been settled relatively
recently by descendants of Europeans. Consequently, theredevéelver plant invasions and

greater opportunity to protect still relatively pristine wilderness areas (Harrington and Reichard
2007). Successful integrated management programs by NPS are needed to make this possible.

Predicted Changes

Invasive nomativespecies together with habitat loss and climate changes are considered to be the
major drivers of global environmental change (PejematiMooney 2009)These forces also have

the potential to interact with one another such that climate change and otbes, dor example
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increasing amounts and different pathways of global trade and travel (Pejchar and Mooney 2009),
will affect the distribution, spread, abundajaed impact of invasive species (Gritti et al. 2006).

While climate change could conceivalriyibit invasive species as expected for natives, case studies
indicate that climate change is not likely to substantially decrease the impact of current invasives
because many already span a large environmental range (Qian and Rickl@f&#6066 of

invasive species are challenging to foresee, partly because climate is expected to affect all phases of
transport, establishment, survival, and spread (Hellman et al. 2008). Changes may include greater
potential for transport due to more frequent disturbanents; innocuous ngrative species

becoming invasive; greater competitive advantage of invasive species as some resources (e.g., water)
become more limited and disturbance regimes are altered; and altered effectiveness of control
strategies if, for exaple, higher atmospheric CO2 levels confer greater tolerance to herbicides
(Hellman et al. 2008). Climate change is also expected to affect native plants such that ecological
structure may be so profoundly altered in unanticipated ways that certain exspsisies may

actually be valued because, for example, they fill a role vacated by a native species (Walther et al.
2009) or the impact of particular invasive species could lessen as the rest of the ecosystem changes
(Strayer et al. 2006).
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Table 33. Invasive plant species by region of MORA.

Park Region
Northwest Northeast Southeast Southwest
g .
8 &
c 3
? S 8
3 g T la © 2|3 s T
& T 27 ¢ &g o 5 o
(%) - = =
§ 8% o|f £ §|8 » 5 % @
. s 2|5 Z|® & 3|2 32 £ % 8
Species name Common name Cass' | 8§ 2 | = | 6§ 5618 & 5 5 =
Agropyron repens Quack Grass -- X X
Agrostis stolonifera Creeping Bentgrass -- X
Agrostis tenuis Bentgrass --
Anthoxanthum odoratum Sweet Vernal Grass -
Arctium minus Lesser Burdock -- X
Bellis perennis Lawn Daisy -- X
Bromus inermis Smooth Brome - X
Bromus rigidus Rip-gut Brome --
Bromus tectorum Cheatgrass --
Centaurea diffusa Diffuse Knapweed B
Centaurea maculosa Spotted Knapweed -- X X X X X
Cerastium viscosum Sticky Chickweed - X
Chondrilla juncea Rush Skeleton Weed B
Cichorium intybus Chicory -- X
Cirsium arvense Canada Thistle C X X X X X
Cirsium vulgare bull thistle C X X X X
Crataegus monogyna Single-seeded Hawthorn -- X
Cynosurus cristatus Crested Do g -da8 Grass -- X
Cytisus scoparius S ¢ o Broosn B X X X X
Dactylis glomerata Orchard Grass -- X
Daucus carota Queen Alagee 0s C X X X X
Digitalis purpurea Foxglove -- X X X X X
Epipactis helleborine Broad-leaved Helleborine - X
Euphrasia officinalis eyebright -- X
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Table 33. Invasive plant species by region of MORA (continued).

Park Region
Northwest Northeast Southeast Southwest
g .
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Species name Common name Cass' | 8 2| = | &§ 5/8 & 5 = =
Festuca pratensis English or Meadow Fescue --
Glechoma hederacea Ground lvy -- X
Geranium robertianum Herb Robert B X X
Hieracium atratum Polar Hawkweed C X X X
Hieracium aurantiacum Orange Hawkweed B
Hieracium caespitosum Meadow Hawkweed B
Hieracium floribundum Yellow Devil Hawkweed A X
Hieracium murorum Wall Hawkweed C X
Hieracium pilosella Mouse Ear Hawkweed B
Holcus lanatus Velvet Grass --
Hypericum perforatum Common St Wodo C X X X X X X X
Hypochaeris radicata Hairy Ca t Bas Cc
Lathyrus sylvestris Flat Pea -- X
Lepidium campestre Field Pepperweed -- X
Leucanthemum vulgare Ox-eye Daisy C X X X X X X X
Linaria dalmatica Dalmatian Toadflax B X X
Linaria vulgaris Butter and Eggs C
Lotus corniculatis Bi r d&dotsTrefoil - X X X X X
Matricaria matricoides Mayweed -- X
Melilotus alba(officinalis) Yellow Sweet Clover -- X
Petasites japonicus Japanese Sweet Coltsfoot --
Phalaris arundincea Reed Canary Grass C X X X
Phleum pratense Timothy - X X
Plantago lanceolata English Plantain -- X




Table 33. Invasive plant species by region of MORA (continued).

SvT

Park Region
Northwest Northeast Southeast Southwest
g .
8 &
c 5
? S g
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Species name Common name Class O s T = T e} o O Nz S > =
Plantago major Common Plantain -- X
Poa annua Annual Bluegrass --
Poa bulbosa Bulbous Bluegrass --
Poa pratensis Perennial Bluegrass --
Polygonum aviculare Common Knotgrass -- X
Polygonum cuspidatum Japanese Knotweed B
Potentilla norvegica Norvegian Cinquefolil -- X
Potentilla recta Sulfur Cinquefoil B X X
Prunus sp. -- X
Ranunculus repens Creeping Buttercup - X X X X
Rubus discolor (armeniacus) Himalayan Blackberry C
Rubus laciniatus Cut-leaved Blackberry C X X
Senecio jacobaea Tansy Ragwort B X X X X
Sonchus asper (arvensis) Perennial Sowthistle C X
Tanacetum vulgare Common Tansy C X X X X
Trifolium hybridum Alsike Clover -- X
Tragopogon dubius Yellow Salsify -- X
Verbascum thapsus Common Mullein -- X X X X
Veronica officinalis Common Speedwell -- X
Vicia sativa Common Vetch -- X

lWashington State noxious weed classes: A, eradicate all, not widespread; B, control where not widespread, contain elsewhere; C, species is
widespread or of agricultural interest, control or provide public education



Table 34. Noxious weeds found in USDA Forest Service Ranger Districts (RD) adjacent to MORA. Large

document ed

X06s indicate the species is not currently
- LL 3]
LI £
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3 29 ° b’
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Speci < £g = 3%
pecies name Common name = Oz 0 s>
Ailanthus altissima Tree of Heaven c X
Alliaria petiolata Garlic Mustard A X
Amorpha fruticosa Desert False Indigo B X
Arctium minus Lesser Burdock -- X
Artemisia absinthium Absinth Wormwood c X
Berteroa incana Hoary Alyssum B X
Buddleja davidii Butterfly Bush B X X
Carduus acanthoides Spiny Plumeless Thistle B X
Centaurea biebersteinii Spotted Knapweed -- X X
Centaurea debeauxii Meadow Knapweed -- X
Centaurea diffusa Diffuse Knapweed B X X X
Centaurea jacea Brown Ray Knapweed B X X
Centaurea maculosa Spotted Knapweed -- X X
Centaurea montana Perennial Cornflower -- X
Centaurea nigra Lesser Knapweed B X
Centaurea nigrescens Vochin Knapweed A X
Centaurea pratensis Tyrol Knapweed -- X
Centaurea solstitialis Yellow Star-thistle B X
Centaurea stoebe Spotted Knapweed B X X X
Centaurea triumfettii Squarrose Knapweed -- X
Cichorium intybus Chicory -- X X
Cirsium arvense Canada Thistle C X X
Cirsium vulgare Bull Thistle C X X X
Conium maculatum Poison Hemlock B X
Convolvulus arvensis Field Bindweed C X
Cynoglossum officinale Gypsy Flower B X X
Cyperus esculentus Yellow Nutsedge B X
Cytisus scoparius S ¢ o Brdosn B X X
Daphne laureola Spurge Laurel B X
Darmera peltata Indian Rhubarb -- X
Daucus carota Queen Alagee 6s C X X
Dipsacus fullonum Common Teasel C X
Geranium robertianum Herb Robert B X X
Hedera helix English lvy C X X
Heracleum mantegazzianum Giant Hogweed A X
Hieracium aurantiacum Orange Hawkweed B X X
Hieracium caespitosum Meadow Hawkweed B X X
Hieracium glomeratum Queen-devil Hawkweed B X
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Table 34. Noxious weeds found in USDA Forest Service Ranger Districts (RD) adjacent to MORA. Large

document ed

X06s indicate the species is not currently
O Q - s
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Speci < g8 = 3%
pecies name Common name = Oz 0 s>
Hieracium lachenalii Common Hawkweed c X X
Hieracium laevigatum Smooth Hawkweed B X
Hieracium murorum Wall Hawkweed c X
Hieracium pilosella Mouseear Hawkweed B X
Hieracium pratense Meadow Hawkweed C X
Hieracium vulgatum Common hawkweed C X
Hypericum perforatum St. Jwditnds cC X X X
Hypochaeris radicata Spotted Caté arkE C X X X
llex aquifolium English Holly -- X X
Impatiens capensis Jewelweed -- X
Iris pseudacorus Yellowflag Iris C X
Kochia scoparia Burning Bush B X
Lamiastrum galeobdolon Yellow Archangel B X X
Lathyrus latifolius Perennial Pea -- X
Lathyrus sylvestris Flat Pea -- X
Leucanthemum vulgare Oxeye Daisy C X X X
Linaria dalmatica ssp. macedonica Dalmatian Toadflax B X X X
Linaria vulgaris Butter and Eggs C X
Lotus corniculatus Bi r d&dotsTrefolil -- X X
Lythrum salicaria var. vulgare Purple Loosestrife B X
Onopordum acanthium Scotch Cottonthistle B X
Petasites japonicas Japanese Sweet Coltsfoot -- X
Phalaris arundinacea Reed Canary Grass C X X
Phytolacca americana American Pokeweed -- X
Polygonum cuspidatum Japanese Knotweed B X X
Polygonum x bohemicum Bohemian Knotweed B X X
Polygonum sachalinense Giant Knotweed B X X
Potentilla recta Sulfur Cinquefoil B X
Robinia pseudoacacia Black Locust -- X X
Rubus armeniacus Himalayan Blackberry C X X
Rubus laciniatus Cut-leaf Blackberry C X X
Rubus lasiococcus Roughfruit Berry -- X
Senecio jacobaea Tansy Ragwort B X X X
Senecio vulgaris Common Groundsel C X
Silene csereii Balkan Catchfly -- X
Silene latifolia Bladder Campion C
Solanum dulcamara Climbing Nightshade -- X
Solanum rostratum Buffalobur Nightshade A X
Sonchus arvensis Field Sowthistle C X
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Table 34. Noxious weeds found in USDA Forest Service Ranger Districts (RD) adjacent to MORA. Large

X06s indicate the species is (nootinued)urrently documented
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Species name Common name = 0z 0] s >

Symphytum officinale Common Comfrey -- X

Tanacetum vulgare Common Tansy C X X

Taraxacum officinale Tommon Dandelion X

Ulex europaeus Common Gorse B X

Verbascum thapsus Common Mullein -- X X

Vinca major Bigleaf Periwinkle X

Vinca minor Common Periwinkle -- X X

lWashington State noxious weed classes: A, eradicate all, not widespread; B, control where not
widespread, contain elsewhere; C, species is widespread or of agricultural interest, control or provide
public education

“Source: Rod Clausnitzer, pers. comm. 2012

®Source: Shawna Bautista, USDA Forest Service PNW Regional Invasive Coordinator, personal
communication
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4.9.5 Emerging Issues

T

The potential for effects of invasive species to be modulated over time by processes such as
evolutionary changes, shifts in species cosian, accumulation of materials and interactions
with abiotic variables necessitates using a {tergh perspective to assess the consequences of
invasive species (Strayer et al. 20@&lther et al. 2009).

While most invasive plant species are currerghtricted to developed areas, there is evidence
that they are spreading more widelithin those areagartly due to management practices such
as sidecasting. (Todd Neel, written communication).

Currently most of the exotic species in MORA are foundwer elevations, but increasing
temperatures ay allow exotics to move to higher elevations (Pauchard et al. 2009).

There are species in adjacent Forest Service lands that have not been recorded in MORA and
therefore may pose imminent threats.

Existing pgulations of invasive plantsay potentiallynove from frequently disturbed areas
(roads, trails, administrative areas) to more pristine areas of the park, including alpine meadows,
and sensitive riparian areas.

Climate change is predicted to influence invasion dynamics and ecosystem consegjuences
invasive species (Hellman et al. 20@&jchar and Mooney 200®/alther et al. 2009).

4.9.6 Information and Data Needsi Gaps

T

The park has many records of invasspecies locations that have not been digitized. Having
these data combined into a single spatial database would provide context to help determine an
effective strategy for integrated management of invasive species.

Frequent and comprehensive inventory arahitoring of at least frortountry areas would help

the park understand the extent of invasive species distribution, effectiveness of control and
prevention efforts, and would provide the basis for studies of potentiatédomgconsequences

and climatechange effects. This effort would also require resources to summarize and integrate
data from monitoring and exotic plant management as well as conduct analyses.

Surveys ofhigher elevations for new exotic invasiare currently inadequate to understamal t
dynamics of spread to these areas.
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4.10 Biodiversity: Wetlands
(Andrea Woodwarénd Patricia HaggertyJSGS FRESC)

4.10.1 Introduction

Wetlands are perhaps the most biodiverse of ecosyst#mie wetlands only represent
approximately 2% of Washingtonds | andscape, 30%
wetland indicator status (Roccio, written communication), 66% of terrestrial vertebrates utilize

wetlands (Sheldon et al. 2005), and 45%hef plant species considered Endangered, Threatened, or
Sensitive by the Washington Natural Heritage Program (WNHP) are associated with wetland or

riparian aread-actors contributing to the potential for wetlands to support a wide variety of species

include the combination of aquatic and terrestrial conditions, high productivity, and changing water

levels, which provide a range of habitats through the seasons (Halls 1997).

The park includes palustrine (marshes, swarfigns) and deepwater wetlands, plugetine wetlands
along 363 k(226 mi)of rivers and streams (NPS B)OThese wetlands are quipeciegliverse,
occurring in forest, subalpinand alpine environmentSubalpine wetlands are often dominated by
Black Sedgearex nigrican¥ in association with Showy Sedgédrex spectabilis Alpine Aster
(Aster alpigenus and Woolly Pussytoe#\ftennaria lanata (Henderson 1974). Low elevation
riparian wetlands usually include Red Aldéir{us rubrg and perhaps Bitgaf Maple Acer
macrophylum), Black CottonwoodRopulus balsamiferasp trichocarpg, Sitka SpruceRicea
sitchensi}, and Oregon AshRraxinus latifoliug in the canopy. SalmonberrR(bus spectabil)s
Devi | 06QGplogahay Horriqus Skunk Cabbagd ysichiton americanujnard a variety of ferns
are found in the understory. At méelevations, wetland flora includes sevedders @Alnus viridis
spp.sinuata, A. incanasp.tenuifolid), willows (Salix boothii, S. commutgtaandhuckleberries
(Vaccinium deliciosum, V. uliginosy (Crawford et al. 2009).

Besides containing\aarietyof flora and fauna, park waters provide habitaigfish or amphibian
species that are listed as threatened, endangered or species of concern (http://nps.mora.gov). The
integrity of wetlands insidéhe park contrasts with wetlands outside the park on public and private
lands which have been extensively modified by logging (NP®R6and other human uses (e.qg.,
development, grazing).

Climate change is predicted to have dramatic effects on hydrgoggesses and water conditions

due to increasing temperature and changes in the timing and amount of precipitation. In the Pacific
Northwest, recent increases in summer and winter air temperature, decreasing summer precipitation
increasing winter precigtion,and consequent changes in the hydrograph are expected to be more
frequent (Mote an®&alathé2010). As integrated elements of the hydrologic system, wetlands and
their inhabitants will certainly be affected.

4.10.2 Approach

We assessed status of vagitls inMORA using wetland maps produced by the National Wetlands
Inventory (NWI) program of the 13. Fish and Wildlife Service. This program has been producing
wetland maps and geospatial data for the U.S since 1974 based on analysis of aerial imagery

(http:/mwww.fws.gov/wetlands) and the Cowardin wetland classification system (Cowardin et al.
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1979). These maps are based on imagery from the 1980s and were validated in the late 1990s by
MORA staff members (Samosd al.2000). More recently, wetlands alotige Carbon and Nisqually
Rivers were mapped and classified as part of Environmental Assessments regarding road
rehabilitation (NPS 2010, 2012). While NWI assesses trend in wetland area, this has only been done
on a national basis and for selected areagwhiding the Pacific Northwest. Wadsocompared the

NWI map with areas mapped as wetland vegetation in the recently completed vegetation map of
MORA (Nielsen and CopasB) prep.)to evaluate the correspondence of map classes

4.10.3 Reference Conditions and Comparison Metrics

There is no evidence to date that total extent and general water quality of wetlands is changing in
MORA, although the location of individual wetlands is dynamic, and no studies have been
specifically conducted to assesstiand quality. Consequently, the current inventory of wetlands
extent can serve as the baseline for identifying future chamggsitial extent, and there is no
baseline for wetland quality

4.10.4 Results and Assessment

Current Condition

The MORA wetlad map (Figure€?2) based on NWI data identifies 1636.6(4845 ac)f wetlands
including 279 hgd689 ac)of lakes and ponds. Wetland types include riverine wetlands, freshwater
emergent wetlands, and freshwater forestedib wetlandddowever, results ofalidation surveys

by MORA staff (Samora et al. 2000) show that of 533 wetlands assessed, only 44% were correct to
system. Also, 165 unmapped wetlands were encountered, of which 91% were above 1219 m (3999
ft) elevation and most had high forest cover.

Wetland area determined by NWdompares with 4245.3 {40,490 acpf wetland vegetation

mapped by the MORA vegetation map (FigBp. The2 maps differ in that the NWI description of
wetlands is more limited to fluvial areas and impoundments while thandetiegetation classes
describe a wider riparian influence and palustrine areas (F2guralso the MORA vegetation map
extends slightly outside of the parkundaryin places to includ&.9 ha (15 ac) afecently acquired

lands and possibly to compledggpolygon that starts inside the park (Lou Whiteaker,. geram).

Detailed comparison of corresponding wetland clasBaisl€¢ 35) indicates that the greatest deficit in
wetland area mapped by NWI is in classes of forested wetlands (those that shoalddeslias
freshwater forestedhrub wetland). The fact that forested wetlands are the most difficult for NWI to
photointerpret and that they are conservatively mapped has been long acknowledged (Tiner 1997).

Comparison among the NWI (1980s) wetland map,MORA vegtationmap (2012)and a wetland
survey of the Carbon River road arédPS2010)further exemplify the differences between the NWI
and park vegetation mapghis comparison indicates that points identified as wetlands during the
ground surveyre generally included in areas classified as the wetlanditype w el evat i on
ri parian and s wamp ethtmnmapandoareimissed by BWIMORA v eg
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Table 35. Comparison of area mapped as corresponding wetland types by the National Wetland
Inventory (NWI) and the MORA vegetation map within the MORA boundary.

National Wetland Area Mount Rainier National Park Area

Inventory Wetland Class (ha) Vegetation Map Wetland Class (ha)

Freshwater emergent High elevation wet meadow/dwarf shrubland 496.7

210.0

wetland Montane wet meadow 49.5
Deciduous floodplain and swamp forest 1009.9

Freshwater forested/shrub 368.6 Low elevation conifer riparian and swamp forest 748.2

wetland ' High elevation conifer riparian forest 1612.2
Riparian deciduous tall shrubland 322.7

Riverine 755.9

Lake 92.3

Pond 186.7 (Not mapped)

Other 5.1

Trend

At present there is no information to describe wetland trends in MORA. Nationally, factors causing
losses in wetlands include agriculture, forested plantations,devalopment, urban development,

and other land uses, while restoration and conservation have resulted in wetland improvement (Dahl
2011). None of these factors are especially relevant to M®RWever, there has likely been

historic alteration of wetlandsear roads and trails and in administrative areas of the park (Barbara
Samora, written communication). For example, Longmire Meadow, despite being a very unique
calcareous fen, is primarily comprised of weedy native species or species indicative of past
disturbance (i.eJuncus arcticusar. littoralis) (Joe Rocchio, written communicatjoilso, many

roads and trails were established in the bottom of drainages for ease of construction. Associated
wetlands are likely affected by resulting changes in hydsoas well as rwoff from roads (Lou
Whiteacker, written communication). Moreoyeiith continual river aggradation and flooding,

wetlands adjacent to roads and trails will no doubt continue to be altered as park staff try to maintain
access.

Predicted Changes

Climate change projaoins forecast warmer winters and summers, higher winter precipitatidn

lower summer precipitation (Mote and Salathe 2010). These changes have already resulted in
declining snowpack, earlier snowmelt runoff, and earlier soil moisture recession (Hamlet et al. 2007)
and are predicted to cause longer and more frequent sutnougihts (Hamlet et al. 2005). As
evidence, lte Palmer Hydrologic Drought Index (PHDLtp://www.ncdc.noaa.ggywhich describes
long-term hydrologic departures from normal growmater conditiongGuttman 1991)has been

negative in 15 of 27 grsince emperatures rose dramatically beginning in 1985 (FiggyeThe net

effect of these changes is difficult to predict, but modeled montane wetlands show earlier and more
rapid drawdown, lower water levelnd a longer dry season in summer (Lee et alviews in

response to projected climate change. The effects are expected to be greatest for intermediate
wetlands (those that dry in late summer or early fall in years with low precipitation) because they are
shallow and are highly sensitive to summer watailability. Modeled results show that the majority

of intermediate montane wetlands will become ephemeral wetlands (meaning they dry in most years,
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usually soon after snowmelt) by the 2080s (Lee et al. in review). More immediate effects may be
shifts inthe zonation of soil moisture and vegetation found around wetland basins. Ecosystem effects
of these changes include loss of habitat provided by intermediate but not ephemeral wetlands for fast
developing amphibians, drought resistant invertebrates, torgrbirds and mesepredatorgRyan et

al. 2014, Lee et al. in reviewntermediatevetlands aralsoimportant for preserving meta

population dynamics of animals and plants and thereforedbetesity (Semlitsch andi®die 1998)

while also beinglifficult to survey and monitor.

- Freshwater Emergent Wetland - Lake
- Freshwater Forested/Shrub Wetland - Riverine

- Freshwater Pond - Other

National Wetland Inventory
Wetland Types

Figure 22. Wetland map for MORA based on National Wetland Inventory data (inset is a magnification of
a representative area of wetlands in the park).
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Wetland Vegetation Classes

B Dcciduous floodplain and swamp forest I 10w clevation conifer riparian and swamp forest
(i High elevation conifer riparian forest [ Montane wet meadow
B High clevation wet meadow/dwarf shrubland [l Riparian deciduous tall shrubland

Figure 23. Distribution of wetland vegetation classes in MORA (inset is a magnification of a
representative area of wetlands in the park).
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Figure 24. Wetlands mapped by the National Wetland Inventory and Wetland Vegetation Classes
mapped for MORA.
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Figure 25. Palmer Hydrologic Drought Index for Climate Division 5 of Washington State (Cascade
Mountains West), 19007 2012. Negative numbers indicate drought conditions.

4.10.5 Emerging Issues

1 While dimate change may have the greatest impact on precipiad¢ipendent wetlands (Burkett
and Keusler 2000; Winter 20Q@hese types (lys and vernal pools) are rare to absent in
MORA. Instead, wetland types present in MORA are primarily fed by surface and groundwater
inputs. These inputs are expected to change over the longer term due to climate change, although
changes are already being seen in the PHDI (FgfleClimate change willikely affect water
quality, particularly temperature, as well as quantity. Perhaps most importantly, climate change
will likely change hydrodynamics including the timing of maximum and minimum water levels.

1 Increasing levels of air pollutants from loeadd global sources may affect wetland water quality
in the future Many wetlands in MORA are especially sensitive because they are oligotrophic and
have low acieheutralizing capacity (Clow and Campbell 2008pwever, some may be more
resilient because @y are nutrient rich, such as Longmire Meadow, forested swamp and fens near
the confluence of Tahoma Creek and the Nisqually River, and many riparian areas (Joe Rocchio,
written communication).
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4.10.6 Information and Data Needsi Gaps

1 Repeated inventories afetland resources are warranted given the importance of wetlands to
support park biodiversity and the potential for climate change to dramatically alter wetlaisds.
probably cannot be done in conjunction with NWI because so many wetlands in MORA are
forested and are not described by NWI. However, monitoring of wetland extent alone will give
limited insight into changes in wetland biodiversity. Ideally, creating a wetland profile (extent of
wetland types so that shifts among types can be tracked) dodieabconditions within each
wetland type would allow a powerful assessment of wetland resource conditions. This can be
done using rapid assessment techniques developed by WNHP or others using a random sample
design within discrete basins. It is also omjant to describe the distribution of rare wetland
types (those tracked by WNHP).

1 While extent may have greater potential to be monitored remotely on a parkwide basis, more
intensive monitoring of hydroperiods and vegetation composition of a few sesitesetould be
informative for analyzing, predicting, and mitigating the effects of climate change on wetlands
(Conly and Van der Kamp 2001.study presently being conducted in MORA is developing
models of MORA wetland ecosystem response to climate etamgart of a broader effort to
forecast impacts of climate change on wetland ecosystems in the Pacific Northwest (L.ée et al.
prep), and to develop climate adaptation strategies for vulnerable wetland types and assemblages.
Follow-up studies should iagrate newly collected ecological and hydrologic data to update
preliminary hydrologic models of climate impacts to wetlands, complete a vulnerability
assessment of climate impacts3dasses of montane wetland (ephemeral, g@minanentand
permanentvetlands), and collect data on wetland dependent plant and animal species.
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4.11 Biodiversity: Subalpine Vegetation
(Andrea Woodward and Patti Haggerty, USGS FRESC)

4.11.1 Introduction

The subalpine zone constitutes the ecotone between continuous forest and treeless alpine meadows,
reflecting increasingly harsh growing conditions with elevation. While it consists of a broad band of
vegetation graduating from tree islands through krummthiis nevertheless a dramatic

physiognomic transition that is predicted to be especially sensitive to climate change (Walther et al.
2005). Summer temperature and the duration of snowpack are the primary climatic factors
controlling establishment andrsival of subalpine vegetation (Rochefartid Petersof©996).

However, specific climatic limiting factors vary at microsite, loeald regional scales (Woodward et

al. 1995 Peterson et al. 200®ill ar et al. 2004), primarily driven by topography. Effecf biota,

such as determining seed sources and altering snow distribution, also influence subalpine plant
distribution. Consequently, subalpine vegetation pattern reflects interactions among climatic,
topographi¢cand biotic factors at multiple spatialades (Zald et al. 2012). High levels of

fragmentation and a unique flora not adapted to other environments cause these areas to contribute
significantly to park biodiversity and habitat variety, including summer habitat for migratory birds.
Subalpine aresmare also important for recreation (Franklin et al. 1981q, are the most heavily

visited areas in the park, aralued for scenic views, seasonal wildflower displaysl wildlife

sightings.

4.11.2 Approach

We used the area classified as subalpine and alpine vegetation by the MORA vegetation map
(Nielsen and CopasB) prep.) to assess current status of subalpine vegetation in MORA. To describe
trend, we summarized the research studies describing trendsaipise meadows conducted in

MORA. Finally, we acquired times series of aerial photographs and imagery to look for dramatic
changes at sites recommended by park staff. Thorough, quantitative geospatial analysis that might
detect subtle changes was beydmel $cope of this project.

4.11.3 Reference Conditions and Comparison Metrics

Defining a reference condition for treeline and subalpine meadows is complicated by the fact that
treeline has moved to higher and lower elevations in response to millennialitrestidnate

(Rochefort et al. 1994and there is a delay between conditions favoring tree establishment and a
noticeable change. For example, tree invasion observed in the 1960s at Mount Rainier was attributed
to warmer climate during 1920940 (Frankliret al. 1971). Moreover, the period of record for

MORA is very short relative to decaesdale climate fluctuations. Consequently, the present

condition may simply serve as the reference for future change.

4.11.4 Results and Assessment

Current Condition

According to the newly created vegetation map, 23.4% of MORA comswegetation classes that
span the ecotone from the upper edge of continuous forest, through tree clumps and kruimmholz
alpine meadows. Subalpine forests occur at 12Q8987 ft.)to 1500 m (4921 ft.)all around the
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park and include moister associations wAthies amabiligMesic Subalpine Forest and Woodland,
MO006), and drier associations dominatedAtyes lasiocarpugDry Subalpine Forest and Woodland,
M012) orPinus albicauligSubapine FirWhitebark PineNoodland), especially in the northeast
sector. Areasvith tree islands among meadows also occur all around the park and may be dominated
by Abies lasiocarpaTsuga mertensianandCupressus nootkatengiSubalpine Mixed Woodland
ard Shrubland, M047). Subalpine meadows in dry areas felats@ie viridulaand occur on slopes
throughout the park (Mixed Forb/Graminoid Herbaceous Meadow, M052) and on flatter areas,
especially in Grand Park and Sunrise (Green Fescue Dry Herbaceous MBHEX). Moister sites
might be dominated b@arex spectabiligM060), Valeriana sitchensjsaand other herbs (Valerian
HelleboreLuzula Mesic Subalpine Meadow, M086) or ericaceous shrubs (Subalpine Mountain
Heather Dwarf Shrubland, M074). The wettest meaddare dominated b@arex nigricangHigh
Elevation Wet Meadow/Dwarf Shrubland, MO58hdVacciniumspp. are characteristic of meadows
that are early successional following fires in subalpine areas (High Elevation Difyréost
Shrubland, M085). At highexlevation windswept areas with shallow saitglsubalpine trees take a
krummholz form (Conifer Shrubland, M015). Alpine meadows on-degined, moderately steep
slopes are dominated Bympetrum nigricangCrowberryKinnikinnick-Juniper Dwarf Shrubland,
MO063), Carex spectabilid_omatium martindalgiand other herbs on talus and scree (Talus, Scree,
Snowbedand Fellfield Vegetation, MO73gndCassiope mertensiara Phyllodoce empetriformis

on mesic, rocky areas, especially in the north part of the(pgskne Mountain Heather Dwarf
Shrubland, M906).

Trend

We detected no dramatic changes in tree distribution upon examining time series of aerial
photography and satellite imagery fbsubalpine meadows on the west side of MORA over the
period 1959 to presnt ( Spray Park and Mist Parklowever, new tree patches anefilling of

meadows were apparent in Van Trump Park from 1951 to presehhear Golden Lakes from 1955

to 2003 (Stueve et al. 2009)he images from Van Trunfark and results from Golderakes
correspond to the study of Rochefort and Peterson (1996) showing continuous recruitment in west
side meadows since 1930, attributed to warm dry summers, which lengthen the growing season in
this areacharacterized biiigh annual snowpack. They fouadtablishment to occur in short, discrete
periods in easside meadows, coincident with cool, wet summers (especially 1980s), which alleviate
summer drought in areas with lower annual snowpack. This contrasts with earlier studies showing
establishment dumg 1923 to 1944vith a peak in the 19308 Paradise Meadow (Franklin et al.

1971), considered a weside site by Rochfort and Peterson (1996), and other sites throughout the
park (Henderson 1974As with Rochefort and Peterson (1996), Henderson (19%)eanklin et

al. (1974)concluded that the snefree period is the most critical factor affecting tree establishment
buttheydid not draw different conclusions about esisie meadowsAll 3 studies agree that tree
recruitment is most dense in heatimub communities dominated IBhyllodoce empetriformis

These results correspond to other studies showing increasing tree establishment in subalpine
meadows elsewhere in the Pacific Northwest (Franklin et al.,J8@addward et al. 1995Rochefort

and Peteien 1996 Zolbrod and Peterson 199@)nd the observation that increases in tree density are
a potential impact of climate change (Camarero and Gutierrez 208dglusions about the
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importance of cool, wet summers to tree establishment in relatively elng have also been found
following fire at sites just northeast of MORA (Little et al. 1994).

Predicted Changes

Summer temperature is predicted to increase in the Pacific Northwest duringtberi2dry, and

the extent and duration of snowpack are ptedito decrease (Mote et al. 2005). These changes will
mean earlier onset of spring conditions and longer growing seasons. A decrease in subalpine meadow
habitat as conifers advance is a documented effect of climate change (Woodward et al. 1995
Rochefortand Peterson 1998olbrod and Peterson 199eterson et al. 200Rlillar et al. 2004

Holtmeier and Broll 200%Zald et al. 2012). However, while climate models can predict generalized
trends, local responses to climate change will vary (Malanson28Gi). Consequently, predicted
upward migration of tree species may be ameliorated if the high degree-stéileevariability in

mountain ecosystems provides some localamttitions that are unfavorable for tree establishment
(Randin et al. 2009Neveatheless, subalpine vegetation is expected to exhibit increased habitat
fragmentation and to experience increased competition from lower elevation species due to climate
change (Walther et al. 2005). In addition to impacts of changing climate, subalgétatian may
experience greater effects of insects and pathogens (Dale et al. 2010). For example, the spread of
Mountain Pine Beetleo Whitebark Pinéhas been attributed to warmer temperatures (Logan et al.
2003). Changes to other ecosystem processesasyaenology of flower bloom may also alter

subalpine ecosystem function (Dunne et al. 2003). The consequences of meadow loss or impairment
include the loss of genetic diversity, habitat, and overall alpine diversity (Malanson et a).a&2@D7)

may affectwater and nutrient budgets of mountain watersheds (Seastedt et al. 2004).

4.11.5 Emerging Issues

1 Changes in treeline position are more complex than trees simply establishing at higher elevations
due to warming climate. Firgcale constraints such as mitopographydistance from mature
trees as sources of shelter and seed, and characteristics of meadow vegetation will limit the
ability of trees to establish in meadows (Holtmeier and Broll 20@fanson et al. 20QRandin
et al. 2009Zald et al. 2012)Perhaps subalpir@pine vegetation will be squeezed between the
advance of trees at lower elevati@ssthey increase upslope with climate chaaythe slow
process oflpinepedogenesis at upper elevations.

1 In addition to potential loss in areal exteclimate change may alter ecological processes in
subalpine meadows such as phenology (Dunne et al. ,2088rbance due to native and ron
native insects and pathogens (Dale et al. 2001), and fire if fuels become more available due to
longerwarmdry periods during summer.

1 Changes in air quality may interact with warming temperatures and reduced snowpack to
accelerate changes in composition of herbaceous vegetation communities (Bowman et al. 1993,
1995, Adams 2003).

4.11.6 Information and Data Needsi Gaps

1 Many years may elapse between when trees begin to establish in meadows and when they can be
detected in remotely sensed data because the harsh subalpine environment significantly limits
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tree growth. Therefore, groutithsed monitoring is required to provide early warning of changes.
LiDAR may be useful for early detection of tree establishment over large areas, especially as it
becomes less costly.

1 Current climate models are at resolutioms coarse to be useful in complex hgjlevation
topography with important smadicale variation in habitat characteristics. Monitoring the
duration and extent of annual snowpack would provide valuable information to supplement
temperature and precipitamh for understanding subalpine responses to climate change (Aubry et
al. 2011).

1 Recreational use of subalpine areas in the park is significant. Current levels of recreational use
have resulted in adverse c¢hangescest(MandékKaropl ogi c all
and Zweibel 2004Rochefort and Swinney 2000). Informal social trails and campsites can
fragment plant communities or wildlife habitat into smaller patches reducing habitat connectivity
and ecosystem resilienddoderate to high levels dfagmentation can influence and alter
wildlife movement patterns and alter patterns of gene flow. A project is presently underway to
investigate the use of spatial statigtimetrics to evaluate the influence of recreational use trails
and campsites orapk ecosystems (Rochefaort prep). Results of this project should be
integrated into management of sensitive areas such as subalpine and alpine habitats and long
term monitoring instituted using spatial metrics, should the methodology prove to befarseful
assessing habitat fragmentation and ecosystem resilience.
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4.12 Biodiversity: Sensitive Vegetation Species
(Andrea Woodward, USGS FRESC)

4.12.1 Introduction

National parks strive to minimize the effects of human development on the ecosystems they protect.
One of the desired results is reduced risk of extinction for native spswikpreservation of

biodiversity. Besides protecting biodiversity for its intrinsic value, areas having relatively unimpaired
complements of species provide opportunities to study natural ecologic processes and they serve as
benchmarks against which démeed areas can be compared. Moreover, the process and
consequences of federal listing can be minimized for sensitive species that have sufficient
populations in protected areas.

4.12.2 Approach

The gatus of sensitive specieasassessed using listswdscular and nemascular plant species and
fungi, compiled by Rochefor2010) Glew (2002 and undated Mount Rainier recoyddarpel

(2010) and the adjacent national foresigtg://www1.dnr.wa.gov/nhp/refdesk/fguide/ntm/f
sfgabc.htm). The range of éaspecies in North America was extracted from the Pleoftl€s

website (USDA NRCS 2018vailable ahttp://www.nrcs.usda.gov/wps/portal/nrcs/siional/

homeg. Documented occurrences of sensitive species in Washington State were obtained from the
Washngton Natural Heritage Prograf@W/NHP 2002 http://www1.dnr.wa.gov/nhpkefdeskiguide).
Trend in sensitive species was determined by assessing change in species status in Washington State
since 1997. The assessment study area was MORA plus adjacenf gaftsrd-Pinchot,
OkanogaAWenatchee, and Mount Bak8noqualmie National Forests.

4.12.3 Reference Conditions and Comparison Metrics

The WNHP haspublishedchanges in the conservation status of plant species since 1997
Consequently we will use 1997 tee reference conditiomhe assessment metric is number of
species changing WNHP status.

4.12.4 Results and Assessment

Current Condition

There arecurrentl@s peci es having a state conservation rat
higher among specietcumented to occur in MORA (Tablé)3Six have state sensitive status

while the other 2 have watch status. One other species is apparently rare but more field studies are
needed to determine its status (Tald®e & addition, of the8 species? are cmsidered globally

vulnerable to imperiledGastilleja crypthanthaPedicularis rainierensis Both of these species

occur in subalpine areas and were thought to be endemic to MORA, but have also been documented
outside of the park boundary (Biek 200Cgdilleja crypthanthaoccurs in dryish meadows on

pumicederived soils in the northern part of the pdkdicularis rainierensi®ias been seen in

various parts of the park on noifdcing slopes.

Numerous additional sensitive species occur in adjaditnal forests (Table73. While many of
these species could occur in MORA, those that have been observed near the park boundary and in
appropriate habitats seem most likely to also have populations in the park. Candidates include
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Botrychium ascenden€arex comosaCorydalis aquaegelidae Fritillaria camschatcensis
Gentiana douglasiandleterotheca oregonear. oregona Juncus howelliiLycopodiella inundatum
Microseris borealisMontia diffusa Ranunculus populag&idalcea hirtopesandUtricularia
intermedia

Several surveys of newascular plants and macrofungi have been conducted in localized areas of
MORA. Although these efforts are limited, surveys discovered several lichen species that are listed
by Washington, are globally vulnerabte wereidentified as rare by Katherine Glew (i.e.,
Allantoparmelia almquistjiLecidella carpathicaStereocaulon nivalandTephromela armeniaga

(Table B). More work on nofvascular plants and fungi is clearly warranted.

There areb additional species besides those in Tabléhat areconsidered to bspecies of
management concern for MOR#preadsheet SOMCPIlantsMORA.xls, on file at MOR*Qoseris
elatais listed as sensitive by WNHP and there is an historic record of it in MORHMwebsite).
Although it was targeted with field surveysafll, it has not been relocatedarex atrosquama
(synCarex atratavar. atrosquamgMackenzie) Crong.) is no longer listed by WNHdBiek
(2000) indicates that the voucher for this species fthe park actually misapplied the name to
Carex spectabilislt was not located during the survey conducte2itl. Dryopteris cristatais on
the species list for the patut is unlikely to occur there (Biek 200B0oa nervosas currently
consideredo be a rare plant of the lower Columbia gorge. Zkeuchers from MORA were
collected in the 1890s and areRia wheeler{Biek 2000), which is not listed by WNHPinus
albicaulishas been proposed for listing under the federal Endangered Speciesi Axabso subject
to White Pineblister rust. FinallyThuja plicataandXerophyllum tenaare of concern because they
areboth of cultural importance to tribes for basketry.

Trend

Among the sensitive species documergedccuring in MORA, none have len elevated in status

since 1997while2have been downgr aded Botrychinm tarsceolatarantd i ve 6 t
B. pinnatum andl (Saxifraga rivulari has been removed from the list (Tab&.3mproved status

is most commonly due to the locatiohpreviously unknown populations. There is insufficient

information to describe trends in neascular plants and macrofungi.

Predicted Changes

Threats to sensitive species include changes in air quality, climate change, and invasive species. The
effectsof all of these factors are expected to accelerate over time and their effects on vegetation are
discussed in other sections of this chapter. Species that may deserve particular attention (NatureServe
2012) because of their relative rarity, they are atttge of their range, or may be in the park but

have not been documented include:

1. Castilleja cryptanthd a nearly MORA endemic that is globally vulnerable to threatened (G2G3)
and SS, S2S3 in Washington;

2. Heterotheca oregona var. oregon&T, S1 in Waslmgton and occurs near the eastern boundary
of MORA;
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. Juncus howellii ST, S1 in Washington and occurs near the park and is at the northern edge of
its range;

Lycopodiella inundaturih SS, S1 in Washington and occurs just west of MORA;

. Oxytropis monticold SS, S2 in Washington, and occurs in MORA, but most of its range is
intermountain west;

. Pedicularis rainierensi$ a nearly MORA endemic that is globally vulnerable to threatened
(G2G3), and SS, S2S3 in Washington;

Ranunculus populagoSS, S2 in Washigton, and occurs near the western boundary of MORA
(see Tables®and & for definitions of codes).
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Table 36. Sensitive species of Mount Rainier National Park.

TLT

State
status Change
Global (rank) since
Species name Common name Rank® | 20127 19972 Range in North America®
Botrychium lanceolatum | Triangle Grapeleaf G5 SW(S3) Z SW Can:AB,BC,LB,NB,NF,NS,ON,PE,SK,YT
USA:AK,AZ,CA,CO,CT,ID,KY,MA,MD,ME,MI,MN,MT,NC,NH,NJ
,NM,NV,NY,OH,OR
Botrychium pinnatum Northern Moonwort G4? SW(S3) Z SW Can:AB,BC,NF,NT,QC,SK,YT
USA:AK,AZ,CA,CO,ID,MT,NV,0OR, UT, WA
Castilleja cryptantha Obscure Indian-Paintbrush | G2G3 SS(S2S3) USA: WA
Luzula arcuata ssp. Curved Woodrush G5T3T5 | SS(S1) Can:AB,BC,YT USA:AK,OR,WA
unalaskensis
Microseris borealis Northern Microseris G5 SS(S2) Can: BC USA:AK,CA,OR,WA
Oxytropis monticola Slender Crazyweed G5? SS(S2) Can:AB,BC,MB,SK USA:CO,ID,MT,ND,SD,WAWY
Pedicularis rainierensis Mount Rainier Lousewort G2G3 SS(S2S3) USA: WA
Polemonium viscosum Skunk Polemonium G5 SS(S1S2) Can:AB,BC USA:AZ,CO,ID,MT,NM,OR,UT,WAWY
Saxifraga rivularis Pygmy Saxifrage G5? Z off | Can:AB,BC,LB,MB,NF,NT,NU,ON,QC,YT
USA:AK,AZ,CA,CO,ID,MT,NH,NM,NV,OR,UT,WA WY
Whipplea modesta Modest Whipple-vine G4 SR1(SNR) USA:CA,OR,WA

'Codes and source (NatureServe); G1, globally critically imperiled; G2, globally imperiled; G3, globally vulnerable; G4, globally apparently secure;
G5, globally secure; T# indicates same categories for varieties and subspecies

*http://www1.dnr.wa.gov/nhp/refdesk, accessed December 2012; State status: SE, state endangered; ST, state threatened; SS, state sensitive;
SW, watch; SR1, additional fieldwork needed before status can be assigned; State rank: S1, state critically imperiled; S2, state imperiled; S3, state
vulnerable; SNR, state not ranked

*Biek (2000)
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Table 37. Sensitive species documented in adjacent national forests but not in MORA.

WNHP
WNHP  WDFW
Global State State
Species name Common name Rank!  status’ Rank® MBS* OwW* GP* Nearestrecord since 1980°
Allium campanulatum Sierra Onion G4 ST S1 D Columbia Co.
Antennaria parvifolia Nut t RBuksy-tbes G5 SS S2 D Stevens Co.
Astragalus arrectus Palouse Milk-vetch G2G4 ST S2 D Klickitat Co.
Astragalus microcystis Least Bladdery Milk-vetch G5 SS S2 S Olympic peninsula
Bolandra oregana Oregon Bolandra G3 SS S2 D Skamania Co.
Botrychium ascendens Upward-lobed Moonwort G2G3 SS S2 D D Near park eastern boundary
Botrychium crenulatum Crenulate Moonwort G3 SS S3 D unknown
Botrychium lineare Slender Moonwort G2? ST S1 S Ferry Co.
Calochortus longebarbatus Long-bearded Mariposa G4 SS S2S3 S Yakima Co.
var. longebarbatus Lily
Carex chordorrhiza Cordroot Sedge G5 SS S1 D Okanogan Co.
Carex comosa Bristly Sedge G5 SS S2 S D Pierce Co. west of MORA
Carex densa Dense Sedge G5 ST S1 D Wahkiakum Co.
Carex gynocrates Yellow Bog Sedge G5 SS S1 D Eastern Okanogan Co.
Carex macrochaeta Long-awned Sedge G5 ST S1 Skamania Co.
Carex media/norvegica Intermediate Sedge G5? SS S2 D S North-central Okanogan Co.
Carex pauciflora Few-flowered Sedge G5 SS S2 D S King Co.
Carex proposita Smokey Mountain Sedge G4 ST S2 D D Wenatchee mountains
Carex scirpoidea var. Canadian Single-spike G5T5 SS S2 D D Olympic peninsula
scirpoidea Sedge
Carex stylosa Long-styled Sedge G5 SS S1S2 D S Border King and Chelan Co.s
Carex sychnocephala Many-headed Sedge G4 SS S2 D Okanogan Co.
Carex tenuiflora Sparseflower Sedge G5 ST S1 D Central Okanogan Co.
Carex vallicola Valley Sedge G5 SS S2 D Eastern Dougla Co.
Chaenactis thompsonii T h o mp s @Ghaedatis G2G3 SS S2S3 D D Chelan, Whatcom Co.; serpentine soll
Chrysolepis chrysophylla var Golden Chinquapin G5 SS S2 D Mason, Skamania Co.s
chrysophylla
Chrysosplenium tetrandrum Northern Golden-carpet G5 SS S2 D Eastern Okanogan Co.
Cicuta bulbifera Bulb-bearing Water- G5 SS S2 S Chelan Co.
hemlock
Collinsia sparsiflora var. Few-flowered Collinsia G4 SS S1S2 S Klickitat Co.

bruceae
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Table 37. Sensitive species documented in adjacent national forests but not in MORA (continued).

WNHP
WNHP  WDFW
Global State State
Species name Common name Rank!  status? Rank® MBS* OW* GP* Nearestrecord since 1980°
Coptis aspleniifolia Spleenwort-leaved G5 SS S2 D S S Snohomish Co.
Goldthread
Corydalis aquae-gelidae Cold-water Corydalis G3 SS S2S3 D Skamania Co.
Cryptantha flaccida Beaked Cryptantha G4 ST S2 S unknown
Cryptogamma stelleri St e | Roekbréke G5 SS S1S2 D Northern Chelan Co.
Cypripedium parviflorum Yellow La d y Siggper G5 ST S2 D Western Okanogan Co.
Damasonium californicum Fringed Waterplantain G4 SE S1 S Klickitat Co.
Delphinium viridescens Wenatchee Larkspur G2 ST S2 D Southern Chelan Co.
Draba cana Lance-leaved Draba G5 SS S1S2 D Northwestern Okanogan Co.
Dryas drummondii var. Dr u mmo Naldtan- G5T5 SS S2 D S Jefferson, Snohomish Co.s
drummondii avens
Erigeron howellii Ho we Ddisg s G2 ST S2 S Skamania Co.
Erigeron oreganus Oregon Daisy G3 ST S2 S Skamania Co.
Eriophorum viridicarinatum Green Keeled Cotton- G5 SS S2 D Lincoln Co.
grass
Eritrichium nanum var. Pale Alpine Foret-me-not G5T4 SS S1 D Border Okanogan, Chelan Co.s
elongatum
Eryngium petiolatum Oregon Coyote-thistle G4 ST S1 S Klickitat Co.
Fritillaria camschatcensis Black Lily G5 SS S2 D S King Co.
Gaultheria hispidula Creeping Snowberry G5 SS S2 S Central Snohomish Co.
Gentiana douglasiana Swamp Gentian G4 SS S2 D D King Co., north of MORA
Geum rivale Water Avens G5 SS S2S3 D Western Okanogan Co.
Geum rossii var. depressum R o s Avéns G5T1 SE S1 D Southern Chelan Co.
Hackelia hispida var. disjuncta  Sagebrush Stickseed G4T2T3 SS S2S3 D Grant Co.
Hedysarum occidentale var. Western Hedysarum G5 SS S1 D Skamania Co.
occidentale
Heterotheca oregona var. Oregon Goldenaster G4T4? ST S1 D D Yakima Co. near MORA
oregona
Juncus howellii Ho we Rush s G4 ST S1 D D Skamania Co.
Leptosiphon bolanderi B a k elLinénghus G4G5 SS S2 S Klickitat Co.
Lomatium suksdorfii Su k s d Desdrt®arsley  G3 SS S3 D Klickitat Co.
Lycopodiella inundatum Bog Club-moss G5 SS S1 S Pierce Co., just west of MORA
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Table 37. Sensitive species documented in adjacent national forests but not in MORA (continued).

WNHP
WNHP  WDFW
Global State State
Species name Common name Rank!  status? Rank® MBS* OW* GP* Nearestrecord since 1980°
Mecronella oregano White Fairypoppy G2G3 ST S1 S Lewis Co., west of MORA
Microseris borealis Northern Microseris G4? SS S2 S D Northern Skamania Co.
Mimulus pulsiferae Pul s iMorkey-&lawver G472 SS S2 D D Central western Skamania Co.
Mimulus suksdorfii S u k s d blonkeg-flower G4 SS S2 D S Kittitas Co.
Montia diffusa Branching Montia G4 SS S2S3 D Northern Skamania Co.
Navarretia tagetina Marigold Navarretia G5 ST S1 S Klickitat Co.
Nicotiana attenuata Coyote Tobacco G4 SS S2 D Yakima, Klickitat Co.s
Ophiglossum pusillum Ad d e Tohgue G5 ST S1S2 S Klickitat Co.
Pellaea brachyptera Sierra Cliffbrake G4G5 SS S2 D Northeastern Chelan Co.
Pellaea breweri Br e w Eliffdrake G5 SS S2 S D Kittitas Co.
Penstemon barrettiaw B ar r Pdangteinen G2 ST S2 D Skamania Co.
Penstemon eriantherus var. Whi t @ehstesnon G4T2 SS S2 D Southern Chelan Co.
whitedii
Penstemon wilcoxii Wi | c Bengieson G4 SS S1 D Eastern Spokane Co.
Petrophytum cinerascens Chelan Rockmat Gl SE S1 D Eastern Chelan Co.
Phacelia minutissima Dwarf Phacelia G3 SE S1 D North-central Kittitas Co.
Physaria didymocarpa var. Common Twinpod G5T4 ST S1 D Northwestern Kittitas Co.
didymocarpa
Pilularia americana American Pillwort G5 ST S1S2 D Central eastern WA
Platanthera chorisiana C h o rBogsoéchid G3G4 ST S2 D S Northern King Co.
Platanthera sparsiflora Canyon Bog-orchid G4G5 ST S1 D D S Southern Skamania Co.
Polemonium carneum Great Polemonium G4 ST S1S2 S Southern Skamania Co.
Potentilla nivea Snow Cinquefoil G5 SS S2 D Northwestern Okanogan Co.
Pyrrocoma hirta var. Sticky Goldenweed G4G5 SS S1 D Kittitas Co.
sonchifolia
Ranunculus cooleyae Co ol 8uytérap G4 SS S1S2 D Northern King Co.
Ranunculus populago Mountain Buttercup G4 SS S2 D Western border MORA
Ranunculus triternatus Dalles Mt. Buttercup G2 Se S1 S Southern Klickitat Co.
Ribes oxyaconthoides ssp. Idaho Gooseberry G5T3T4 ST S2 D Eastern WA
irriguum
Rorippa columbiae Columbia Cress G3 SE S1S2 S Southern Skamania Co.
Rotala ramosior Lowland Toothcup G5 ST S1 D Grant Co.
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Table 37. Sensitive species documented in adjacent national forests but not in MORA (continued).

WNHP
WNHP  WDFW
Global State State

Species name Common name Rank!  status’ Rank® MBS* OW* GP* Nearestrecord since 1980°
Rubus arcticus ssp. acaulis Nagoonberry G5T5 ST S1 D Central Okanogan Co.

Salix glauca ssp. glauca var. Glaucus Willow G5T57? SS S1S2 D North-central Okanogan Co.
villosa

Salix maccalliana Ma c ¢ aWillbwp s G5? SS S1 D Northeastern WA

Sanicula marilandica Black Snake-root G5 SS S2 D North-central Okanogan Co.
Saxifraga cernua Nodding Saxifrage G4 SS S1S2 D Western Okanogan Co.
Saxifagopsis fragarioides Joint-leaved Saxifrage G3? ST S1 D Southern Chelan Co.
Scribneria bolanderi Scri b@Grass 6 s G4 SS S1 D Klickitat Co.

Sidalcea hirtipes Bristly-stemmed Sidalcea G2 ST S1 D Central Lewis Co.
Sisyrinchium sarmentosum Pale Blue-eyed Grass G1G2 ST S1S2 S D Central-eastern Skamania Co.
Spiranthes porrifolia Western Ladies-tresses G4 SS S2 D Eastern Kittitas Co.
Sullivantia oregana Oregon Sullivantia G2 SE S1 S Southern Skamania Co.
Trifolium thompsonii Thomp s@aver s G2 ST S2 D Southeastern Chelan Co.
Utricularia intermedia Flat-leaved Bladerwort G5 SS S2 S Northern King, central Skamania Co.s
Vaccinium myrtilloides Velvet-leaf Blueberry G5 SS S1 D Eastern Okanogan Co.

Viola renifolia Kidney-leaved Violet G5 SS S2 D Northeastern WA

'G1, globally critically imperiled; G2, globally imperiled; G3, globally vulnerable; G4, globally apparently secure; G5, globally secure; T# indicates
same categories for varieties and subspecies

’SE, state endangered; ST, state threatened; SS, state sensitive
%31, state critically imperiled; S2, state imperiled; S3, state vulnerable

*Documented (D) and suspected (S) occurrence of species in Mount Baker-Snoqualmie (MBS) and Okanogan-Wenatchee (OW) National Forests
(http:/lwww.fs.fed.us/r6/sfpnw/issssp/agency-policy/ accessed 12/2012)

*Source: http://www1.dnr.wa.gov/nhp/refdesk/fguide/htm/fsfgabc.htm; most species descriptions were updated in 2003.



Table 38. Sensitive non-vascular plants and macrofungi found in MORA.

Species (MORA surveys) Global Rank®  State Rank®
Mosses Thamnobryum neckeroides G4 S2
Anthoceros fusiformis G3 none
Allantoparmelia almquistii GNR none
Buellia notabilis G3 none
Lecidella carpathica G5 SNR
Rhizocarpon jemtlandicum G3G5 SNR
Lichens* Sporastatia polyspora G3G5 SNR
Stereocaulon nivale GNR SNR
Tephromela armeniaca G5 none
Umbilicaria decussata G3? S1
Umbilicaria havaasii G3G4 S1
Macrofungus5 Bridgeporus nobilissimus G3 S2

'Source: Final Mt. Rainier Phase 1 Bryophyte Survey Report ver2.doc, Judith Harpel 2010

’G1, globally critically imperiled; G2, globally imperiled; G3, globally vulnerable; G4, globally apparently
secure; G5, globally secure; NR, not yet ranked

%31, state critically imperiled; S2, state imperiled; S3, state vulnerable; NR, not yet ranked

*Sources: MountRainierRareLickensKGlew.doc, Katherine Glew, undated; Rare Alpine Lichens Camp
Muir_Glew.doc, Katherine Glew 2002

°Source: 2009_12_29 Report_ BRNO_final.doc, Matt Gordon 2009

4.12.5 Emerging Issues

T
T

Climate change is likely to affect the abundance and location of habitats of sensitive species.

Species that are on the edge of their distribution may be geneticéitdisom the main
populations and have traits that contribute to {@rgn survival (Gaston 2012).

4.12.6 Information and Data Needsi Gaps

T

Surveys of relevant habitats for species that have been reported in the park but not relocated in
the NPS inventoreffort, or that are known to occur in adjacent national forests butrwve
beenlocated in the pariwould help confirm their absence.

An opportunity exists foMORA staff toparticipate in establishing a formal classification
method for NPS of species of management concern that could beeaferssiced to the
classifications of surrounding federal agencies.

Forecasts of where relevant habitats may migrate due to changnadecivouldprovide
valuable infomation for considering potential management interventions

Characterization of genetic composition and adaptations of species on the edge of their
distribution may indicate whether these populations can contribute to tiréelon survival of
these species.

More extensive and systematic surveys for-mascular plants and fungi are needed to
adequately describe their status to serve as a baseline for eventually detecting trends. These
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surveys should include an indicationtofal area surveyed as well as where populations were
found.
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4.13 Amphibians
(Michael J. Adams, USGS FRESC)

4.13.1 Introduction

Amphibians are a class of vertebrate defined by moist glandular skin. Some species have complex
life cyclesand rely on both aquatic and terrestrial habitats for different parts of their life history. It is
convenient, however, to categorize amphibians according to their breeding habitat: pond, stream, and
terrestrial. Fourteen speciesf(ogs 1 toad and9 salamanders) have been identified as present in
MORA (Figure26; Table 3). Three species are federally listed as Species of Concern (Larch

Mountain Salamander, Van Dykeb6s Salamander, and
Dykeds Sal amatedby WashingtoneState hsssensitive species; the Western Toad is a
candidate for |listing in Washington; and the Ca

Salamander are each species recommended for monitoring. Albbfit t he species (Cop:
Salanander, Larch Mountain SalamandsenrthernRedl egged Fr og, and Van Dyk
have wide distributions within the park (Taldl@). Within their respective ranges, the stataf all

but4 species are classified as stable (Tal@le Cascades Frognsatina, and Western Toad are

classified as decreasing within their ranges, and the status of the CoastaFajliscunknown.

4.13.2 Approach

This assessment relied predominantly on a previous report that compiled all amphibian records for
the Natioral Parks in Washington Sta@alvan et al. 2005)The report covered the bulk of

inventory work that was completed 1929005; however, we also consulted Samora et al. (2013) and
a few unpublished inventories that have more recently been completed.

4.13.3 Reference Conditions and Comparison Metrics

Each of the amphibian species documented as pliedd@RA have attributed to them management
status designations (Tabl8)3as wellas global trend and within park and regional distribution
information (Table40). This information can be used to indirectly attribute some level of

conservation or management importance to the presence of these species in MORA habitats. The
designations olistings for each species were gathered from several sources including NatureServe,
US ESA Listing (Federal), International Union for Conservation of Nature, and the Washington State
Species of Concern List available from the WDFW.
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Table 39. MORA amphibian species and their management status. G = global conservation status rank: 3 = vulnerable, 4 = apparently secure, 5 =

secure; NL = not listed.

Management Status

Scientific name Common name Washington Federal IUCN NatureServe
Ambystoma gracile Northwestern Salamander NL NL Least Concern G5
Ambystoma macrodactylum Long-toed Salamander NL NL Least Concern G5
Ascaphus truei Coastal Tailed Frog Monitor NL Least Concern G4
Anaxyrus boreas Western Toad Candidate Species of Concern  Near Threatened G4
Dicamptodon tenebrosus Coastal Giant Salamander NL NL Least Concern G5
Dicamptodon copei Cope's Giant Salamander Monitor NL Least Concern G3G4
Ensatina eschscholtzii Ensatina NL NL Least Concern G5
Pseudacris regilla Northern Pacific Treefrog NL NL Least Concern G5
Plethodon larselli Larch Mountain Salamander Sensitive Species of Concern  Near Threatened G3
Plethodon vandykei Van Dyke's Salamander Sensitive Species of Concern  Least Concern G3
Plethodon vehiculum Western Red-backed Salamander NL NL Least Concern G5
Rana aurora Northern Red-legged Frog NL NL Least Concern G4
Rana cascadae Cascades Frog Monitor NL Near Threatened G3G4
Taricha granulosa Rough-skinned Newt NL NL Least Concern G5




Table 40. Global trends and distributional extent of amphibians present in Mount Rainier National Park. [IUCN = International Union for
Conservation of Nature; PNW = Pacific Northwest.

Trends Extent
Scientific name Common name IUCN Inside Park Outside Park
Ambystoma gracile Northwestern Salamander stable wide PNW
Ambystoma macrodactylum Long-Toed Salamander stable wide PNW
Ascaphus truei Coastal Tailed Frog unknown wide PNW
Anaxyrus boreas Western Toad decreasing wide western US
Dicamptodon tenebrosus Coastal Giant Salamander stable wide PNW
Dicamptodon copei Cope's Giant Salamander stable limited sub PNW
Ensatina eschscholtzii Ensatina decreasing wide western US
Pseudacris regilla Northern Pacific Treefrog stable wide PNW
Plethodon larselli Larch Mountain Salamander stable limited sub PNW
Plethodon vandykei Van Dyke's Salamander stable limited sub PNW
Plethodon vehiculum Western Red-Backed Salamander stable wide PNW
Rana aurora Northern Red-Legged Frog stable limited PNW
Rana cascadae Cascades Frog decreasing wide PNW
Taricha granulosa Rough-Skinned Newt stable wide PNW
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Northwestern Salamander (4bystoma gracile) Long-toed Salamander (Abystoma macrodactylum)

Western Toad (Anaxyrus boreas)

Coastal Tailed Frog (Ascaphus truei)

Mount Rainier
Amphibian Detections

e Breeding

e Non-Breeding

Miles
0 5 10
: | : | I
0 5 10 Coastal/Cope’s Giant Salamander
Kilometers (Dicamptodon tenebrosus/copei)

Figure 26. Distribution of amphibian species in Mount Rainier National Park. Distribution maps revised
from maps originally published in Galvan et al. (2005).
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Ensatina (Ensatina eschscholtzii) Larch Mountain Salamander (Plethodon larselli)

Van Dyke's Salamander (Plethodon vandykei) Western Red-backed Salamander (Plethodon vehiculum)

Red-legged Frog (Rana aurora) Northern Pacific Treefrog (Pseudacris regilla)

Figure 26. Distribution of amphibian species in Mount Rainier National Park. Distribution maps revised
from maps originally published in Galvan et al. (2005) (continued).
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Cascades Frog (Rana cascadae) Rough-skinned Newt (Taricha granulosa)

Figure 26. Distribution of amphibian species in Mount Rainier National Park. Distribution maps revised
from maps originally published in Galvan et al. (2005) (continued).

4.13.4 Results and Assessment

All amphibians withareasonable potential to occur in MORA have been detected in the park with
perhapsl exception, the Cascade Torrent Salaman@ay#écotriton cascadaeThis species is found

to the southwest of the park, and although stream surveys have been thorougbuglotod them

have been conducted to allow us to determine with complete certainty that the species does not occur
in the park.

Because of the relatively low mobility of amphibians compared to other vertebrates, all species found
in MORA complete all aspés of their life history within the p&r There arel species (Table 39

that have relatively limited distributions within MORA, with the majority of their distributions

outside of the park. No species present in MORA is endemic to the park. Withingratk tr

information for species is currently not available, although some monitoring of pond breeding
species is ongoiny park staff and NCCNwith the potential of providing trend information at very

long time intervals (decades).

Aquatic breeding amphibianventories have been thoroughd pnd (19962003) and stream

(1996 1999) inventories with good spatial coverage have been compleatk staff and the

USGS Nearly all lentic habitats have been surveyed for amphibians and a large number of streams

have been sampled. Terrestrial surveys have been completed, including some targeted at the rare Van
Dykeds and Larch Mountain Sal amaassoaatedwith NERAR se s u
compliance projects that are in developed areas (e.g., rogdsailegles, locations where stream

alteration have been proposed), which limits the information available concerning the distributions of
terrestrial species.

A large portion of the amphibian locality data (20 databases spanning2D@%} have been
aggegated in a single database (NCCN amphibian database.mdb) and@apah et al. 2005)
The report has dot maps for all species and all parks in the network.
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The main species for which there is some concern regarding their conservation status aes Cascad
Frogs and Western Toads. The concern for these species is due to declines in other parts of their
range rather than any information that they are declining in MORA. However, only 13 breeding sites
for these2 speciedave been documented in the parks€2ales Frogare fairly widespread in the
Klamath Mountains of northern California, but extremely rare irGhkforniasouthern Cascades. In

the southern Cascades, 11 populations are known to occur on private aodvetddands, and the
species has lea extirpated fornbassen Volcanic National Pa(Rope et al. 2014)here is weak
evidence of declines in the Oregon Cascades. No information is available for Washington. Western
Toads have declined severely in Colorado. There is weak evidence of deelastern Oregon and

in the Oregon Cascades. No information is available for Washington. There is also reason for
concern about the conservation status of Van Dy
Salamanders due to their limited distribusanside and outside of the park. Because of potential
declines or limited range, thedepecies might be a higher priority for monitoring.

4.13.5 Emerging Issues

Activities associated with the construction and maintenance of roads anthatdsuld @srupt or
destroy habitaare probably the most obvious threat to certain amphibians. Some of the best known
habitat for Van Dykes and Larch Mountain salamanders is within meters of roads. Other threats to
consider are aerial deposition of contaminantsptluced species, and disease transmission. There
are several emerging diseases that have been associated with die offs of amphibians including
chytridiomycosis (see belowRanavirus, and a disease associated with a perkdiksi®rganism

(such as protozoans in the geeskensiy Salmonids have been widely introduced to formerly
fishless mountain lakes and are thought to reduce or displace some species of an{plma@ms

2005). Species of amphibian that rely on permanent lakes seem patrticularly vulnerable. Western
Toads and Rougbkkinned Newts are exceptions that seem to coexist well with fish.

Worldwide amphibian declines are thought to be driven by multiple factorsx&mpée, Blaustein

and Wake (1995) hypothesized that exposure to ultraviolet (UV) radiation might be an important
contributor to the decline of amphibian populations. Results of several recent field and laboratory
studies (Palen et al. 2002, 20C&lfee etl. 2010), however, indicate that aquatic breeding
amphibians in the Cascade Range of the Pacific Northwest are likely minimally affected by exposure
to UV radiation due, in part, to the physical and chemical characteristics of the habitats they occupy.
The more enigmatic declines in amphibian populations observed in protected areas (e.g., MORA)
seem to be better explained by a disease called chytridiomycosis, and perhaps by interactions
between this disease and climate or contaminants. Chytridiomyceoaisssed by the fungal pathogen
Batrachodwytrium dendrobatidigBd). This species was discovered in 1998ngcore et al. 1999)

and is the only chytrid known to specialize on amphibians, killing amphibians by dehydration.
Susceptibility is highly variablera not well understood. Peptides produced by immune response and
by bacteria that live on the skin of amphibians play a role in resistance. Environmental factors like
temperature also play a role. The pathogen is present in mamppseding populationsithe

Pacific Northwest without clear effect. The pathogen may be havirdelesl effects that are not as
obvious as the waves of decline and extinction seen in other parts of the world; or declines in the
Pacific Northwest may have already occurred aechaw have relatively resistant populations. It is
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also possible that severe declines occur during particular environmental conditions that happen
intermittently. We also need to consider that the pathogen may not be a problem for species present
in or ocawpyingcertain locations and habitats.

4.13.6 Information and Data Needsi Gaps

Long-term monitoring oWestern Dad breeding sites is conducted through@RA Citizen

Science progranB( Samora, unpubtlata). Amphibians inhabiting tt&lakes being monited as

part of the NCCN mountain lak@sonitoring progranshould continue and expand if additional

funds become available. The focus of additional monitoring should be on sensitive habitats such as
wetlands and shallow ponds where alterations as a reglitnaite change are expected.

Amphibian data should continue to be entered into the existing parkwide database. Associated habitat
data should be entered into a single database. Park data should be periodically published as Natural
Resources Data Seriepeets to facilitate access by scientists.

Addi tional surveys for Van Dghowdbescorducddt@ar c h Mo u
their cryptic nature and limited distribution within the park.

Additional inventory work targeting the genDgcamptodormight be useful to differentiate Coastal

Giant Salamander®(tenebrosuys f r om Co p e 60 coeh Thasmspackearediffiult

to identify, and because much of the stream amphibian work occurred prior to the discovery of
Copeods Sa lhapak,ntdas assumed that digamptodorobserved in MORA were

Coastal Giant Salamanders. Random samples using genetic analyses could help confirm the

distribution of the2 species within the park. MORA represents the northern most localities in the
Cscade Range for Copeds Salamanders, Van Dykeos
Salamanders.

Finally, unexplained dieffs of amphibians such as observed at Crystal Lake will require additional
investigation to determine the cause of these apparent epdexdines.
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4.14 Fish Species in Streams and Lakes
(Robert L. Hoffman, USGS FRESC)

4.14.1 Introduction

Fourteerfish species have been confirmed as present in Mount Rainier National Park (MORA)
streams and lakes (Tabig). These species inclu@esculpins (Cottidag)l stickleback
(Gasterosteidaegnd 11 salmonids (Salmonidae). Many species are native to peaknstrhowever,

all fish in park lakes have been introduced. Two species, Yellowstone Cutthroat Trout
(Oncorhynchus clarkii bouvierand EasterBrook Trout Salvelinus fontinalls have been

introduced to the park from outside of their native ranges. 3dgst Cutthroat Trougncorhynchus

clarkii lewisi) is a native Washington State species, but was introduced to MORA streams and lakes.
In addition, Threespine Sticklebacksgsterosteus aculeafuaererecently discovered at Deadwood
Lake whereheyhave been introduced.

Several species have been identified as species of special conservation or management concern at the
federal and state levels (Taldlg, Table42). Bull Trout Salvelinus confluentiisChinook Salmon
(Oncorhynchus tshawytsch&oho SalmorfOncorhynchus kisutghSockeye Salmon

(Oncorhynchus nerRaand Steelheadncorhynchus mykisfiave all been identified as threatened

or endangered, at least partially within their ranges, by the US Fish and Wildlife Service, and as state
candidates o$pecial concern by the Washington Department of Fish and Wildlife (#dple

Potential threats for these species include habitat modification and degrédaspbarriers to

upstream passage (e.g., dams, culverts), competition with introduced fistsspead hybridization

(Table42).

According to unpublished park records, the first officially recorded stocking of MORA streams and
lakes occurred in 1915. In that year, 2500 Cutthroat Trout (subspecies not identified) and 1500
Eastern Brook Trout were stiked into Chenuis and Ipsut Creeks, respectively; and 5000 Cutthroat
Trout were stocked into Mowich Lake. Between 1951 and 1964dlmonid species were stocked

into 39 MORA streams (MORA, unpubl. data). O@anillion fish were stocked during this 50

period (Tablet3). The sam& salmonid species were also stocked into at least 40 park lakes between
1915 and 1972 (MORA, unpubl. data). Ogenillion fish were stocked (TabK3). Stocking was
discontinued at MORA after 1972.
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Table 41. Distributions, occurrences, habitation, and status of fish species confirmed to be present in Mount Rainier National Park. (I = Introduced

nonnative; In = Introduced native; M = Migratory; N= Native; NA = Not applicable).

Range-wide Park Conservation Status °
Scientific Name Common Name Distribution 3 Occurrence Habitation Range-wide Washington
Cottus asper Prickly Sculpin QCK: CA, OR, WA, AB, Lake In N4 7 N5 S5
Cottus confusus Shorthead Sculpin ID, NV, OR, WA, BC Streams N N2 7T N3 S5
Cottidae (species unknown) Sculpin NA Streams, Lakes NA NA NA
Gasterosteus aculeatus Threespine Stickleback USA (17); Canada (13) Lake In N5 S5
bo;'lf\f’i::?’?‘:h“s clarki Yellowstone Cutthroat Trout ID, MT, NM, NV, UT, WY Stream | N2 Rare
Oncorhynchus clarkii clarkii Coastal Cutthroat Trout AK, CA, OR, WA, BC Streams, Lakes® N, In N3 71 N4 SNR
Oncorhynchus clarkii lewisi Westslope Cutthroat Trout (WCT) \(/i/?( l,lb:\)B MBTé OR, WA, Streams, Lakes In, In N3 SNR
Oncorhynchus mykiss Rainbow Trout (RBT) i Steelhead USA (48); Canada (12) Streams, Lakes N [M], In N5 S5
Oncorhynchus hybrids (Trout) RBT x WCT NA Streams NA NA NA

. AK, CA, MI, NY, OR, PA,

Oncorhynchus gorbuscha Pink Salmon WA, WI, BC, ON, QC Streams N [M] N5 S2
Oncorhynchus kisutch Coho Salmon USA (22); Canada (6) Streams N [M] N4 S3
Oncorhynchus nerka Sockeye Salmon - Kokanee USA (18); Canada (6) Streams, Lake N [M], In N4 S27 S3
Oncorhynchus tshawytscha Chinook Salmon USA (16); Canada (4) Streams N [M] N4 S371 S4

CA, CO, ID, MT, NV,
Prosopium williamsoni Mountain Whitefish OR, UT, WA, WY, AB, Streams N N5 S5

BC, NT, YT

. AK, CA, ID, MT, NV, OR
l l ’ l il il f)

Salvelinus confluentus Bull Trout WA, AB, BC, NT, YT Streams N [M?] N4 S3
Salvelinus fontinalis Eastern Brook Trout USA (42); Canada (13)  Streams, Lakes | N5 SNA

1According to Wydoski and Whitney (2003), this subspecies was extensively stocked as early as 1895; howsspaciaspsegeite theasce beyond its native range.
2Represents the subspeCiaastal Rainbow Tr@rdorhynchus mykiss irldékmumbia Redband T@oc¢rhynchus mykiss gaijdaed Steelhead (the anadromous form of both

subspecies).

3Number of States and Provinces are in parentheses.
4Many of the stocking recordaufitinroat Trout do not identify the subspecies stocked, so it is possible that this subspecies may have heen swakedén lages i n t

history.

5N: national rank; S: subnational rank; 2: imperiled; 3: vulnerabliy 4eappgrénsecure; NA: not applicable; NR: unranked (from NarureServefaogess2dln)ly
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Table 42. Mount Rainier National Park fish species information: Management status and threats.

Management Status1

Species US ESA COSEWIC WA Major Threats (NatureServe)

Prickly Sculpin None None None No known threats i Introduced in MORA lake

Shorthead Sculpin None SC None Coal mining in southeastern BC; otherwise none

Yellowstone Cutthroat Trout None None None Habitat degradation; pollution; siltation; movement barriers; genetic introgression i
Introduced in MORA stream

Coastal Cutthroat Trout PS None None Habitat degradation; overfishing; dam passage; introduction of hatchery stock
Introduced in MORA lakes

Westslope Cutthroat Trout None SC None Hybridization; habitat degradation and loss; fishing pressure; competition with
introduced fish species i Introduced in MORA streams and lakes

Rainbow Trout i Steelhead PS(FT) C C Habitat degradation; competition with introduced fish species; siltation; water flow
T Introduced in MORA lakes

Pink Salmon None C None Habitat degradation and loss; water flow; overharvest

Coho Salmon PS(FT) C None Habitat degradation and loss; water temperature; poor ocean conditions; genetic
effects-hatchery stock

Sockeye Salmon-Kokanee PS(FT,FE) C C Dams; overharvest; habitat modification and degradation i Introduced in MORA
lake

Chinook Salmon PS(FT,FE) C C Resource extraction activities; dams; habitat modification and degradation

Mountain Whitefish None None None No known threats

Bull Trout PS(FT) None C Hybridization; competition with introduced fish species; siltation; habitat
fragmentation and degradation

Eastern Brook Trout None PS None In eastern USA: habitat degradation and loss; competition with introduced fish
species 1 Introduced in MORA streams and lakes

Threespine Stickleback PS None None No major range-wide threats; Introduced in MORA lake

'C: Candidate; FE: Federal Endangered; FT: Federal threatened; PS: Partial Status in range; SC: Special Concern; WA: Washington.



Table 43. Number of fish/species stocked in MORA streams (19151 1964) and lakes (19151 1972).

Species Streams Lakes
Cutthroat Trout 316,597 641,738
Westslope Cutthroat Trout 1,667,364 1,430,947
Rainbow Trout 254,039 1,925,568
Steelhead 50,000 491,600
Steelhead eggs 15,000 0
Eastern Brook Trout 749,200 1,586,060
Total 3,052,200 6,075,913

4.14.2 Approach

Several sources of information and data were used to complete the assessment of fish in MORA
streams and lakes. Summaries of ramige distributions, conservation and management status, and
potential major threats to the 13 fish species present in MORArss and lakes were derived from
information available on the NatureServe website (http://www.natureserve.org/); with additional
information from Wydoski and Whitney (2003) and the Washington Department of Fish and Wildlife
(WDFW; http://wdfw.wa.gov/conseation/endangeredfttp://wdfw.wa.gov/conservation/
endangered/esal/federally_listed_esa_fish.pdf). The MORA Stocking Records MS Excel spreadsheet
was used for summarizing park stocking activities. The presence and occurrence of fish species in
MORA streans was summarized from inventory information reported by Samora et al. (2013). The
MORA unpublished data weresed to report the presence and occurrence of fish species in MORA
lakes. Native char surveys conducted during the summer of 2000 (Samora as@®0kwere

used to describe the presence of Bull Trout in MORA. The presence of potential fish diseases was
assessed based on National Wild Fish Health Survey case reports completed.ByFishdnd

Wildlife Service (USFWS) at the Olympia (Washingtdiish Health Center laboratory in 2007.

4.14.3 Reference Conditions and Comparison Metrics

Each of the fish species documented as pras&®RA have attributed to them both conservation

and management status designations (T4hldable42). Thesadesignations or listings can be used

to indirectly attribute some level of conservation or management importance to the presence of these
species in MORA stream and river habitats. The designations or listings for each species were
gathered from several ses including NatureServe (National and Subnational), US ESA Listing
(Federal; NatureServe), and the Washington State Species of Concern List available from the
WDFW.

4.14.4 Results and Assessment

Streams and Rivers

There are approximately 470 mapped streams and rivers in MORA. Samora et al. (2013) reported the
results of an inventory of a subset of these streams and rivers comprising 148 surveys of 138 stream
segments i river watersheds (Carbon, Cowlitz, HuckletyeMowich, Nisqually, Ohanapecosh,
Puyallup, and White) 2001 through 2003. Gradients of the segments range®4ron33% with

fish primarily present in segments with gradients <10%. The survey results identified trout (species
not differentiated) as beg present in the greatest number of stream segments and the most abundant
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(Table 4), followed by cutthroat trout (subspecies not identified), unidentified sculpin (including
Shorthead Sculpin), and Eastern Brook Trout. Four anadromous salmonid spbkitiesKGalmon,

Coho Salmon, Pink Salmon, and Sockeye Salmon) are also known to be present in some MORA
watersheds, due, in part, to improved downstream access to streams and rivers originating within the
park. There were no fish present in 27 stream setgnseinveyed.

Table 44. Results of fish surveys in MORA streams and lakes conducted 20017 2003 (Samora et al.
2013). Stream data are for individuals >100 mm total length.

Streams Lakes
Taxon Segments Individuals Number
Brook Trout 14 130 9
Bull Trout 7 15
Chinook Salmon 1 3
Cutthroat Trout (subspecies not identified) 47 453 3
Kokanee 1
Prickly Sculpin 1
Rainbow Trout 7 56 13
Shorthead Sculpin 11 57
Trout (species not differentiated) 55 700
Unidentified Char species 4 5
Unidentified Salmonids (Trout or Salmon) 16 75
Unidentified Sculpin species 11 189 1

Tissue samples were collected from 43 trout captured during the 2001 through 2003 surveys. Most of
the samples were collected from the Ohanapecosh watershed @lblectuse at leaBtcutthroat

trout subspecies and hybrids were thought to be present (Samora eBplDRA analysis

determined that 22 individuals were Westslope Cutthroat Trout, 11 were Coastal Cutthroat Trout
(Oncorhynchus clarkii clark)i 9 wereRainbow TrouitWestslope Cutthroat Trout hybrids, ahd

individual was a Yellowstone Cutthroat Trout collected from an atweaterfall population irl

stream in the Ohanapecosh watershed. The Yellowstone Cutthroat Trout is of particular interest
because diiough this subspecies was widely stocked in Washington as early as 1895, it is presently
extremely rare in the state and scarce outside of its native range (Wydoski and Whitney 2003; Table
41).

Fin clips were also collected from 11 chaBistreams in th€arbon and White River watersheds

during the 2001 through 2003 surveys to help determine the species of native char (Bull Trout or
Dolly Varden Balvelinus malmia present in these streams. DNA analysis determined that 10
individuals were Bull Trout andl individual was an Eastern Brook Trout. No Dolly Varden were
identified as part of this analysis. Bull Trout were also observed in a segment of the Paradise River in
the Nisqually watershed; and during a native char survey conducted in 2000 (Samorakand Mar
2000), 22 Bull Trout were observed9rstreams of the Mowich, West Fork, and White watersheds.
Subsequent surveys from 20through 2013 have documented Bulbdt in several streams in these
watersheds and in the Carbon watershed.
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Lakes

All fish species present in MORA lakes were originally stocked, and the populations that remain in
37 of the lakes after stocking was discontinued after 1972 represent populations that were able to
establish some level of natural reproduction. Five salthspeécies were predominantly stocked
including cutthroat trout (subspecies not identified), Westslope Cutthroat Trout, Rainboiv Trout
Steelhead, and Eastern Brook Trout (Tatde In addition, Kokanee were stocked into Mowich

Lake in 1961 (Larson et al. @), and sculpin were introduced into Mowich Lake (species not
determined) and Lake George (Prickly Sculpin), most likely as baitRisbently Threespine
Stickleback vereintroduced into Deadwood Lake.

Fish Disease

In 2007, 59 fish (58 cutthroatout and 1 Eastern Brook Trout) were collected fré&MORA streams
(Ohanapecosh Riven,= 6; Paradise Riven = 43; Panther Creek,= 10) for fish disease analysis at
the USFWS Olympia Fish Health Center. Ohlgutthroattout was found to be infected withet
kidney disease bacteriuRenibacterium salmoninarumhich is a gram positive intracellular
bacterium that causes Bacterial Kidney Disease (BKD) in salmodiusofhynchusSalmq and
Salvelinu3. BKD is a chronic disease that can cause mortality iarji& fish and prespawning
adults. Pacific salmon species appear to be most susceptible to the disease.

Assessment

Bull Troutt Bull Trout arel of 2 char species (the other being Dolly Varden) native to the western
US. They can be either resident or migrg, and have relatively narrow habitat requirements

including cold water temperature; pristine water quality; clean stream substrates for spawning and
rearing; complex habitat structure; and high connectivity of movement corridors. During the 2001
through 2003 surveys (Samora et al. 2013), only a small number of individual$g) were

observed ir¥ stream segments BIMORA watersheds. This low number of observations occurred it
was hypothesized, because Bull Trout vary their use of MORA stream baggstonally, and that

the pattern of use may not have coincided with the scheduled sampling visits of survey crews. It is
believed that the 2001 through 2003 survey results do not realistically represent the actual presence
of Bull Trout in MORA streamsral rivers. The Bull Trout distinct population segments (DPS) in
Washington are federally listed as threatened, and the species is listed as vulnerable at the state level
(as itis in Oregon). Bull Trout are listed as imperiled in Montariically imperiled in Nevada, and
presumed extirpated in California. Because of the threatened and imperiled status of Bull Trout, the
relatively pristine streams and rivers of MORA may serve as important habitat refugia for sustaining
populations of this increasjly challenged specieldowever, the presence of Eastern Brook Trout

and their capacity to hybridize with Bull Trout as well potentiallcmtnpete them for habitat and
resources, remains an important concern associated with Bull Trout management at MORA

Cutthroat Trout According to results of the 2001 through 2003 surveyshroattrout are the
predominant trout species in MORA streams and rivers (Samora et al. 2013). Ttisalzspecies
present in the park: Yellowstone Cutthroat Trout, Weststoyi¢hroat Trout, and Coastal Cutthroat
Trout. One population of introduced Yellowstone Cutthroat Trout has been documehizatkn
stream. This is a rare and unique population outside of its native range. The Westslope Cutthroat
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Trout, although native tparts of Washington, were introduced into MORA streams and lakes. This
subspecies has been shown to readily hybridize with Rainbow Trout, which is considered detrimental
to Westslope Cutthroat Trout by causing a marked reduction in fitness and repeductiess

(Muhlfeld et al. 2009). Coastal Cutthroat Trout are present in all park watersheds except the Cowlitz,
and no hybrids have been documented. Because this subspecies has diverse and complex life history
attributes (i.e., migratory and resident lif@ms), there has been some concern f@tmore of

these attributes might decline or be lost due, in part, to homased environmental change. At

present, Coastal Cutthroat Trout have a partial status listing as a Species of Concern in California and
Oregon. However, after reviews in 1999, 2002, and 2010, the USFWS has determined that Coastal
Cutthroat Trout, at present, do not warrant listing in Washington under.$h&hélangered Species

Act (US ESA). Even so, if this subspecies were to begindetirtue) to experience declines within

its native range, MORA streams and rivers would most likely be relatively undisturbed refuges for
resident populations.

Eastern Brook Troltit Brook Trout are native to a wide area of eastern North America and have been
extensively stocked outside of their native range, including many MORA streams and lakes. Brook
Trout are a very successful nonnative species in the west8rrabld are known to displace and
hybridize with native salmonid species (Krueger and May 199i¢. dominant concern in streams is
the potential hybridization of Brook Trout and Bull Trout. During the 2001 through 2003 MORA
surveys, however, no Brook Tré&ull Trout hybids were observed or identified using genetic
analysis (Samora et al. 2013)trbduced Brook Trout also have the potential of disrupting lake food
webs and affecting or eliminating native amphibian species that use mountain lakes for reproduction
and larval rearing. For example, Larson and Hoffman (2002) documented that the aésimdanc

native Northwestern Salamandefsr(bystoma gracilein MORA lakes with introduced Brook Trout
were significantly lower than in lakes without fish, and Hoffman et al. (2004) found that
Northwestern Salamanders also altered their behavior in respotigedresence of fish, affecting

their diel pattern of activity and reproductive effort. Brook Trout have no conservation status in
Washington because they are an introduced species.

Mountain Whitefish Although Mountain Whitefish were not observed during 2001 through
2003 surveys, they have been documented as being present in the Carbon River within the park
boundary (Wildman 1989).This species is presently identified as secure in Washington State.

Rainbow TroutSteelheadl Rainbow Trout and Steelheade the same species of fish exhibiting
different life history forms. Rainbow Trout are ranadromous and Steelhead are anadromous. Both
forms are present in MORA streams and rivers. Only a small number of Rainbow Trout were
observed during the 2001 thiglu2003 surveys, but this may be due, in part, to the small size (<100
mm TL) of many of the trout observed, making them hard to identify to species, especially during
snorkel surveys. Nehybrid Rainbow Trout were present in the Cowlitz, Huckleberry \&hde
watersheds, although these individuals were not differentiated as to whether they were of native or
hatchery stock. Rainbow TradWest Slope Cutthroat Trout hybrids were present in the Nisqually
and Ohanapecosh watersheds. The conservation std&asmbdow Trout is identified as secure by
NatureServe and Washington State.
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Steelhead are thought to be present in the Carbon, Mowich, West Fork, and White watersheds;
however, this life form has not recently been distinctly identified from theanadronous life form

in the park. The Muckleshoot Tribe and WDFW (1993) have reported that in past years Steelhead
redds and spawning were observed in the Carbon and White watersheds. There are no barriers to
Steelhead movement in the Carbon River of the Carladarghed, but Steelhead are transported
around2 dams that block their passage to streams and rivers 8fatier watersheds. Five @f
Steelhead DPS present in Washington are listed as threatened under the US ESA. The Steelhead
being transported abovieet2 dams belong td of the5 DPS (Puget Sound). Because of their overall
threatened status in Washington, MORA Steelhead populations could be important contributors to
the future status of this anadromous life form in the state.

Salmoi MORA streamsandi vers are included as fiessenti al f
MagnusonStevens Act, for Chinook, Coho, and Pink Salmon.

Spring Chinook Salmon have been documented as present in the White watersheepavkh in

individuals typically <100 mm Tl(Samora et al. 2013). Adult Chinook Salmon are transported

upstream of the Mud Mountain Dam, and the White River in MORA is spawning and rearing habitat

for this species. It is also possible that Puyallup River fall Chinook Salmon are present in the park,

but this has not been documented. Ther8&eéh i nook Sal mon fAevolutionari/
(ESUs) in Washington. Of thesgare federally listed as threatened (including the Puget Sound and

Lower Columbia ESUs) antlis listed as endangered.

Coho Sanon have been documented as present in the Carbon and White Rivers and their tributaries,
although none were observed or collected during the 2001 through 2003 surveys (Samora et al.
2013). These MORA streams and rivers are used as spawning and reaitatgolgahis species.

There arel Coho Salmon ESUs in Washington: the Lower Columbia River ESU is federally listed as
threatened; the Puget Sound/Strait of Georgia ESU is listed as a Species of Concern; the Southwest
Washington ESU is undetermined; andiig of the Olympic Peninsula ESU is considered to be not
warranted.

Although not historically considered to be present in MORA streams and rivers, Pink Salmon have
been increasingly observed in the park (White watershed) since 2006 (Samora et al.ik@13). L
Chinook and Coho Salmon, Pink Salmon adults are transported upstream of the Mud Mountain Dam.
Listing for both Pink Salmon ESUs in Washington is considered not warranted.

Anadromous Sockeye Salmon were not observed or collected during the 2001 2008gurveys,

and this life form does not appear to typically use park streams or rivers for spawning or rearing
(Samora et al. 2013); although they have been documented as present in the White River drainage on
a few occasions. Kokanee (ranadromous Séeye Salmon) have been stocked in Mowich Lake
(Mowich watershed), and that population continues to reproduce and survive in the lake.

Sculpin Bculpin were observed in the Carbon, Cowlitz, Huckleberry, Nisqually, and White
watersheds during the 2001 thrau@003 surveys (Samora et al. 2013). The only species identified
was the Shorthead Sculpin based on genetic analysis by WDFW. Sculpin, however, are relatively
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difficult to identify to species, especially when observed during snorkel surveys, and so the

possibility remains that additional species (e.g., Mottled Sculpotius bairdj Paiute Sculpin,

Cottus beldingiReticulate SculpinCottus perplexysRiffle Sculpin,Cottus gulosusand Torrent
Sculpin,Cottus rhotheusmay be present in park streams amdrs. Wydoski and Whitney (2003),

however, indicate that the known distributions of these additional sculpin species may exclude them
from being present in MORA. Introduced Prickly Sculpin are documented as being present in Lake
George, and an unidengfi species is known to be present in Mowich Lake. According to

NatureServe, the national conservation status for the Shorthead Sculpin is Vulnerable, primarily
because of the species6 Critically | mpelpinl ed I
is identified as Secure.

Threespinestickleback Threespine Stickleback have recently been introduced into Deadwood

Lake. It is widely distributed throughout The United States and CaAadarding to NatureServe,
theglobal,national and subnationalonservation status forithspecies is Secure. However, because

of its introduced status in Deadwood Lake, this species should be considered an exotic species whose
short and longtermeffectson this lake ecosystem is presently unknown.

4.14.5 Emerging Issues

There arel basic issues that have the potential of affecting the continued viability and survival of
native and nonnative fish species and populations in MORA streams, rivers, and lakes. They include:
(1) habitat alteration due to changing climaspecially decreasing water availability and increasing

air and water temperatures; (2) loss of habitat and stream corridor passage and connectivity due to
human activities in and near the park; (3) atmospheric deposition with an increase in the
concentations of nutrients and pollutants in park watersheds; and (4) continued presence or future
introduction of nonnative fish speciesspecially the potential for hybridization of Eastern Brook

Trout with Bull Trout, and decline or loss bbr more native @phibian species. Future survey and
research activities should include a design element useful for tracking and documenting any impacts
to MORA fish species and populations due to these potential environmeentstem changes and
perturbations.

4.14.6 Information and Data Needsi Gaps

MORA has created a useful baseline database for fish species occurrence and distribution in park
streams, rivers, and lakes (e.g., Samora et al., B#88ora and Marks 20p08amora et al. 2013).

The park should continue to@and the scope of the database by surveying additional park streams,
rivers, and lakes; by conducting focussdveys of potentially sensitive species, such as Bull Trout
and anadromous salmon; and initiating surveys for detecting species for which oz amd
distribution are relatively unknown, such as Mountain Whitefish. Also useful would be surveys
designed to identify species potentially present in the park but not confirmed, such as lamprey
(Lampetraspp.) and dacdrhinicthysspp). Continued gertee analysis of Bull Trout tissue would be
useful for confirming the absence (or presence) of Dolly Varden in park streams and rivers, as well
as identifying any potential hybridization between Bull Trout and Eastern Brook Trout. Genetic
analysis of Rainbe Trout and Westslope Cutthroat Trout will further document the extent of
hybridization between thegespecies, and analysis of Rainbow Trout tissue can help elucidate the
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