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Executive Summary

NaturalResource Condition Assessments (NRCAS) evaluate current conditions for a subset of
natural resources and resource indicators in national parks. NRCAs also report on trends in resource
condition (when possible), identify critical data gaps, and charactegeeeral level of confidence

for study findings. The resources and indicator
resource setting, status of resource stewardship planning and science in identifyipigdnityh

indicators, and availabill of data and expertise to assess current conditions for a variety of potential
study resources and indicators. Although the primary objective of NRCAs is to report on current
conditions relative to logical forms of reference conditions and values, NBISAseport on trends,

when appropriate (i.e., when the underlying data and methods support such reporting), as well as
influences on resource conditions. These influences may include past activities or conditions that
provide a helpful context for undeasiding current conditions and preseal threats and stressors

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

North Cascades National Park, Ross Lake National Recreation Area, and Lake Chelan Recreation
Area were established by Congress968 (82 Stat. 926), and signed into law by President Lyndon

B. Johnson, 2 October 1968, to be administered as the North Cascades National Park Service
Complex (NOCA). In 1988, Congress established the Stephen Mather Wilderness within NOCA, and
in 2012 theSecretary of the Interior designated an additional 3550 ac of NOCA as wilderness.

NOCA is located in the North Cascade physiographic province in northwestern Washington. It is
bounded on the west, south, and east by 1.9 million ha (4.7 million ac) ohaldfiorest lands, of
which 763,890 ha (1.9 million ac) are designated wilderness. Most of these wilderness areas are
contiguous to the Stephen Mather Wilderness. The NOCA northern boundary is the international
boundary with the Canadian province of BritSblumbia. Provincial forest lands and a recreation
area are adjacent to the boundary in British Columbia; a provincial park is just to the east. NOCA
spans the Cascade crest, placing within its bourlargjor biogeographic zones: temperate marine
and seni-arid continental. The climatic and biotic diversity are further increased by a transitional
zone, roughly the lower elevations of the Ross Lake drainage. The third zone is created by an
orographic divide west of the crest. Vegetal and climatic charstaterwithin this zone are
intermediate between the mild, wet conditions typical of the west side and tharggoonditions
typical of the east side of the Complex.

NOCA is characterized by deep, forested valleys between high, glaciated mountaii pedésal
topographic relief is 2682 m (8800 ft), with the lowest point being 122 m (400 ft) along the Skagit
River and the highest elevations occurring on several mountain peaks over 2743 m (9000 ft). NOCA
contains 316 glaciers, more than all of the otraional parks within the conterminous states

combined. From the glaciers, permanent snowfields, and 530 lakes flow approximately 6500 km
(4039 mi) of rivers and streams (excluding intermittent streams, which may increase the total to over
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10,000 km [624 mi]). Several major rivers are present in NOCA: (1) the Chilliwack River flows

into the Fraser River; (2) the Nooksack River flows to the Pacific Ocean at Bellingham Bay; (3) the
Skagit River flows from its headwaters in British Columbia through NOCAstite largest

watershed flowing into Puget Sound; (4) the Baker River flows into the Skagit River; and (5) the
Stehekin River flows into Lake Chelan whose water is released through the Lake Chelan Powerhouse
into the Columbia River.

A Natural Resource @hdition Assessment Workshop was convened in 2010. The multiple purpose

of this 2day workshop was to review and brainstorm the natural resources of NOCA, to identify and
prioritize key indicators of the dewlopkaplanfanat ur al
creating and completing an assessment of the conditions of the natural resources. Following the
scoping workshop, all available data, reports, and references pertinent to each of 11 general natural
resource categories identified duritng workshop were collected from NOCA staff. This

information was uploaded to a USG8arePoinsite and made available to all participants in this
assessment. Individuals responsible for completing an assessment reviewed available resource
specific 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) pdiasthenpublished reports

that already analyzed, evaluated, and summarized the status and trends of a particular resource; (4)
executive summaries and annual resource status reports; and (5) assorted administrative reports,
summaries, and checklists of passource program activities. Resource assessors also determined

how the condition of a resource could best 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 categories were
identified for inclusion in this report.

A total of 14focal NOCA natural resources were assessed as a part of this NRCA (see Table 3,
Chapter 3). A detld discussion of each resource, presented in Chapter 4, includes: (1) Introduction;
(2) Approach (methods used to complete assessment); (3) Reference Conditions and Comparison
Metrics (used to determine resource condition); (4) Results and AssessmEnmg(@)ng Issues; (6)
Information and Data NeedGaps; and (7) Literature Cite@ihe introduction subsection introduces a
specific resource by providing background information about the resource, places the resource in the
context of its importance to thmark, and summarizes the primary objectives of the resapesfic
assessment. The approach subsection outlines the methods used to conduct the assessment. The
reference and comparison metrics subsection summarizes the conditions and metrics used to make
determination as to the overall condition of the resource. The results and assessment subsection
presents details of the outcome of the analysis of resepemfic data used to complete the

assessment, and the overall condition assessment of thecee3te 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 hat could be useful for 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
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reasonably thorough review of available information (e.qg.,, ¢htialications, and reports) generated
by park staff, and by research and monitoring cooperators.

Overall, 85% (17 of 20) of the natural resource categories for which disturleset@nd condition
could be assessed were identified as having some docarsghs of moderate to significant
change and degradation; afdf these categories were estimated to have been seriously to
significantly disturbed (see Table 58, Chapter 6). These resources included: (1) AiriQiitatigen
and Sulfur Deposition; (2)ir Qualityi Persistent Bioaccumulative Toxics; (3) Forest Héalth
Disturbance Regime; (4) Forest HealVhitebark Pine and White Pine Blister Rust; (5)
Biodiversityf Exotic Plants; and (6) Glaciers. Five resources (Biodivéndigtlands, Mammalian
Fauna, Mamalian Carnivores, Hoary Marmd#&merican Pika, and Bats) did not have sufficient
data for estimating or predicting relative level of disturbance and condition.

Although only6 resource categories were assessed as being seriously to significantly disturbed
many, if not all, of the NOCA resources are also susceptible to increased levels of disturbance and
change due to anthropogenicafjgnerated perturbation, especially climate change. Projections of
future climate change, though limited by the low regoiubf global climate models, are consistent

with the trends indicated by the following observations. These show a continued warming trend that
exceeds the range of historical variability by mghtury, and no clear trend in precipitation.

Seasonally, pections indicate greater warming in summer than in winter, and a slight tendency
toward drier summers and wetter winters. These changes in temperature and precipitation regime
have important implications for water stress and ecosystem health. For exdimgales change

continues to be a global, regional, and local threat to aquatic ecosystems, with the potential of leading
to chronically degraded water quality due to episodes of clindteced stress related to changes in
precipitation and temperaturegimes. NOCA lake and stream water quality, including native biota
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 orcairde

expected, although predictability of specific effects is currently low because of the complexity of
interacting factors. Changes in temperature and precipitation regimes are expected to cause changes
in distribution and structure of plant commuegithat 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 distributions. 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, and tundra communities and species will decline or disappear; and wetland
communities will also be vulnerable to climate change. Finally, N@@#, in the future, experience

an increase in the area burned by wildfires as a consequence of climate change. The fire season will
be longer, given that summer temperatures are expected to increase and snowpack levels decrease
with climate change.

Four fundamental threats that are now and will in the future affect the continued persistence and
viability of the natural resources and ecosystems of NOCA were identified. They are: (1) climate
change; (2) the continued atmospheric deposition of nutrients dathpts; (3) the presence and
emergence of pests and pathogens; and (4) introduction and range expansiofresitleannative
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and nonnative plant and animal species. These threats are discussed in Chapter 6. Additional threats
were also identified fospecific resources and they are identified and discussed in each resource
subsection in Chapter 4.

In this assessment report we include a chapter that evaluates the historical and possible future climate
of NOCA in the context of Pacific Northwest regibohmate. This evaluation suggests that although
there is some diversity of responses among-teng stations, minimum temperatures are increasing
sharply in NOCA. The trends are less evident for maximum temperature, a pattern which is
consistent with okervations elsewhere in the Pacific Northwest. All trends for temperature show a
tendency toward more warming in the recent record (1950 to present), particularly in summer.
Precipitation trends are essentially flat. Snowpack measurements show cleathimenads consistent
among stations, though not all stations show significant trends. Projections of future change, though
limited by the low resolution of global climate models, are consistent with the trends indicated by the
observations. These show antiaued warming trend that exceeds the range of historical variability

by mid-century, and no clear trend in precipitation. Seasonally, projections indicate greater warming
in summer than in winter, and a slight tendency toward drier summers and wetésswihese

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
strongly. Additional work is needed to assessntiegits of these approaches within NOCA and
understand what they imply for changes to the climate of the park.

An impressive amount of research, inventories and surveys, and monitoring of NOCA natural
resources have been conducted by NPS staff, as wall@sversity, state, and federal scientists,

and nonrprofit agency cooperators. This effort spans decades, and the results have been reported in
various types of reports and factsheets, presented at symposia and conferences, and published in
peerreviewedscientific journals. Much of this information has been reviewed and synthesized as a
part of this assessment. One of the objectives of the assessment was to identify future data needs that
could help park management plan for and focus future sampling, @fifal fill data gaps that would
complemena |l r eady gathered information and further
natural resources. A general summary of the data needs identified by this assessment is presented in
Table 59 (Chapter 6). A modetailed 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 T Air Resources Division

BBSi Breeding Bird Survey

BCR1 Bird Conservation Regions

BMI 1 Benthic Macroinvertebrate

CASTNETT Clean Air Status and Trends Network

CBCi Christmas Bd 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 Species Act

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 Plafimaly 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 Conservatidnitiative

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
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Acronyms (continued)

NRA'T National Recreation Area

NRCA' Natural Resource Condition Assessment
NRCSi Natural Resource Conservation Service
NSNSDi National Sounds and Night Sky Division
NTN 7 National TrenddNetwork

NVC i National \egetation Classification

NWI i National Wetlands Inventory

OLYM 1 Olympic National Park

PBT1 Persistent Bioaccumulative Toxics

PIF1 Partners in Flight

PNW!1 Pacific Northwest

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

RLN i 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
USFWSIi U.S. Fish and Wildlife Service

USGSi U.S. Geological Survey

USHCNI U.S. Historical Climatology Network

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

WFMI T Wildland Fire Management Information
WNHP1 Washington Natural Heritage Program
WRCCi Western Regional Climate Center

YELL 7 YellowstoneNational Pak

YOSET Yosemite National Park
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Chapter 1 NRCA Background Information

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

natur al resources and resource i ndNRCAsakooepst i n na
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 assessin
and reporting on park resource conditions. They are /9' \
meant to complemedtnot replacé traditional issue
and threabased resource assessments. As distinguishing Credible condition reporting

NRCAs Strive

characteristics, all NRCAs: for a subset of important park

 are multidisciplinary in scopg natural resources and

1 employ hierarchical indicator frameworks Indicators

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

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

(map) producté K /

summarize key findings by park areasd

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

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

2 Frameworks help guide amuttii sci pl i nary selection of indicators and
for measure$ conditions for indicatory condition summaries by broader topics and park areas

¥ NRCAs must consider ecologicalbased reference conditions, must also consider applicable legal and regulatory
standards, and can consider other managespattified condition objectives or targetgsich study indicator can be
evaluated against one or more types of logical reference condiRefesence values can be expressed in qualitative
to quantitative terms, as a single value or range of values; they represent desirable resource conditions or,
alternatively, condition states that we wish to avoid or that require a follosesponse (e.g., ecological thresholds

or management Atriggerso).

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

® In addition to reporting on indicatdevel conditions, investigators are asked to @kegger picture (more
holistic) view and summarize overall findings and provide suggestions to managers onlanaesbasis: 1) by
park ecosystem/habitat types or watersheds, and 2) for other park areas as requested.



Although the primary objectivef NRCAs is to report onurrent conditioss of select resources
relative tological forms ofreference conditions and values, NRCAs also report on tremgs
appropriate (i.e., whetiie underlying data and methods supgarh reporting), as well as influences
on resource conditias. These influences manclude past activities or conditions that provide a
helpful context for understanding current conditicersd/orpresentday threats and stressors that are
best interpreted at park, watershed, or landscape gtadegh NRCAs dmot report on condition
status for land areas and natural resources beyond park boundarégsive causandeffect
analyses of threats and stressargldevelopment of detailed treatment optica®outside the
scopeof NRCAs

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

The aedibility of NRCA results is deriveffom the data, methods, and reference values used in the
project work which aredesigned to bappropriate for the stated purpadehe project, as well as
adequately documentedor each study indicatdor which current condition or trend is reportede
identifiedcritical data gaps and describiaelevel of confidencen at least qualitative terms.
Involvement of park staff and National Park Service (NPS) subjatier experts at critical points
during the project timelineas also importantThese staff were askeddesiswith theselection of
study indicatorsrecommend data sets, methods, and reference conditions and valueshah
provide a multidisciplinary review of draft study findings and products.

about current park resource

NRCAs can yield new insights \
conditions butin many cases Important NRCA Success Factors

their greatest value may be the
development of useful
documentation regarding known

Obtaining good input from pargtaff and other NPS
subjectmatter experts at critical points in the projec

. timeline
or suspected resource conditions
within parks. Reporting products Using study frameworks that accommodate
can help park managers as they meaningful condition reporting at multiple levels
think about neaterm workload (measureg indicators/ broader resource topics
priorities, frame data and study and park areas)
needs formportant park
resources, and communicate Building credbility by clearly documenting the data
messages about current park and methods used, critical data gaps, and level of
resource conditions to various confidence for indicatetevel condition findings

audiences. A successful NRCA
delivers sciencbased information




that isbothcredibleandhas practical uses for a variety of park decisi@aking, plannig, and
partnership activities.

However, it is important to note thBRCAs do not establish management targets for study

indicators.That process must occur through park planning and management activities. What an

NRCA can do is delivesciencebased information thatill assistpark manageri theirongoing,

long-term efforsto describe and quantiggp ar k6 s desired resource condi t
targets. In the near term, NRCA findings assist strategic park resource planmdhglp parkgo

reporton government accountability measufda addition, althoughn-depth analysis dhe effects

of climate change on park natural resources is outsidectie of NRCAS, theondition analyses

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

efforts.

NRCAsalsoprovide a useful complement to rigorous NPS science support progachsas the

NPSNatural Resourcdsiventory& Monitoring (I&M) Program For example, NRCAs can provide

cumrent condition estimates and help establish reference condibiobaseline valuegor some of a
parkoés vital Si gns mo n drawvoupomorgNP$ datd o bedptevaluase. T hey
current conditions for those same vital signs. In some ci#ddsdata sets are incorporated into

NRCA analyses and reporting products.

Over the next several years, the NPS plans to fund a NRCA project for eaclapptbrimately
270 parks served by the NP&M ProgramFor more information on thdRCA program visit
http://nature.nps.gov/water/nrca/index.cfm

® An NRCA can be useful durinpte devel opment of a parkds Resource Stews
tailored to act as a peRSS project.

" While accountability reporting measures are subject to change, the spatial and rdfasstteondition data
provided by NRCAs willbesi s ef ul f or most forms of fAresource conditio
NPS, the Department of the Interior, or the Office of Management and Budget.

® The | &M program consists of 32 net wo rnomitoringartordertowi de t ha
assess the condition of park ecosystems and develop a stronger scientific basis for stewardship and management of
natur al resources across t hreashsdt of phgsicdl, cheraicgalkandshjoledical m. AvVi:

elements and processes of park ecosystems that are selected to represent the overall health or condition of park
resources, known or hypothesizdttets of stressors, or elements that have important human values.


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

/' NRCA Reporting Products\\

Provide a credible, snapshan-time evaluation for a subset of important
park natural resources and indicators, teelp 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 dediconditions for the
parkbés Afundamental 0 and Aot her i mportanto
(longer-term strategic planning)

Communicate succinct messages regarding current resource conditions to
government program managers, to Congress, and to theajgnblic
(Aresource condition statuso report
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Chapter 2 Introduction and Resource Setting

2.1 Introduction

2.1.1 Enabling Legislation and Organization
(part of this subsection adapted from the NO&ndation Statement 2006)

North Cascades National Park (505,000 ac; 204,366 ha), Ross Lake National Recreation Area
(117,000 ac; 47,348 ha), and Lake Chelan Recreation Area (62,000 ac; 25,090) were established by
Congress in 1968 (82 Stat. 926), and sigimo law by President Lyndon B. Johnson, 2 October

1968, to be administered as the North Cascades National Park Service Complex (NOCA). The

purpose of the enabling | egislation was to: feéep
and futuregenerations certain majestic mountain scenery, snowfields, glaciers, alpine meadows, and

ot her uniqgue natural features in the North Casc
Aféprovide for the public out ddoothe consecvatiensoftheon us e
scenic, scientific, historic, and other values contributing to public enjoyment of such lands and
waterséo In 1988, Congress established the Step

the Secretary of the Interior desgged an additional 3550 ac (1437 ha) of NOCA as wilderness
(present size 634,614 ac; 256,819 ha)

Combining3 distinct units under a single unique administration recognizes their shared purpose of
preserving the core of the greater North Cascades steosynd wilderness while also advancing
their individual purposes:

1. The purpose of North Cascades National Park is to preserve a dynamic wilderness landscape of
dramatic alpine scenery including a vast expanse of glaciated peaks, countless cascading creeks
and deep forested valleys for the benefit and inspiration of all.

2. The purpose of Ross Lake National Recreation Area is to complement North Cascades National
Park and conserve the scenic, natural, and cultural values of the Upper Skagit River Valley and
surounding wilderness, including the hydroelectric reservoirs and associated developments, for
outdoor recreation and education.

3. The purpose of Lake Chelan National Recreation Area is to complement North Cascades
National Park and conserve the scenic, rétamd cultural values of the Lower Stehekin Valley,
Lake Chelan and surrounding wilderness, while respecting the Stehekin community, for outdoor
recreation and education.

2.1.2 Background and Geographic Setting
(Adapted from NOCA Resource Management RIa89)

The North Cascades National Park Service Complex is located in the North Cascade physiographic
province in northwestern Washington (Figure 1). It is bounded on the west, south, and east by 1.9
million ha (4.7 million ac) of National Forest landswdiich 763,890 ha (1.9 million ac) are

designated wilderness (Figure 2). Most of these wilderness areas are contiguous to the Stephen
Mather Wilderness. The NOCA northern boundary is the international boundary with the Canadian



province of British ColumbiaProvincial forest lands and a recreation area are adjacent to the
boundary in British Columbia; a provincial park is just to the east.

North Cascades 0 10 20
National Park Complex . —
Kilometers

Figure 1. Geographical setting of North Cascades National Park Service Complex.
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Figure 2. North Cascades National Park Service Complex and adjacent land ownership.

NOCA spans the Cascade crest, placing within its bourtlanrgjor biogeographic zones: temperate
marine and serarid continental. The climatic and biotic diversity are further increased by a
transitional zae, roughly the lower elevations of the Ross Lake drainage. This third zone is created
by 3 orographic divides in the Skagit watershed: (1) Cas&ad#fic; (2) Skagit (west of the Cascade
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crest); and (3) North Cascade, which divides flow north to theeFRiser and south to the Skagit
River. Vegetal and climatic characteristics within this zone are intermediate between the mild, wet
conditions typical of the west side and the sanul conditions typical of the east side of the
Complex.

NOCA is charactéred by deep, forested valleys between high, glaciated mountain peaks. The local
topographic relief is 2682 m (8800 ft), with the lowest point being 122 m (400 ft) along the Skagit
River and the highest elevations occurring on several mountain peaks/d@em29000 ft). The

bedrock geology of the North Cascades differs greatly on either side of the Straight Creek Fault.
West of the fault the Shuksan metamorphic suite is composed of green schist and phyllite. East of the
fault are granite and gneiss, whicbmpose the crystalline core of the North Cascades. The Complex
has been shaped by a combination of uplifting of predominantly granitic formations and by repeated,
intense alpine and continental glaciations Watersheds typically begin heleigtion glaiers and
snowfields, dropping in numerous cascading streams down precipitous valley walls to classic, U
shaped valley floors carved by glaciers during the Pleistocene. Mainstem streams are generally
sinuous and whose pattern is predominantly of the iddan@¢hannel type, which is intermediate
between meandering and braided.

Precipitation varies across elevation gradients and the crest of the North Cascades Range, with an
average of about 400 cm/yr (157 in/yr) on the western peaks to an average of I5@2@nmiyr) in

the Lake Chelan corridor. The intermediate zone within the lower elevations of the Ross Lake basin
averages 1050 cm/yr (3959 in/yr) precipitation; the slopes to the west and east of the valley
typically receive 150200 cm/yr (5979 in/yr).

NOCA contains 316 glaciers, more than all of the other national parks within the conterminous states
combined. From the glaciers, permanent snowfields, and 530 lakes flow approximately 6500 km
(4039 mi) of rivers and streams (excluding intermittergastrs, which may increase the total to over
10,000 km [6214 mi]). NOCA contains the headwater8fimrajor river systems: the Columbia,

Fraser, and Skagit.

Air quality in NOCA is generally good, although the potential for deterioration of pristine aityquali

is very high because the Complex lies in the path of prevailing westerly winds blowing across the
several, large urbaimdustrial areas of the Puget Sound lowlands. These areas stretch from Portland,
Oregon in the south to Vancouver, B.C., in the ndMBCA is a Class | airshed under the Clean Air
Act; both NRAs are Class Il airsheds adjacent to the @ddss | airsheds are areas that requnee t
highest level of protectionngler the Clean Air Act of 1963. Class Il airsheds are areas representing
National Forest System lands that are not classified as Class | and may receive greater amounts of
humanmade pollution relative to Cl areas.

There are reservoirs (Gorge, Diablo, and Ross) within Ross Lake NRA, all behind dams built to
provide hydroelectripower. A small hydroelectric project on Newhalem Creek also provides power
via a stream diversion. Lake Chelan, which developed within a deep, glacial trough, is the third
deepest natural lake in the United States. The lake was dammed in the 1920ste itsglevation

for hydroelectric power; the natural lake level is raised an additional 21 feet at full po@l. The
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reservoirs and Lake Chelan provide recreational opportunities and transportation routes as well as
power. The dams also influence streamcesses downstream and the migration of fish throughout

the watershed. The reservoirs likely affect microclimate, cause erosion of terrestrial habitat, and limit
the ranges of terrestrial species within the Complex.

The abundance of water and the widaatson in landforms, soil types, elevation, slope, and aspect
create many types of habitat that support a diversity of flora and fauna. There are as many as 75
mammal, 200 bird27 fish, 17 reptile and amphibian, and roughly 1630 vascular plant spe¢ies wi
NOCA. The Skagit River system is one of the few watersheds within the Puget Sound area that is
managed for natural production of salmon. All the high lakes in NOCA were devoid of fish due to
natural barriers to fish migration in their outlet streafitalay, over 75 NOCA high lakes support
introduced populations of Rainbow Tro@r{corhynchus mykissCutthroat Trout@ncorhynchus
clarkii), Eastern Brook TroutSalvelinus fontinalls and Golden Troutdncorhynchus aquabonita

In a broad sense, the \atgtion of NOCA is typical of the vegetation found throughout mountainous
areas of the Pacific Northwest. Dougfaqg Pseudotsuga menziesiWestern HemlocKTisuga
heterophylld, and Pacific Silver FirAbies amabilisdominate the lower and montane @epf the
westside of the Complex. The eastside is drier and dominated by dry Déuglad Ponderosa Pine
(Pinus ponderosgforests. Riparian zones throughout the Complex are dominated by deciduous trees
including alder Alnusspp.), cottonwoodRopulusspp.), and willow $alixspp.). The upper

elevations of NOCA are primarily Subalpine Fibfes lasiocarppand Mountain HemlocKTsuga
mertensianaforests. The eastern mountain slopes have those components as well as Subalpine Larch
(Larix lyallii), Whitebark PineRinus albicauli$, and Engelmann SprucBi¢ea engelmannii

Above forestline, moist to dry subalpine meadows dominate. Roughly 230 speciesnattiven

plants are found within the Complex, including Diffugegsta diffuspand Spotted Knapsed

(Centaurea stoeheRush Skeletonwee€hondrillajunced , St . JHypencdns Wor t (
perforatun), Scotch BroomQ@ytisus scopariys Japanese KnotweeBdllopia japonicu$,
CheatgrassBromus tectorufy Common Mullein Yerbascum thapsysand Herb Role (Geranium
robertianun).

Visitors enjoy the many resources of the NOCA, including the use of frontcountry roads,
campgrounds, and trails, as well as backcountry hiking, skiing, and climbing. Ross Lake and Lake
Chelan NRAs are particularly popular destioas for watetrelated activities during summer

months. The majority of recreation visitation occurs during summer, because winter access is
restricted due to snowpack, snow avalanches, and the approxigatelyth closure of the North
Cascades Highwaystate Highway 20).

NOCA also contains a rich cultural and historical heritage. Native Americans have used the area now
contained within the Complex for at least 9000 yrs, including recent documentation-efdwgktion

use. Their activities throughout therth Cascades can be inferred through artifacts associated with
settlements, trade routes, and historical accounts through contact witAferan settlers. There

are hundreds of documented archeological sites in NOCA. In addition, NOCA repressntative
maintain ongoing communication with contemporary Native Americans in the region with respect to



subsistence use of resources, and other activities of settlers arsgfplestent activities that have
affected current transportation and modday settlerents in and near NOCA.

2.2 Natural Resources

2.2.1 Ecological Zones and Watersheds

NOCA is located within the Level Ill North Cascades ecoregion, which comgrisegel IV
ecoregionsNorth Cascades Lowland Forest; North Cascades Highland Forest;Qédmthdes
Subalpine/Alpine; and Wenatchee/Chelan Highlgisdshttp://www.epa.gov/wed/pages/

ecoregions The North Cascades Lowland Forest zone is dominated by Western Hemlock, Bouglas
fir, and Western Redcedart{uja plicatg forests; the North Cascaddgyhland Forest zone is

dominated by Pacific Silver Fir and Mountain Hemlock forests; the North Cascades

Subalpine/Alpine zone is dominated by permanent snow and ice fields, glaciers, bare rock, Subalpine
Fir, and subalpine meadows; the Wenatchee/Chelghl&fids is dominated by Douglfis

Lodgepole PineRinus contorty and Ponderosa Pine forests.

At the 5th field hydrologicunit level, there are 11 watersheds (see Figure 5) in NOCA These
watersheds include (from north to south): Chilliwack River; NackRiver; Upper Skagit
Lightning Creek; Upper SkagRoss Lake; Upper Skagtaker River; Upper SkagDiobsud Creek;
Upper SkagiRuby Creek; Upper Skagdorge Lake; Upper Skagitascade River; Upper
ColumbiaStehekin River; and Upper ColumHiake Chehn.

2.2.2 Resource Descriptions

Air Quality

Visitor enjoyment, the health ofpk ecosystemsandthe integrity ofcultural iesources depend upon

clean air. North Cascades National Park is a Class | air quality area, and Ross Lake and Lake Chelan
NationalRecreation Areas are Class Il areas managed by the NPS. The 1977 Clean Air Act
amendments give federal l and managers an daffir
related values in Classatea. The NPS manages ClHsweasto the same degeeof protection as

Class | as required by the 1916 Organic Act, the 1964 WildernesarktNPS Management

Policies (2006)Air quality related values include resources sensitive to air quality including

visibility, lakes, streams, vegetation, soils, aviltilife. NOCA is downwind of Seattle, Washington,

and Vancouver, British Columhiand there are substantigireulturaland livestock operations

north and west of thEomplex. Ar pollutants of concerimclude sulfur (S) and nitrogen (N)

compounds, grawd-level ozone, angersistent bioaccumulative togi¢PBTs)such asnercury

(Hg). To better understand and protect air quality, the NPS and collaborators have monitored air
guality and air pollutiorsensitive resources at NOCA since 1984.

Water Quality

Lakes, ponds, rivers, and steams are prominent features of the NOCA landscape. Documenting and
monitoring the status and trends in the water quality of these aquatic systems in protected wilderness
areas and national parks is important because these lpedsifeen comprise ecosystems least

affected and modified by anthropogenic disturbances. NOCA has at least 301 confirmed lakes and
ponds, although aerial photo interpretation of the park complex indicates that there could be as many
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as 561 lakes and ponds)d approximately 6500 km (4039 mi) of permanent streams and rivers in 11
NOCA watersheds. Water quality comprises physical, chemical, and biological constituents that
express the overall health and condition of aquatic ecosystems; at NOCA, these axstgengrally
oligotrophic relative to nutrient status, low in acid neutralizing capacity, high in chemical quality,
and typically cool in temperature.

Vegetation

The mountainous terrain and complex geology of NOCA create substantial variation in il type

and steep gradients of elevation, aspect, temperatudeprecipitation, leading to diverse plant life.

Over 181 vascular plant species occur in themplex more than in any other U.S. national park. In
general, vegetation of the Pacific Northwedysfied by productive coniferous forests, with

deciduous species restricted to frequently disturbed areas. In NOCA, plant communities are roughly
organized in an eagt west gradient reflecting the wetter, marithinduenced climate on western
slopesicold temperatures and persistent snow at high elevations; and the drier, continental climate in
the rainshadow on the eastern sloffé® Cascade Range is so wide in NOCA that the rainshadow
begins west of the Cascade divi@pecifically, westide vegetaon is characterized byestern

Hemlock WesternRedcedarDouglasfir forests at low elevations, Pacific Silveir Forests at miel
elevationsandMountainHemlock Subalpine Fir dominated foresistreeline. Heaths of dwarf

shrubs, primarily heather, and sparsely vegetated alpine rocklands occur above treeline. Eastside
vegetation includeBonderosa Pine in the dry, southeast portion of the padkglasfiri Lodgepole

Pine Pinus contortgi Grand R (Abies grandisforests at lower elevationand SibalpineFir,

Whitebark Pine, Subalpine Larch, or Engelmann Spatiteeeline The Ross Lake area is unique

due to close juxtaposition of eastern and western vegetation patterns on north versupscisth as
Riparian areas and wetlands, including bogs, fens and marshes, occur throughout the park.
Disturbance regime varies by location, but major agents include landslides, avalanches, fires, floods,
and windstormsln this assessment, we focus on indicsuaf landscapscale vegetation dynamics,

forest health (including tree mortality, fire regime, and air quality effects), and the status and trends
of plant biodiversity.

Amphibians

Amphibians are a class of vertebrate defined by moist glandular skie §muies have complex

life cycles and rely on both aquatic and terrestrial habitats for different parts of their life history.
Because of the relatively low mobility of amphibians compared to other vertebrates, all species found
in NOCA completeall aspets of their life historywithin the park. Eleven specigfrogstoads and

5 salamanders, have been identified as present in NOCA. One species, the Western Toad, is federally
listed as a Species of Concern, as well as a Candidate species for listingtbggidém State. The
Columbia Spotted Frog is also listed as a Candidate species for listing in Washington, and the
Coastal Tailed Frog is a species being monitored in Washington State. Blbbilte species

(Columbia Spotted Frog, Ensatina, and fegbed Frog) have wide distributions within the park.

Within their respective ranges, the statu$ sepecies are classified as stadlspecies are classified

as decreasing, and the statug speciess unknown.
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Fish

Twenty-seven fish species have bedrserved or reported as being present in NOCA rivers, streams,
and lakes. Most species £ 21) are native to the park, abBdpecies native to the Pacific Northwest
have been introduced. Four species (California Golden T@nddrhynchus mykiss aquaba@jjt

Brown Trout Balmo truttd, EasterrBrook Trout[Salvelinus fontinalis and Lake Trout$alvelinus
namaycus]) have been introduced to the park from outside of their native ranges. All fish present in
park lakes, except for some species in Lake Cleat@nRoss Lake, have been introduced through
stocking. The range of native Westslope Cutthroat Ti©@at6rhynchus clarki lewikin the

Stehekin River drainage on the east side of the park has been greatly reduced through competition
and genetic introgregn with nonnative Rainbow Trout. Several species have been identified as
species of special conservation or management concern at the federal and state levels. Bull Trout
(Salvelinus confluentisChinook Salmon@ncorhynchus tshawytsch&hum Salmon

(Oncorhynchus kejaCoho Salmon@ncorhynchus kisut¢ghSockeye SalmorQncorhynchus

nerkg, and Steelhea®pncorhynchus mykissave all been identified as threatened or endangered, at
least partially within their ranges, by the US Fish and Wildlife SeridlSFWS), and as state
candidates of special concern by the Washington Department of Fish and Wildlife.

Land Birds

The avifauna of NOCA is exceptionally diverse, reflecting the broad range of habitat types
encompassed by the park complex. Moist DoufllaandWesternHemlock forests on the west

slope of the Cascade Range support species that are representativgrofth, temperate

rainforest in the region, including the threatened Northern SpottedSIiW occidentalis cauring

A markedly differenenvironment in the rain shadow on the east slope of the Cascades, contributes a
unique suite of bird species characteristic of dry pine forests (e.g.,-Wdatied Woodpecker

[Picoides albolarvatus and Aspen groves (Rethped SapsuckéBphyrapicusuchalig).

Transitional areas between diverse habitat types further contribute to high bird species diversity.
Several passerine species which are strongly associated with mature andatumgsdconifer

forests, and have been experiencing regional pdipual declines, are among the most abundant

species at NOCA. Two species in this category, the Varied TKinmteus naevidsand Chestnut

backed Chickade@oecile rufescenshave large proportions of their geographic ranges restricted to
the Pacific Nothwest, giving the region principal responsibility for their conservation. Alpine and
subalpine habitats at NOCA also are important for some species of regional conservation concern,
such as t he ({JNuaifragaCslumbiand. b thia askessméwe focused on 73 bird

species of management concern because of the large number of species that occur in the park (222
bird species in NPSpecies database), and because management and monitoring of each species is
logistically infeasibleNPSpeciesisawes i t e t hat fidocuments our knowl
and status of speci es ,andcaiN ticcessedtps:/Praamps.gd¥/er vi c e
NPSpeciesWe included species listed as Management Priority in NPSpecies (47 species), and those
identified as focal species for conservation strategies developed by Partners In Flight (PIF) and the
North American Bird Conservation Initiative (NABCI).
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Mammalian Fauna

NOCA appears to have retained the full set®historically present mammal speci@sth the
exception of thd-isher(Martes pennanjiand the Cascades Red Fdxlpes vulpes cascadensis
NOCA lands do not provide adequate habitat to maintain viable populations of many of the larger
species, but are valuable for those species in amalgcontextCurrently, up to 7’hative mammal
speciegnayreside during some or all of the yeaN@®CA, based on documentation in NPSpecies
and published literature. That number does not includeigheFwhich appearso have been
extirpated from the@ark complexand surrounding arekive mammal species found NOCA, or
extirpated fromNOCA, are federally or state listed as threatened or endandesedcies are federal
Species of Concern; amdspecies are state listed as of interestrfonitoring. Mammal groups of
focused interest in this assessment include carnivores, Hoary MaMastadta caligatd,

American Pika Qchotonaprincepsfenisey, and bats.

Glaciers

Glaciers are significant features within the national parks of Washing¢gbe, 8nd their condition is
an important indicator of the status of park resourge8IOCA in 1998,316 glaciers covedmore
than 109 krfi(42.1 mf) and had a combined volume®8i 10.1 knt (2.2 2.4 mf). The elatively
small, temperate glaciersldOCA are valuable as sensitiaad relativelydramatic indicators of
climate changeThey are alsecosystems linked to larger alpine food webwlthe sole habitat for
some species such as the ice wokiegenchytraeus solifugysvhich is preyed upon the Gray
crownedRosyFinch (Leucostttetephrocoti$ and other alpine speciddOCA daciers are valuable
to downstream municipalitiesndregional ecosystems and industries because they provide vast
guantities of coldfresh mekwater during theegionalhot, dry summer monthStochastic events
such as lahargutburst floodsand massive sediment debris flailat originate from lgcierspose a
potentially significant hazard feeople visiting and working in the paakdto downstream
municipalities .

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 quieat parks can 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
charateristics that intrude on their habitats. The Natural Sounds and Night Skies Division (NSNSD)
of the National Park Service and NOCA have conducted acoustical monitoring at 20 sites within the
park. The primary goal of this monitoring is to characterizeathbient sound levels of NOCA
vegetation and management zones that occur at different elevations and are influenced by different
climatic conditions.

Dark Night Skies

The resource of a dark night 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 environrheithin the range of natural variability; (2) a
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natural starry sky absent of anthropogenic lightkeyscenic resource, especially in large

wilderness parks remote from major cities; (3) natural night sky may be a very important cultural
resource, espally in areas where evidence 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 or fAsl|l eepi ng un dieanimpohantwdderaessvalue and (
contributing to the ability of park visitors to experience a feeling of solitude in a landscape free from
signs of human occupation and technology. NOCA, although located in an area of northern
Washington that is relativelgmote from cities and towns, is within 100 mi (96+ km) of the large
metropolitan areas of Seattle and Vancouver, British Columbia. Therefore, the park is influenced by
anthropogenic sky glow from the west, leading to a significant gradient of expegitedky quality

from west to east. Because the vast majority of the park is designated wilderness, it is particularly
important that withirpark sources of light be contained, eliminating light trespass and minimizing
anthropogenic sky glow.

2.2.3 Resource Threats Overview

The natural resources of NOCA are potentially susceptible to a number of threats. Some of these
threats like the atmospheric deposition of nutrients (e.g., nitrogen, phosphorus, sulfur) and pollutants
(e.g., ozone, methylmercury, otheobccumulative toxics), and climate change effects (e.g., changes
in snowpack, glaciers, temperature, and precipitation frequency and amount) can cause changes in
the quality and characteristics of ecosystems and habitats. Such changes could havetsignifican
effects on the presence, distribution, and survival of biota throughout the Complex, as well as
diminish air quality within the park and alter precipitation chemistry. Changes in land use on US
Forest Service and private ownership lands surroundingahepl@x could also contribute to

changes in the quality and characteristics of park ecosystems and habitats. Naturally occurring
geologic disturbances (e.g., landslides, floods, snow avalanches) could profoundjginize the

physical context and dynamio§the NOCA landscape; and the quality and condition of NOCA
ecosystems can also be altered by visitor impacts concomitant with recreational activities such as
picnicking hiking, backpacking, camping, and climbing. More specifically, NOCA resource
managenent staff are concerned with and participating in: (1) the recovery and monitoring of rare,
threatened, endangered, or sensitive species su
eared Bat, and Bald Eagle; (2) conducting studies focused on dntiagrand monitoring air

pollution impacts in the Complex; (3) monitoring and enhancing native fish species populations
including Pacific salmon spawning populations; (4) managing lake ecosystems and native amphibian
populations; and (5) continued tracgiof the vital signs and health of all NOCA natural resources.

A list of additional resource management concerns is available at
http://www.nps.gov/noca/naturescience/natuesourceissues.htm

2.3 Resource Stewardship

2.3.1 Management Directives and Planning Guidance

The management and conservation of the natural resources of NOCA is primarily mandated by the
National Park Service Organic Act of 1916. Planning and guidiand¢OCA resource management

is also provided as part of the NOCA General Management Plan completed in 1988. Additional
NOCA-specific management plans include: (1) Lake Chelan NRA General Manageméniob&n
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(2) Ross Lake NRA General Management PE12; (3) NOCA Resource Management RIA899;

(4) Wilderness Management Pid989; (5) NOCA Fire Management Pi&®07; (6) NOCA

Mountain Fishery Management Plan/E2B08; (7) NOCA Invasive, Nenative Plant Management
Plan/EIS 2012; and (8) Stehekin River @dor Implementation Plan/EI2012. Asl of 8 units
comprising the North Coast and Cascades Network (NCCN), NOCA also uses the North Coast and
Cascades Network Vital Signs Monitoring Repg®¥teber et al. 2009) as guidance for natural

resource planning amdanagement, as well as tAa&lCCN natural resource monitoring protocols

and1 data management plan listed in Table 1.

Table 1. 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

Fish Assemblages Brenkman and Connolly 2008
Forest Vegetation Acker et al. 2010

Glaciers Riedel et al. 2008

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

As a member park of the NCCN, NOCA is supported by network staff who assist NOCA staff with
data management, data collection, and administration of monitoring programs on glaciers, high
mountain lakes, and vegetation. The NOCA Science Advisor and NPSratep&cosystem

Studies Units (CESU) coordinateiark research efforts with multiple federal, state, academic, and
non-profit agencies, universities, and organizations. NOCA is also a participant in the North Coast
and Cascades Network Research Learhatyvork (NCCN RLN), established in 2001, and the
Pacific Northwest Cooperative Ecosystem Studies Unit (PNW CESU). The NCCNaRIRNW

CESU play criticafkolesin developing and implementing collaboratresearclstudies at member
parks. A partial list bpartnerscollaborators include8 federal and state agencies and 13 universities.
NOCA resource management staff also actively ersgjagsollaborative research agreements with
federal and state agencies, and universities.

2.4 NCCN Monitoring Protocols
The following protocols are availablefdtp://science.nature.nps.gov/im/units/nccn/reportpubs.atm
are 36 NCCN Monitoring Reports.

Acker, S. A., A. Woodward, J. R. Boetsch, K. Hutten, M. Bivin, R. Rochefort, C. C. Thongsbn,
L. Whiteaker. 2010. Fost vegetation monitoring protocol for the North Coast and Cascades
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Network. Natural Resource Report NPS/NCCN/NRE0D10/242. National Park Service, Fort
Collins, Colorado.

Antonova, N., C. Copass, R. K. Kennedy, Z. Yang, J. Braaten, and W. Cohen. 20d@olRoot
Landsatbased monitoring of landscape dynamics in North Coast and Cascades Network Parks:
Version 2. Natural Resource Report NPS/NCCN/NMRR12/601. National Park Service, Fort
Collins, Colorado. Published report 2191587.

Boetsch, J. R., B. Christoe, and R. E. Holmes. 2009. Data management plan for the North Coast and
Cascades Network Inventory and Monitoring Program (2005). Natural Resource Report
NPS/NCCN/NRF 2009/078. National Park Service, Fort Collins, Colorado.

Brenkman, SJ., and Connolly, Rl. 2008. Protocol for monitoring fish assemblages in Pacific
Northwest National Parks. U.S. Geological Survey Techniques and Mefhads130 p.

Glesne, R. S., S. C. Fradkin, B. A. Samora, J. R. Boetsch, R. E. Holmes amis&eCR012.
Protocol for longterm monitoring of mountain lakes in the North Coast and Cascades Network:
Version July 9, 2012. Natural Resource Report NPS/NCCNMNR®RL2/549. National Park
Service, Fort Collins, Colorado.

Lofgren, R., B. Samora, B. Bacguand B. Christoe. 2010. Climate monitoring protocol folNbeh
Coast and Cascades Network (Mount Rainier National Park, Olympic NationaN®eaitk,
Cascades National Par k, Lewis and Natiomat k Nat i or
Historical Reserve, San Juan Island National Historical Park, Fort Vancouver National Historic
Site): Volume 1. narrative and appendiocession 5/26/2010. Natural Resource Report
NPS/NCCN/NRR 2010/240. National Park Service, Fort Collins, Colorado.

Rawhouser, A.K.l..P. Grace, R.A. Lofgren, R.S. Glesne, J.R. Boetsch, C.A. Welch, B.A. Samora, P.
Crain, and R.E. Holmes. 2012. North Coast and Cascades Network water quality monitoring
protocol. Natural Resource Report NPS/NCCN/NR®&L2/571. National Park Service, Fort
Collins, Colorada

Riedel, J. L., R. A. Burrows, and J. M. Wenger. 2008. Long term monitoring of small glaciers at
North Cascades National Park: A prototype park model for the North Coast and Cascades
Network, Natural Resource Report NPS/NCCN/NRED08/066 National Park Service, Fort
Collins, Colorado. 252 p.

Rochefort, R. M., M. M. Bivin, J. R. Boetsch, L. Grace, S. Howlin, S. A. Acker, C. C. Thompson,
and L. Whiteaker. 2012. Alpine and subalpine vegetation monitoring protocol for the North
Coast and Casdas Network. Natural Resource Report NPS/NCCN/NRR12/570. National
Park Service, Fort Collins, Colorado.

Siegel, RB., Wilkerson, RL., Jenkins, KJ., Kuntz Il, RC., Boetsch, R., Schaberl, P., and
Happe, PJ. 2007. Landbird monitoringrotocol for national parks in the North Coast and
Cascades Network. U.S. Geological Survey Techniques and Metha@s200 p.
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Weber, S., A. Woodward, and J. Freilich. 2009. North Coast and Cascades Network vital signs
monitoring report (2005). Natural Beurce Report NPS/NCCN/NBRR2009/098. National Park
Service, Fort Collins, Colorado.
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Chapter 3 Assessmenti Scope and Design

3.1 Preliminary Scoping

A NaturalResource Condition Assessment Workshop was convened in Seatsleington 2 3

November 2010The purpose of thi8-day workshop was to review and brainstorm the natural
resources of NOCA, to identify and prioritize key indicators of the natural resources and their
stressors, and to develop a plan for creating and completing an assessment of the conditions of
NOCA natual resources. The workshop was attended by 31 individuals including 23 NFS and

USGS representatives. One University of Washington Climate Impacts Group (CIG) representative
was also present. The workshop began with an overview of the Natural Resondds@o

Assessment goals and objectives, and a general discussion of reference conditions and how to
develop and use them as part of the resource assessmentsoldrgedups were then convened to
brainstorm and prioritize a list of natural resourcesr gesociated indicators, and reference

conditions or other comparative sources useful for the assessment of the condition of each resource.
The general categories of discussion by the boealgroups included: (1) landcover pattern and
structurei ecosysems and communities; (2) animalsnammals and birds; (3) animadls

amphibians and fish; (4) air and water quality; and (5) plamtgetation. Questions created and
prioritized to help facilitate the development of letegm monitoring at NOCAasparfo t he par k6 s
Vital Signs identification process and the NCCN Ldreym Ecological Monitoring Program were

used as a foundation for guiding and informing breakgroup discussions. This smgtoup

activity was followed by a presentation and discussigh@fesults of each brealut 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 indicators,
refererce conditions, and comparison metri¢alfle 3. The criteria used to prioritize resource
categories and indicators included: (1) key resource questions previously identified as part of the
Vital Signs identification process; (2) data richness of eacluresancluding 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
working on the prct. 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 2. 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; US

ESA; IUCN; WA-Species of Concern)1
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; US
ESA; IUCN; WA-Species of Concern)*

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 balance) Surface mass balance of 4 indicator glaciers
Volume

Nisqually ice surface elevations

Climate change

'US ESA: United States Endangered Species Act; IUCN: International Union for Conservation of Nature; WA: Washington
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Table 2. Focal resources and their indicators-stressors, and reference conditions (continued).

Resource

Indicators-Stressors

Reference Condition/Comparison Metric

Land Birds

Mammalian Fauna

Night Skies

Soundscapes

Vegetation

Breeding density and trends
Harlequin Ducks
Raptorsi nesting occupancy and productivity

Threatened and endangered species

Climate change

Carnivores

Elk

Bats

Sky luminance

Sky quality
Anthropogenic light
Acoustical monitoring

Ambient sound levels
Intensity, duration, and distribution of sound
Forest health

Tree mortality

Forest insects and diseases
Exotic plant species
Whitebark Pine
Alpine-subalpine vegetation
Fire

Biodiversity

Climate change

Historical condition
Minimally disturbed
Minimally disturbed

Conservation and management status designations (NatureServe; US
ESA; IUCN; WA-Species of Concern)®

Conservation and management status designations (NatureServe; US
ESA; IUCN; WA-Species of Concern)®;

Minimally disturbed; Best attainable condition

Sky brightness/natural conditions

Sky Quality Index

Maximum vertical illuminance from anthropogenic source

Comparison to results summarized for 189 sites in 43 national parks
(Lynch et al. 2011)

Historic range of variation; current conditions; distribution- abundance;
biological integrity for backcountry; best attainable condition for
frontcountry; overall disturbance

'US ESA: United States Endangered Species Act; IUCN: International Union for Conservation of Nature; WA: Washington
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Table 2. Focal resources and their indicators-stressors, and reference conditions (continued).

Resource Indicators-Stressors Reference Condition/Comparison Metric
Water Quality Trophic status Trophic State Index (TSI); comparison to historical and regional conditions;
(Lentic) synthesis of past reports
lon chemistry comparison to historical and regional conditions; synthesis of past reports
Physical parameters (Alka, Cond, pH, DO)2 comparison to historical and regional conditions; synthesis of past reports
Zooplankton, benthic macroinvertebrates occurrences and distributions of taxa

Atmospheric deposition
Ice out
Climate change

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

lon chemistry

Physical parameters (Alka, Cond, pH, DO)?
Water temperature

Benthic macroinvertebrates

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

3DEQ: 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 NOCA
staff. This information was uploaded to a USGS Sharepaetiaid made available to all participants

in this assessment. Individuals responsible for completing an assessment reviewed available
resourcespecific 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 summarized the analysis and evaluation of the statrglaraf &
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 ofcaures could best 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 catetigs were identified for inclusion in this report; they are listed and summarized in
Table 3

Each resource assessment is generally structured as follows: (1) Introduction; (2) Approach (methods
used to complete assessment); (3) Reference Conditionsoamgba@son Metrics (used to determine
resource condition); (4) Results and Assessment; (5) Emerging Issuedo(@ation andData

NeedsGaps and (7) Literature Cited he introduction subsection introduces a specific resource by
providing background imirmation about the resource, places the resource in the context of its
importance to the park, and summarizes the primary objectives of the respecific assessment.

The approach subsection outlines the methods used to conduct the assessmentefibe agigr
comparison metrics subsection summarizes the conditions 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 resouspecifc data used to complete the assessment, and the overall
condition assessment of the resouiidee emerging issues subsection is designed to identify present

or future potential stressors of a resouid®e information anddata needgapssubsection is used

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 overall objective of this
approach is to assess and articulate the presadition of each focal resource based on a

reasonably thorough review of available information (e.g., data, publications, and reports) generated
by park staff, and by research and monitoring cooperakbrs.condition assessment provides a

is nshgpint meo evaluation of the conditions of a

23

S

e



Table 3. Focal North Cascades National Park Service Complex resources and their assessment
categories.

Resource Assessment Elements
Air Quality Ozone; Visibility; Nitrogen-Sulfur deposition; PBT deposition
Lake Water Quality 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

Stream Water Quality Variability of 12 physical habitat attributes; use of benthic macroinvertebrate
model for predicting level of impairment

Vegetation Landscape-scale vegetation dynamics; Forest Health i disturbance regime;
Forest Health T 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 i sensitive vegetation species

Amphibians Park occurrence and distributions; species management and conservation
status
Fish 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; Upper Skagit River basin char; Lake Chelan Kokanee spawning;
Ross lake Redside Shiner diet

Land Birds Park occurrence and distributions; species management and conservation
status

Mammalian Fauna General presence and management status

Mammalian Carnivores In-park status and distributions (19 species)

Hoary Marmot- American Pika  Status and distributions

Bats Presence, distributions, and frequency of capture/detection

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

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

Dark Night Skies 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 CummingsiNational Park Servic&acific West Region Air Resources Specialist)

4.1.1 Introduction

Visitor enjoynent, 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, communicates information about air qisslitgs; advises and consults with
regulatory agencies; partners with stakeholders to develop air pollution management strategies; and
promotes pollution prevention practices NPS Management Pqlii2S2006).

Several laws provide the basis for air quatitotection in units of the National Park System,

including the Organic Act, Wilderness Aeind Clean Air Act. The 1977 Clean Air Act amendments
include regpuiesemeret sproti@ct, imClads|patdmna pakeand he ai
wilderness areas (42 U.S.C. 7470 et se)CN is a Class | air quality area; Ross Lake and Lake

Chelan National Recreation Areas are Class Il areas. The 1977 Clean Air Act amendments give

feder al l and maragerspoarsifaf fiitymatio protect the
(AQRVSs) in Class | areas. Air quality related values are resources sensitive to air quality, including
visibility, |l akes, streams, vegetat irromthessleoi | s,

of protectingairquality el at ed val ues fSenmate RapdrtiNo. BR27g%ther at i on s
Congress, 1st Session, 1977).

Air Pollution Sources

Most human activities, including manufacturing and industrial processes, agriculturalgsaetnd
disturbance, and fossil fuel combustion, produce air pollution. NOCA is downwind of Seattle,
Washington, and Vancouver, British Columbia, and there are substantial agricultural and livestock
operations north and west of the park (FiggkeBasedo n Wa s hi ngt on Depart ment
2005 emissions inventofyWDOE website2005) large point sources of air pollution within
approximately 100 km of the park included refineries, aluminum smelters, cement plants and
industrial facilities (WDOBEwebsite2012).Significant sources of area emissions areaad

vehicles, norroad vehicles (e.g., forklifts, tractors and snowmobilasyl wildfire (WDOEwebsite
2012). The air pollutants of concern include sulfur (S) and nitrogen (N) compounds,-tgeeind
ozone, persistent bioaccumulative toxics (PBas)dmercury (Hg).

The main source @ pollutionis coalcombustiorat power plantsand industrial facilitiesOxidized

N compounds (i.e., nitrogen oxidessult fromfuel combustiorby vehicles, power plantand
industry ReducedN compoundge.g., ammonia and ammoniuarethe result of agricultural
activities, fire,vehicle emmisionsand other source®zone is formed when nitrogen oxides and
volatile organic compoundsdm vehicles, solvents, industignd vegetation react in the atmosphere
in the presence of sunlight, usually during the warm summer mdtehsistent bioaccumulative
toxics include heavy metadsd organicompoundssuch as pesticide€oal combustion,
incinerators, mining processesd other industries entitg.
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Air Pollution Sources Z-?I Major Permitted Emission Sources

® Dairy

Figure 3. Pollution sources near North Cascades National Park Service Complex.
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Air Pollution Effects

Fine particles of S and N compounds, and other pollutants in the atmosphere, absorb or scatter light,
causing haze and redng visibility (Hand et al. 2011Y.here are sizerange categories of

particulate matter typically measured by air quality monitoring netw@eks particles<10um

[PM1Q and particles2.5um [PM2.5). These smaller particles are of most concerméwnan, and
possibly wildlife, health because they can easily pass through the nose and throat, enter the lungs,
and cause serious health probledutfur and N pollutantareeventually either wet deposition (e.qg.,

via rain, snow, clouds, and fog) or drymesition (e.g.via settling impaction or adsorptipiThese
pollutants change water and soil chemistry, which in turn, affects algae, aquatic invertebrates, and
soil microorganisms, and can lead to impacts higher in the food chain (Sullivan et al. Zii1its,
Greaver et al. 2012). Because N is an essential plant nutrient, N compounds may cause unwanted
fertilization or eutrophication, with subsequent changes in soil nutrient cycling and plant community
structure and composition. Deposition can acidikekand streams that have low buffering capacity.

Ozone is a respiratory irritant and can trigger a variety 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.qg.,
premature leaf loss, reduced photosynthesis, and retkafedoot, and total size).

After Hg is deposited, it can be transformed by ecosystem processes into a very toxic form,
methylmercury, which biomagnifies in the food chain and can reach harmful levels, iniftiife

and humansBiological effects oPBTs include impacts on reproductive success, growth, behavior,
disease susceptibility, and survival (Moran et al. 2007, Landers et al. 2008).

The NPS and others have monitored air quality and AQRVs at NOCA sinceHig8red). In

1994, the NPS published a review of the status of air quality and air polietaied ecological

effects in5 Class | parks in the Pacific Northwest, including NOCA (Eilers et al. 1994); a 2003
addendum summarized visibility data collected attparks through 1999 (Air Resource Specialists
2003). Cummings (2013) provided an updated summary of air pollution monitoring and research
conducted at NOCA through early 2013. Because a comprehensive discussion of air quality at
NOCA is beyond the scope tfis condition assessment, the overview reports should be consulted
for additional information.
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North Cascades Complex Monitoring and Studies
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Figure 4. Locations of some of the air quality and AQRV monitoring and research at North Cascades
National Park Complex (from Cummings 2013).
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4.1.2 Approach

Visibility T Sources and Methods

The NPS began monitoring visibility at NOG® To provide qualitative documentation of visual
conditions, pictures were taken with a®Bn camera (1983.991), and a digital camera (2003
present)Figure5). Based on aaverage of 2002011 data, on the 20best visibility days the
standard visual range was 313 .kand on the 28 worst visibility days the standard visual range
was 110 km (Bret Schichtel, NPS Air Resources Division,. geram). Standard visual rangetise
distance at which one can barely make out the presence of a large, dark object.

Good Visibility Day Bad Visibility Day

Figure 5. Examples of photographs documenting visibility conditions at North Cascades National Park
Complex (from Cummings 2013).

Since2000,an Interagency Monitoring of Protected Visual Environments (IMPRQAE)cle
monitorhas been operating at Ross Lake Dam; the monitor progigetitative measurements of
mass, chemical elements, S, N, organics, and elemental carbon. Particle moalimsador
identification of the chemical species and sources of htoaased visibility impairment in the park,
and is used to document letgym visibility trends (IMPROVE website 2013). Data from the NOCA
IMPROVE monitor are also used to represent igitconditions at the nearby U.S. Forest Service
Glacier Peaks Wilderness.

Nitrogen and Sulfur Deposition T Sources and Methods

There areé national deposition chemistry monitoring programs. The National Atmospheric
Deposition Program (NADP) monitors waposition of sulfate, nitrate, and ammonium (NADP
website 204). The Clean Air Status and Trends Network (CASTNET) measures atmospheric
concentrations of particles and gases including sulfate, nitrate, ammonium, sulfur dioxide, and nitric
acid(CASTNET website 2012). Both NADP (198gresent) and CASTHT (1996 2007)

monitoring have been conductedla Marblemount Ranger StationNDCA. In addition, from

2005 2007, limited sampling of bulk deposition (wet plus dry) and throughfall deposition (i.e.,
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collected under the forest canopy) was conducted in the park (Fenn et al. 2013). Given the limited
number of CASTNET, bulk, and throughfall deposition monitoring sites, the NPS Air Resources
Division (ARD) currently relies on the more widespread NADP wet dépogiata to assess
conditions and trends in parks throughout the country (NPS 2013).

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, therdR&heer federal land
managers are increasingly using critical loads to assess the 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 &t acceptable pollution levels and resource sensitivity is limited.
As more 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 W&stern
where S deposition is low, and of lesser concern, than N deposition. Pardo et al. (2011) identified
critical loads for N deposition for a number of ecoregions across the&€unsnings et al. (2014)
summarized the current state of knowledge abougposition, effects, and critical loads in Idaho,
Oregon, and WashingtoAlthough Cummings et al2014)identified cumulative potential adverse
ecological effects in the regioRifure6), they determined that with the exception of lichens, N
critical loads have not been well established for the Pacific Northwest.

4-10: shifts in diversity of forest
mycorrhizal fungi essential to
plant and wildlife nutrition

certainty

Low

4-4: changes in leaf chemistry, rates of

inty

soil mineralization, nitrification & nitrate
leaching in subalpine forests; episodic

Medium

acidification of sensitive subalpine lakes
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Figure 6. 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.
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Ozone i Sources and Methods

Ozone was monitored #te Marblemount Ranger Statitnom 1996 2007. Because concentrations
were relatively low, monitoring was discontinued at that time. The NPS ARD uses park t&RA, s
tribal, and local monitors to interpolate air quality estimates for parks that do not have cusgat on
data.

The EPA has established a primary National Ambient Air Quality Standard (NAAQS) for ozone that

is designed to protect public health. THAAQS is based on the-@ average of the annual 4th

highestdaily maximum8-hr ozone concentration and is currently set at 5 jppJanuary 201Qhe

EPA proposed to lower the primary ozone NAAQS to a value intherangé @@ ( " Nat i onal
Ambient Air Quality Standard for Ozone, ERAQ-OAR-20050172; Notice of Proposed

Rul emakingo, 75 F.R. 1-3052). At9he Samentime, ERA pdiode@ d new p p .
secondary ozone NAAQS to protect vegetation. The secondary stavaladibe based on a metric

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 7i 15 ppmhrs.

PBTs i Sources and Methods

It was once 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 and deposited around the dliasigeeman et al. (2010) correlated

pesticide concentrations in snowpack from several national parks, including NOCA, with nearby
cropland intensity and wind patterns and concluded that for all studied parks, less than 25 percent of
the pesticide contributiowas from pesticide use within 150 km of the pafker Hg is emitted, it

has the potential forloagange transport and joins the fAgl obal
continuously between the atmosphere, ocean, soil and living organisms. Modelagea@il0

percent of the Hg deposited in the Pacific Northwest is from local anthropogenic sources,
approximately 20 percent is from Asia and the rest is from the global pool (National Research

Council 2009).

The NADP Mercury Deposition Network (MDN) mdars 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&eattle (NADP website 2@}
Continued operation of the Mak&DN site is threatened by lack of funding. It is unlikely either of
the sites adequately represent Hg deposition at NOCA. Iri 2003, concern about potential
deposition of PBTs in Washingtonds Class | nati
(USGS) study of occurrence and concentration of Hg and organochlorine compounds in fish
collected from park lakes (Moran et al., 2007). Also in 2002, the NPS spearheadedagendyi

study called the Western Airborne Contaminants Assessment Project (WACAE&tetmine the risk
from airborne contaminants to ecosystems and food webs in 20 national parks in the western U.S.,
including NOCA (Landers et al. 2008§).More recently, EagleSmith et al. (2014) analyzed Hg
concentrations in fish collected betwee®2@nd 2012 from NOCA and 20 other western national
parks.
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4.1.3 Reference Conditions and Comparison Metrics

Visibility
The 1977 Clean Air Act amendments set a National
and the remedying of any existingmp ai r ment of vi sibilityo in CIl as

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

Nitrogen and Sulfur Deposition

The NPS ARD bases condition assessments on wet deposition only because dry deposition data are
not available for many areaa/et deposition levels below 1.0 kilogram/hectare/year (kg/halyr) are

not known to harm sensitive aquatic or terrestrial resources. Therefore, the NPS ARD classifies park
condition of significant concern if wet deposition of S or N exceeds 3 kg/ha/ynvet M deposition

is 1Ii 3 kg/hal/yr and the park contains@nsitive ecosystems (NPS 201Based on over 1400 study

plots, Geiser et al. (2010) recommended a total (wet plus dry) N critical load to protect lichens in
western Oregon and Washington. Thaticaitload is 2.7 to 9.2 kg/ha/yr with the critical load

increasing as precipitation increases. Pardo et al. (2011) recommended a critical load of 1.5 kg/ha/yr
of wet N deposition to protect high elevation aquatic ecosystems in the Rocky and Sierra Nevada
Mountains A USGS study examined diatom assemblages in a total of 11 lakes in North Cascades,
Mount Rainier, and Olympic National Parks to look for species changes associated with N deposition
(Sheibley et al. 2014). Onlylake, Hoh Lake at OlympiblP, hadthe known Nsensitive 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 was 1.2 kg/ha/yr of wet
N.

Ozone

Given that therés relatively little information about the ozone sensitivity of many native plant

species, and to be conservative, 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 carfditionone, (i.e., 60 [yio

protect human health, and 7 pjws to protect vegetation; NPS 2013).

PBTs

Because there are no ambient air quality standards for PBTs, NPS ARD relies on literature values
indicating the concentrations of pollutants in figstie 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 30 ppb for safe human consumption of fisthe Washington Department of Health
recentylwer ed the stateds Hg consumption criteria t
Washington Department of Health, pesamm). RecommendeHig thresholds for wildlife are much

lower (e.g., 90 to 270 pplcaglesSmith et al. 2014)Consuming fish thatave pollutant

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

health.

32



4.1.4 Results and Assessments

Visibility

The NPS ARD produces an annual report that provides condition and trend information fotyyisibili
wet deposition, and ozone in parks, monuments and other areas managed by the NPS. The most
recent report (NP3013), indicates no change in visibiliy either the clearest or haziest days

NOCA from 2000 2009;however, there was an improvement o tlearest days over the entire
period of recordi.e., 20002013 Figure X4.
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Figure 7. Deciview trends compared to natural conditions on the haziest and clearest days at North
Cascades National Park Complex (from Federal Land Managers Environmental Database website 2014).

To quantifytheamount ofvisibility at a site)MPROVE determines the dv difference between
monitoredvisibility and calculated natural visibilitponditions The 20062011 average visibility
difference at NOCA was 3.4 dv, indicatingrrent visibility is 34% hazier than natural conditions
(NPSwebsite 2038). 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 (NPS 2013).

Nitrogen and Sulfur Deposition
Based on 2002009 NADP wet deposition data, therer@ improving tendsin bothSand N
concentrations in precipitaticat NOCA Figure8; NPS 2013).
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Figure 8. Trends in annual concentrations of sulfate, nitrate, and ammonium at the Marblemount Ranger
Station NADP site at North Cascades National Park Complex (produced by NPS ARD 2014).

High elevation ecosystems in western Washingtorihemagh to bevery sensitive to atmospheric
deposition of S and N pollutants due to a limited ability to néméracid deposition and to absorb
excess N. Sullivan et al. (20112011d) evaluated thelativesensitivity of NPS Inventory and
Monitoring (I&M) Networks and all 79 associated park units larger than 10@rmsurface water
acidification and N enrichnmt. NOCAwasrankedin the highest risk category for both assessments

Longterm NADP data show wet deposition of S and N at NOCA ranges beti2&g/ha/yr

(NADP website 204). According to Geiser et al. (2010), the N critical load for lichens has lilaly

yet been exceeded at NOCA. However, the data indicate that in some years, wet N deposition may be
at or approaching the critical load for aquatic ecosyst&iven the suspected sensitivity of AQRVs

in the park and possible underestimation of deposdige to coarsecale monitoring and modeling

and the parkdéds complex terrain, NOCA is in a co
deposition.
Ozone

Based on 2002007 onsite data, thannualdth-highestdaily maximum8-hr ozone concentration at
NOCA was 54 pp and the W126 was 2.0 pphms, both of which are below the proposed primary

and secondary ozone NAAQBhe 20062010 interpolated data were comparable, with ahghest

daily maximum8-hr ozone concentration of 55tppnd a W126 of 2.3 ppihrs. The 19962007 on

site data showed slightly increasing ozone concentratigare 9. Kohut (2004) assessed the risk

of ozoneinduced foliar injury at NOCA based on species sensitivity, 0zone concentrations, and soll
moisture (which influences ozomgtake). Kohut concluded there was low risk of ozone injury at
NOCA. Therefore, given that current ozone concentrations are much lower than those known to
threaten either human health or vegetation NOCA is in good condition for ozone.

34



Annual 4th-Highest 8-Hour Ozone Concentration
North Cascades National Park--Marblemount Ranger Station
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Figure 9. 1996-2007 ozone concentrations at North Cascades National Park Complex (from Cummings

2013).

PBTs

Moran et al. (2007) collected cutthroat troB8a(mo clarki) from 5 lakes in NOCAJS lakes in
Olympic National Park, and lakes in Mount Rainier National Bain 2002 2003. Mercury was

detected in trout from all lakes sampled, with the highest tissue concentraigrp2én a fish from
Green Lake in NOCA. This valiexceeds botiVva s hi ngt on
health consumption criteria anddiin thresholds for fiskeating wildlife. Fish from2 lakes in NOCA

with different Hg concentrations (Wilcox Lake with high concentrations and Skymo Lake with low
concentrations) were examined for differences in gene expression. Fish from Wilcox Lakd showe

Depart ment

of

significant changes in metabolic, endocrine, and imrrefeged genes compared to fish from Skymo

Lake.EaglesSmith et al. (2014) analyzed fish samples fidtakes at NOCA and found relatively

low concentrations of Hg. However, because a great dedtlih-park variation was found at some

intensivelystudied parkg¢e.g., a 2&old difference in Hg concentrations across the 17 sites at Mount
RainierNP), the authors cautiaimatthe 3 sample lakes at North Cascades may not adequately

characterize Hg sk at the park. Moran et al. (2007) also detected low concentrati@ns of
organochlorine compounds, total polychlorinated biphemyld dichlorodiphenyldichloroethylene in

fish from all sampled lakes in NOCA.

As part of the WACAP study (Landers et al. 8(passive air sampling devices, snow, conifer

needles, and lichens from NOCA were sampled in 2R0G7. A number of PBTSs typically

associated with agriculture were detected in samples from the park. Given the occurrence of many
PBTs and concentrations ldfy in some fish samples that exceeded human and wildlife health
thresholds, NOCA is in a condition of serious concern for PBTSs.
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4.1.5 Information and Data Needsi Gaps

Visibility
Each statevas required to develop a Regional Haze Plan to improve visibili§lass | areas with
the goal of returning visibility to natural con

possible to achieve natural visibility conditions at NOCA by 2064, the plan proposes a glide path to
reach natural conditions by 228Visibility monitoring at NOCA needs to continue so that NPS can
track progress in achieving the goals of the Regional Haze Program.

Nitrogen and Sulfur Deposition

The Cummings et al. (2014) report summarized N critical loads information applicabéeRacific
Northwest and identified and prioritized additional data ndedstder to improve critical loads
estimates for NOCAmnoreinformation is needed about both the amount of deposition and the
sensitivity of AQRVSs. Most of the deposition data flee Pacific Northwest are from low elevation
NADP monitors. There is a need for fiseale estimates of total deposition in complex terrain,
particularly at higher elevation8. NADP subcommittee is addressing the nationwide need for better
total depositio 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 Northvegsicific AQRV data to establish critical loads

for lichens.Current studies at NOCA are investigating the effects of N deposition on soils and alpine
and subalpine vegetatigbarlene Zabowski and Anna Simpson, University of Washingt®esults

are expected in 2015. Also, as part of its kegn monitoring progma, NPS is monitoring S and N
concentrations in, and aeginsitivity of,6 NOCA lakes. A 20182015 nutrient enrichment

experiment folloving up on theSheibley et al. (2014tudy to investigate phosphorus versus N
limitation in park lakes, identify levelsf N that cause changes in diatom species composition, and
determine if there anghytoplankton species unique to high elevation Pacific Northwest lakes that
may be indicators of nutrient enrichment effgd@son Williams and Marc Beutel, Washington State
University).

Ozone
If ozone concentrations at monitored locations in Washington state increase significantly in the
future, ozone monitoring should beirgtiated at NOCA.

PBTs

More information is needed about the amount of, and trends in, depositigneofd other PBTs at
NOCA. To better understand the extent of PBT occurrence and bioaccumulation, data should be
collected from numerous locations throughout the park. Additional information is also needed about
wildlife health thresholds and sensitivielstages for a number of pesticides and other PBTSs; at
present, information is limited to a handful of chemicals and speéciasrent stug is measuring

Hg concentrations in dragonfly larvelem NOCA and several other parks nationwi@esults from

reaent Hgstudies will inform future research needs.
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Climate Change

It is not clear how climate change will affect air pollutant concentration and deposition in NOCA. A
recent comparison of 1993001 and 20032009 plot surveys indicates that increasing teapee

and lower relative humidity have already changed Pacific Northwest lichen communities (Linda
Geiser, USFS Pacific Northwest Region Air Program, unpubl. data). Changes in precipitation amount
and timing could affect deposition and concentrations df, &nd PBTs. Increased temperatures

might change the rate of Hg methylation, resulting in increased bioaccumulation in fish and other
species. Changes in agricultural practices in response to weather patterns or pests could result in
additional pesticideeposition in the park. Increased summertime temperatures may lead to higher
ozone levels (USEPA 2009).

Black carbon, a component of soot particles, contributes to global warming by absorbing sunlight,
thereby heating the atmosphere. When black carbagpigsited on snow and ice, melting

accel erates. Bl ack carbonds effects are particu
(USEPA 2012). A current study is measuring black carbon concentrations in snowpack and

snowmelt at NOCASusan Kaspari, Cénal Washington University)urther research is needed

regarding the effects of black carbon on snowpack and glaciers in the park.
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4.2 Lake Water Quality
(Robert L. Hoffman, US. GeologicalSurvey, 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 surrovaitgirsiheds and

are influenced by varying conditions of the local and regional environmargon 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 anddiscape level. The physical, chemical, and biological
characteristics of lakes (water quality) can be affected by natural disturbances such as fires,
catchment vegetation succession, increases in inputs of sediment and detritus, and species invasions.
Theyalso can be susceptible to disturbances of human origin including atmospheric deposition of
nutrients and pesticide€érpenter et al. 1998he presence or introduction of invasive aquatic biota
(Boersma et al. 2006); climate change (McKnight et al6198lliams et al. 1996Murdoch et al.

2000) and other anthropogenic stressors such as timber harvest, road building, livestock grazing, and
recreational activitiesSchindler 1987Spencer 1991)

Documenting and monitoring the status and trends iméter quality of lakes in protected

landscapes such as wilderness areas and national parks is important because these landscapes often
comprise ecosystems least affected and modified by anthropogenic disturl@sieesn@d Landres

1996. North Cascades Nahal Park Service Complex (NOCA) recently implemented a program for
thelongt er m moni toring of the par ko6 Rawhoysereeta. ¢ ec oSy s
2012. NOCA has at least 301 confirmed lakes, although aerial photo interpretation afkhe p

complex indicates that there could be as many as 561 lakes (Rawhouser et al. 2012:Table 1.4); and
Weber et al. (2009ndicated that there are 530 lakes in NOCA. Many of the lakes are relatively

small: 294 of the 301 lakes are <45 ha (median size:l@a3fange: 0.00389.3 ha);7 lakes are >45

ha. In an unpublished report to NOCA, Lomnicky et al. (1989) catalogued the surface areas and
elevations of 161 lakes and the relative depths of 74 |&kgsre10); these data are summarized in

Table 4.

The primary objectives of this lake water quality assessment are to: (1) estimate the overall general
trophic status of NOCA lakes; (2) determine average concentrations of cations, anions, acid
neutralizing capacity, conductivity, pH, and dissolved oxygen; (8rilze the relative distributions

of zooplankton and macroinvertebrates that inhabit NOCA jadde$ (4) summarize results reported

in Rawhouser et al. (2012:Appendix @y NOCA lakes of management concern ranked relative to
their potential level of riskf impairment.
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Lake Water Quality Sample Sites 2006 - 2010

Figure 10. Distribution of NOCA lakes sampled 2006i 2010 (see Figure 11 for key to 5th field HUC
watershed boundary colors).

Table 4. Area, elevation, and relative depths of listed lakes, North Cascades National Park Service
Complex, Washington (Lomnicky et al. 1989, unpublished report).

Parameters n Mean Mode Range
Area (ha) 161 4.8 0.1 00.17 65.1
Elevation (m) 161 1565 1388 41217 2127
Relative depth (m) 74 6.0 2.0 17 30
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4.2.2 Approach

Trophic Status

A database containigoncentrations of chlorophyll a (CHLA
tot al phosphorus (TP ¢€g/ L)through2008. The databade f or | ak e
comprised 66 CHLA measurements (representing 30 lakes; 23 sampled ésampled in 2 s,

andl sampled in 3 yrs); and 47 TN and TP measurements (32 lakes; 26 sampled it sgegied

in 2 yrs, and sampled in 3 yrs). Descriptive statistics (mean, standard deviation, median, and range)
were determined for each parameter. Nitreghosghorus ratios were also calculated for 32 lakes.

Cations and Anions

A database contai ni ngb5dtatioes (GAoki,Mg’hNaf MH,Yaod3s (eeq/ L
anions (Cl, NO5', SQ) was created for lakes sampled primarily in August and Septemifér, 20

through 2009. The database comprised 50 measurements representing 31 lakes for each parameter:

25 lakes were sampled in 1 yrlakes were sampled in 2 yrs; ahthkes were sampled in 3 yrs.

Descriptive statistics (mean, standard deviation, mediarrzenye) were determined for each

parameter. Water samples were primarily collected from lakedeidh.

Acid Neutralizing Capacity, Conductivity, pH, and Dissolved Oxygen

A database was created for measur e memtcsvityof aci d
( COND, €S/ cm), pH, and dissolved oxygen (DO, mg
and September, 2006 through 2010. Descriptive statistics were determined for each parameter. The
database comprised 52 measurements for ANC, CONDpldmdpresenting 37 lakes: 26 lakes were

sampled in 1 yr7 lakes were sampled in 2 yrs; asithkes were sampled in 3 yrs. Water samples

were primarily collected from lake midepth. The database also comprised 23 measurements for DO
representing 17 lakeAnalysis was performed on water samples collected from the near surface and

near bottom of each lake.

Zooplankton and Macroinvertebrates

Analysis of zooplankton taxa distribution was based on samples collected from 2006 through 2009,
and the results wekmpared to summaries of the results of Deimling et al. (1997), Liss et al.
(1998), and the 2009 Annual Report for North Coast and Cascades Network Core Mountain Lake
Study Sites (Fradkin et al. 2012).

The distribution of macroinvertebrate taxa in NOCRds was based on samples collected from
1997 through 2009. These results were compared to results of a previous study by Hoffman et al.
(1996).

Lakes of Management Concern

Resuts of the ranking of lakes of management concern in Appendix D of the NCCNQWality
Monitoring Protocol (Rawhouser et al. 2012) were summarized to elucidate the potential level of risk
of NOCA lakes to impairment.
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4.2.3 Reference Conditions and Comparison Metrics

Trophic Status

The trophic status olfweightof ligirg bioldgisal ntbeerali (bioenass) ma it h e
waterbody at a specific |l ocation and timeo (Car
biological productivity of the waterbody. Carlson (1977) created a trophic state index (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 include oligotrophic (low produgtiwigsotrophic (intermediate
productivity), eutrophic (high productivity), and hypereutrophic (very high productivity). The

estimated trophic status of NOCA lakes was assessed by comparing the concentrations of CHLA, TP,
and TN with concentrations deterrathfor 30 Washington lakes as part of a collaborative national

lakes assessment (B&cKinnon 2010). Nitrogen and phosphorus limitation in NOCA lakes were

also assessed using the ratio of dissolved TN to dissolved TP concentratiel{R®58 Correll

1999). The ratio of dissolved inorganic nitrogen (DIN) to dissolved total phosphorus (DTP)

concentration, considered to be a more accurate representation of nitrogen and phosphorus limitation

in lakes (Morris and Lewis 1988ergstrom 2010), was not usedthis analysis because

concentrations of nitrateitrite were not available for calculating DIN (N®IO, + ammonia). Lakes

with a ratio of <7 were classified as nitrogen limited; lakes with a ratio of >15 were classified as
phosphorus limited; and lakestiva ratio of 7 to 15 were classified as intermediate (i.e., either

nitrogen or phosphorus limited or both; OECD 1982).

Cations and Anions

The chemical composition of lake water is fundamentally a function of climate and basin geology.
This composition cmprises, in parts major cations (C&, K*, Mg®*, Na', NH,") and3 major anions

(CI', NO5', SQ7), which are essential for the occurrence and persistence of lake biota.
Concentrations of these ions in a lake are generally the result of watershedssmil anal

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 within a lake watershed or of potéitases of perturbation (such as atmospheric
deposition of pollutants) from more remote locations. The assessment of cation and anion
concentrations in NOCA lakes was accomplished by comparing them to concentrations reported by
Clow et al. (2002) and BeNcKinnon (2010).

Acid Neutralizing Capacity, Conductivity, pH, and Dissolved Oxygen

Acid neutralizing capacity, conductivity, pH, and dissolved oxygen are also important constituents of
lake water quality and useful indicators of lake conditiontzmith. Their assessment was
accomplished by comparing the 2006 through 2010 results with results reported by Landers et al.
(1987; ANC), Larson et al. (1999; COND, pH), Clow et al. (2002; COND, pH), NPS (2009; ANC),
and Mount Rainier National Park (MORA®88 2001 unpublished dat€ OND, pH, DO).

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 integritykjhis.et al. 2000
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Hawkins and Carlisle 2001) and ecological quality (Clarke et al. 2003) of freshwater ecosystems.
Zooplankton distribution and occurrence was compar@dtevious studies of rotifer (Deimling et

al. 1997) and diaptomid copepod (Lisskt1998) distributions in NOCA lakes, and a recent NPS
report (Fradkin et al. 2012) on zooplankton assemblag@8IiDCA lakes that are part of the North
Coast and Cascades Network Mountain Lake Monitoring Protocol. The assessment of
macroinvertebrates saaccomplished using comparison with other studies such as Hoffman et al.
(1996), Lafrancois et al. (2003), Fureder et al. (2006), and Oertli et al. (2008).

Lakes of Management Concern

As part of the development of the NCCN Water Quality Monitoring Pro{@tawvhouser et al.

2012), a ranking process was developed to estimate the level of NEX®A lakes to impairment.

Initially, a list of lakes of management concern was created based on professional opinion as well as
any lakes that were 303d listed untiee Clean Water Act (CWA). The ranking metrics were: (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. 200Aable 1.12, p. 26); (2) streams that drain from watersheds
classified as being at a high risk of impairment during the watershed assessment (Rawhouser et al.
201223 24); (3) waters ranked at a high risk level in the informed risk assessment (Rawhouser et al.
2012Table 1.24, p. 43); and (4) water bodies within MORat receive water from any of the above
sources, even if those sources are outside park boundaries.

4.2.4 Results and Assessment

Trophic Status

Trophic state class concentration thresholds for CHLA, TN, and TP (Table 5) were used to assign
NOCA lakes smpled at least once between 2006 and 200004 trophic state classes. Based on
concentrations of CHLA, 100% of the lakes sampled (n = 30) could be classified as oligotrophic
(Table 6). This is a relatively important result because CHLA concentratmnsidered to be a

better predictor of algal biomass, and by proxy productivity and trophic state, than TN or TP
(Carlson and Simpson 1996). Based on TN concentrations, 97% of the sampled lakes (n = 32) could
also be classified as oligotrophic; wherdzssed on TP concentrations, 56% of the lakes sampled (n

= 32) could be classified as oligotrophic, with the remainder of lakes classified as mesotrophic (22%)
and eutrophic (22%) (Table 6). Compared to values foBthdices calculated for 30 neOCA
Washington lakes (BelMckinnon 2010), the mean concentration of CHLA is 28 times lower in

NOCA lakes than the mean concentration of CHLA in the NQTCA lakes;8 times lower for TN;

and equivalent for TP (Table 7). These differences in mean concentraspasjally for CHLA and

TN, indicate that NOCA lakes, in general, are relatively low in productivity compared to the non
NOCA lakes.

Lake productivity can also be expressed as the ratio of nitrogen and phosphorus concentrations (N:P)
in lake water sampleslitrogen and phosphorus are necessary elements that promote and support
algal 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 growtre ®hmiting element

is exhausted, algal growth ceases; however, algal growth and expansion would resume if additional
amounts of the limiting element were added to the waterbody. Of the 32 NOCA lakes for which N:P
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ratios could be calculated, 21 (66%) wdetermined to be nitrogen limit€d ratio: 3; mode: 4;
range: 16); 3 (9%) were phosphorus limited (ratio: 23; mode: 18; range: 183); and8 (25%)
were intermediatex( ratio: 12; mode: 15; rangei 15).

Table 5. 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 0.357 <0.75 107 <25
Eutrophic 71 <30 0.7571 <1.4 257 <100
Hypereutrophic 030 01. 4 0100

Table 6. Number of NOCA lakes in each of 3 lake trophic classes based on measurements for chlorophyll

a (CHLA), total nitrogen (TN), and total phosphorus (TP) concentrations (20067 2009).

CHLA TN TP
Class (n =30) (n=32) (n=32)
Oligotrophic 30 31 18
Mesotrophic 1
Eutrophic 7
Table7. Descriptive statistics: concentrations of
phosphorus (eg/ L) for ™N0AndWadhiagion @Vanekds satplet th QE7°.
Parameter Metric NOCA WA Lakes
Chlorophyll a n lakes 30 (66)° 30
X (SD) 0.21 (0.23) 5.86 (6.1)
median 0.12 191
minimum 0.007 0.15
maximum 111 26.08
Total Nitrogen n lakes 32 (47)b 30
X (SD) 0.05 (0.05) 0.41 (0.38)
median 0.04 0.21
minimum 0.01 0.03
maximum 0.36 2.62
Total Phosphorus n lakes 32 (47)b 30
X (SD) 15.6 (20.1) 18.4 (25.02)
median 7 7
minimum 2 1
maximum 96 190

Bell-McKinnon, M. 2010. An assessment of Washington lakesi National Lake Assessment Results.

Department of Ecology, State of Washington, Publication No. 10-03-029. 57 p.

® number of measurements
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Cations and Anions

Water for the analysis of the concentrations of cations and anions was collectedveamaim
depth from 31 NOCAakes sampled at least once, 2006 through 2009, and compared to
concentrations calculated for 30 RNIDCA Washington lakes (BeNicKinnon 2010) (Table 8).
Mean values for all ions except NH4+ in NOCA lakes were f2am53 times lower than mean
concentrabns for ion concentrations in the nIOCA lakes; the mean values for NHA NOCA
and noANOCA lakes were similar. When compared to mean ion concentratiémsitional parks

in the western United States (Clow et al. 2002), NOCA mean concentrationwittenethe range of
values for lakes sampled in the other parks: (1)N&', and NH" in NOCA lakes were similar to the
other park mean concentrations; (2) @d NQ' mean concentrations in NOCA lakes were in the
lower range of values; and (3) €aMg®*, and SG* mean concentrations in NOCA lakes were
within the midrange of mean values determined for the other parks (Table 8).
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Table 8.

Descriptive

statistics:
(2007)%, and 6 national parksb in the western United States sampled in the fall of 1999.

C 0 n ¢ e n DCAdlakes ¢20061 2@09; mid-depth),oNfashingion VAplakéso n s

lon Metric NOCA WA (2007) GLAC LAVO ROMO SEKI YELL YOSE
ca* n lakes 31 (50)° 30 4 7 22 20 6 9

X (SD) 156.4 (195.8)  373.3(392.7) 307.6 26.2 67.3 57.8 453.2 29.1

median 110.4 184.6 239.3 10.4 62.3 55.4 319.8 26.9

range 07 1323.8 2711785 26.41725.5 5091828  284i140.2 11.4i177.1  99.811196.6 6.4i61.8
K* n lakes 31 (50)° 30 4 7 22 20 6 9

X (SD) 4.3 (4.1) 43 (216.9) 3.0 4.4 3.6 3.3 203.8 3.7

median 3.6 10 3.0 4.4 3.1 3.0 47.5 2.8

range 07 223 2.61 2034.4 2.2i3.7 1.51 8.9 2.0i 8.4 1.816.4 4.17 908.6 2.2i8.4
Mg n lakes 31 (50)° 30 4 7 22 20 6 9

X (SD) 33.0 (55.8) 321.7 (497) 157.5 20.4 16.9 5.5 135.6 4.8

median 21.2 101.2 129.6 15.6 15.6 3.7 74.0 4.1

range 07 367.1 74.912893.2 20513505 5.7i56.7  8.2i46.9 1.6113.9 26.3i428.7 1.619.8
Na* n lakes 31 (50)° 30 4 7 22 20 6 9

X (SD) 21.4 (15.1) 603.3(3720) 10.4 15.1 25.9 19.2 301.4 17.6

median 17.4 114 10.5 8.4 10.5 19.4 110.3 16.4

range 3.27 81.8 35.27 34654 4.2116.6 6.7i36.4  7.9i97.3 4.37 48.2 11.71 925.6 6.3i 27.5
NH," n lakes 31 (50)° 30 4 7 22 20 6 9

X (SD) 1.6 (2.6) 0.55 (1.11) 00. 5 0.6 00. 5 0.6 0.7 00. 5

median 0.21 0.55 00. 5 00. 5 00. 5 00. 5 00. 5 00. 5

range 07 10.1 0557 3.9 00115 00118 00i3® 00142 o0i2% 00143
cl' n lakes 31 (50)° 30 4 7 22 20 6 9

X (SD) 4.3 (2.2) 226.8 (1052.4) 1.8 25 2.2 1.9 403.6 1.7

median 3.8 54.4 1.7 2.6+ 1.9 1.4 16.8 1.7

range 157 11.7 10.71 9787.9 1.0i 2.8 1.7i2.9 1.316.9 0.9i 6.2 3.311938.6 0.712.5
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Table8. Descriptive statistics: concentr adkes@2008 2@09; mid-depth),oMashingion VAplakéso n s
(2007)%, and 6 national parksb in the western United States sampled in the fall of 1999 (continued).

lon Metric NOCA WA (2007) GLAC LAVO ROMO SEKI YELL YOSE
NO5' n lakes 31 (50)° 30 4 7 22 20 6 9
X (SD) 0.2 (0.5) 0.8 (4.03) 2.0 00. 3 43 0.9 1.4 0.7
median 0.0 0.16 1.7 00. 3 1.9 00. 3 0.5 00. 3
range 0i 1.8 0.167 35.9 00 14% 00. 3 00118.4 00183 00153 001653
S04 nlakes 31 (50)° 30 4 7 22 20 6 9
X (SD) 36.2 (37.5) 281.5 (1979.7) 21.8 4.0 25.7 9.1 646.9 5.8
median 29.8 28.1 17.2 2.3 21.9 6.7 30.3 3.8
range 0i 236.1 2.717 18727 4.3i48.6 0.6116.4  12.8165.9 1.2141.1 4.1i 2937.3 1.7113.2

#Bell-McKinnon (2010)

®Clow et al. (2002); water samples were collected from the epilimnion; GLAC = Glacier N; LAVO = Lassen Volcanic NP; ROMO = Rocky
Mountain NP; SEKI = Sequoia and Kings Canyon NPs; YELL = Yellowstone NP; YOSE = Yosemite NP

“number of measurements
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Acid Neutralizing Capacity, Conductivity, pH, and Dissolved Oxygen

Water for the analysis of acid neutralizing capacity (ANC) was collected ataximum depth

from 37 NOCA lakes sampled 2006 through 2010. Mean ANC concentration was 1688/ L

(range: 711772 . 4 e€eq/L). According to Landers et al
has often been used as a threshold for separatingacsitive lakes from lakes less sensitive to

acidic deposition. Twentypine of the 37 lakessampleda d ANC concentrations <2
ANC concentration O100 g£eq/L has also been iden
become increasingly negatively affected by acidic deposition and acidification (NPS 2009). Four

major levels of impaatoncern include Severe, Elevated, Moderate, and Low (Table 9). Just over

50% (n = 19) of the 37 lakes sampled have ANC concentrations that classify them as being of Low
concern for negative ecological effects to freshwater biota; 43% can be classifeadgasfb

Moderate (n = 8) and Elevated (n = 8) concern; and ®fdites can be classified as being of Severe

concern for negative ecological effects.

Mid-maximum depth mean values for COND and pH of 37 NOCA lakes sampled 2006 through 2010
(Table 10) were@mpared to: (1) mean values of 58 NOCA lakes sampled 1989 through 1993

(Larson et al. 1999); (2) mean values of 21 to 25 MORA lakes sampled 1988 through 2001

(unpublished data); and (3) mean values determined by Clow et al. (2062)dtonal parks intte

western United States. The NOCA and MORA mean values for COND were equivalent, ranging
from 22.5 to 26.6 €S/ cm; pH mean values were al
to mean COND and pH calculated for the otherestern US national pes, COND in NOCA lakes

was most similar to the mean COND of thiakes sampled in Glacier National Park; pH was

circum-neutral, ranging from 6.6 to 7.4 (Table 10).

Near surface and near bottom mean concentrations of DO in 17 NOCA lakes sampled 2@®6 throu
2010 were compared to mean concentrations in MORA lakes sampled 1988 through 2001 (Table 10).
The mean values were similar between2iparks, although NOCA values were slightly higher, and
ranged from 7.3 to 10.0 mg/L (near surfaces 9.1 mg/L) and 7.0 to 10.0 mg/L (near bottam;

8.9 mg/L).
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Table 9. Assignment of 37 NOCA lakes sampled 20067 2010, to 4 categories based on ANC concentrations (NPS 2009). The categories represent
of concern and potenti al negative ecological efafioe.cts to

evel

S

freshwat el

Level of
Concern

[ANC]

Ecological Effects

Lakes

Severe

Elevated

Moderate

Low

0i20

2015 0

501100

>100

€ e (g / Acid-tolerant species begin to outnumber acid-sensitive

€eq

€

e (

species, although almost all biota show some level of
negative effects. Many species are greatly reduced in
population size, and species composition and community
richness are greatly reduced.

Increase in negative effects on fitness and recruitment of
acid-sensitive species. Loss of these species often results
in distinct decreases in species richness and composition,
although overall community abundance and productivity
remain high. Short-term stress due to episodic acidification
increases for many species.

Fitness and recruitment in acid-sensitive species declines.
Community diversity may decline due to effects on these
species. However, there is generally minimal change in
community abundance, productivity, and health.

€ e ( Biota generally not harmed.

LS-05-01, MC-17-02

LS-12-01, M-12-01, M-14-01, MC-03-01, MC-10-01,
MC-27-01, MM-11-01, MS-04-01

LS-01-01, LS-07-01, M-04-01, M-07-01, MA-03-01,
MC-20-01, MR-01-01, MR-12-01

DD-01-01, EP-06-01, EP-11-01, FP-09-01, HM-03-01,
LS-02-01, LS-06-01, M-11-01, MC-14-02, MC-28-01,
ML-02-01, MR-05-01, MR-09-01, MSH-02-01, PM-01-01,
PM-12-01, RD-02-01, SM-02-01, SM-02-02
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Table10. Descriptive statistics: val ues dygen(ngh)indNOCA lakesisampled(2@0& 20LNNQCApP H,
lakes sampled 1989i 1993% MORA lakes sampled in August 1988i 2001°, and in 6 national parks® in the western United States sampled in the fall
of 1999. Conductivity and pH measurements were from mid-maximum depth samples; dissolved oxygen measurements were from near surface
(ns) and near bottom (nb) samples.

NOCA NOCA MORA ns MORA nb
Index Metric (20061 2010) (19891 1993)  (1988i2001)  (1988i2001) GLAC LAVO ROMO SEKI YELL YOSE
conductivity n lakes 37 (52% 58 21 (309 21 (289 4 7 22 20 6 9
X (SD) 26.8 (28.3) 24.2 (29.4) 22.9 (16.6) 22.5 (16.6) 44 .4 7.0 12.2 9.0 201.3 6.2
median 18.5 19.1 16.5 30.9 4.4 12.2 8.8 127.1 5.6
minimum 4.4 1.9 5.4 4.8 6.1 3.1 6.3 3.1 21.0 29
maximum 176.4 156.9 70.2 73.7 109.7 17.0 23.9 21.0 711.0 103
pH n lakes 37 (529 58 25 (43°%) 24 (44°%) 4 7 22 20 6 9
X (SD) 6.8 (0.6) 7.0 7.0 (0.53) 6.7 (0.68) 7.4 6.7 6.9 6.8 7.2 6.6
median 6.8 6.95 6.53 7.4 6.7 6.8 6.9 7.8 6.6
minimum 5.6 5.9 5.77 5.37 6.7 6.3 6.3 6.0 4.3 6.2
maximum 8.1 8.7 9.14 9.10 8.1 7.2 7.2 7.3 8.4 6.9
dissolved oxygen (ns)  n lakes 17 (23% 27 (45°
X (SD) 9.1 (0.8) 8.3 (0.97)
median 9.3 8.0
minimum 7.3 7.1
maximum 10.0 111
dissolved oxygen (nb)  n lakes 17 (239 24 (45°%
X (SD) 8.9 (0.9) 7.2 (2.2)
median 9.2 7.6
minimum 7.0 1.8
maximum 10.0 10.6

& Larson et al. (1999)
® MORA, unpublished data

°Clow et al. (2002); water samples were collected from the epilimnion; GLAC = Glacier N; LAVO = Lassen Volcanic NP; ROMO = Rocky
Mountain NP; SEKI = Sequoia and Kings Canyon NPs; YELL = Yellowstone NP; YOSE = Yosemite NP

4 number of measurements

and
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Zooplankton

Samples were collected from 31 NOCA lakes from 2006 through 2009. A total of 42 taxa (24 rotifers
and 18 crustaceans) were identified from 78 samples. Occurrence was relatively limited with 32 taxa
(76%) each present in <10 samples (and 14 of these telxgezsent in onlg sample), and 10 taxa
present in O10i62 ahaprédensinar(t taxa wayeethe rofifesatella chochlearis

(62 samples)eratella hiemalig51 samples), anBynchaetapp. (20 samples); the calanoid
copepodHesperodiaptmus kena(23 samples); the cladocer@hydorus sphaericu23 samples);

and the cyclopoid copepaddicrocyclops varicangl9 samples). Taxa distributions were also limited
with the maximum number of taxa/lake, n = 12, accounting for just over 28% oéatifiedld NOCA

taxa. The mean number of taxa/lake was 5.3 (mode = 3.0 taxa/lake; rab@¢ada/lake).

Macroinvertebrates

A total of 179 macroinvertebrate taxa were collected from 121 NOCA lakes sampled 1997 through

2009. These taxa representedLErel 2taxonomic groups (i.e., phylum to order) and 50 identified

families (Table 11). Occurrence and distributions were limited; for example: 92 taxa (51%) were

each collected from 011 | aXlakeseacl? 81d 24daxaa(13%)l 6 %) we
wereeach only collected frorh lake. The average number of taxa/lake was 34 (mode: 80 taxa;

range: 589).

Table 11. Macroinvertebrates collected from NOCA lakes, 19971 2009.

Level 1 Groups Level 2 Groups Number of Families

Arthropoda Acari

Turbellaria Turbellaria

Nematoda Nematoda

Nematophora Nematophora

Annelida Oligochaeta
Hirudinea 1

Mollusca Gastropoda
Pelecypoda

Crustacea Amphipoda 3

Insecta Coleoptera 2
Diptera 12
Ephemeroptera 7
Hemiptera 3
Megaloptera 1
Odonata 5
Plecoptera 6
Trichoptera 9

Lakes of Management Concern
Fifty-one NOCAlakes were identified as being of management concern (Rawhouse et al.
2012:Appendix D)Lake Chelarwasthe only303d listedake under the CWAonly the most
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northern part of Lak€helan is located within the southern boundary of NOB#&sed on informed

risk criteria (Rawhouser et al. 20T2ble 1.24, p. 4334 of the 51lakes (6%) were ranked as being

at minor risk of impairment (stressors are dispersed over a large area amdagseuld return to
reference conditions without implementing restoration activities if stressors ceaselly; akeks

were ranked as being at moderate (stressors are readily apparent and measureable, but with limited
spatial extent) or high (stress@® substantial and measureable, highly noticeable and affect a large
area) risk of impairmengight lakes were ranked as threaten@ld Gorge, Diablo, and Ross Lakes

are each >50 ha (124 ac) and are impoundments of the upper Skagit River; (2) LakaCiista

>50 ha; and (3) County Line Pond, Newhalem Ponds E, Newhalem Ponds W, and Thunder Lake are
each <50 ha.

Assessment

Examination of the trophic state of NOCA lakes based on concentrations of CHLA, TN, and TP
shows that lakes in the park are relatively low in productivity with low nutrient concentrations and
are, therefore, predominantly oligotrophic. This outcome islairto results determined for NOCA
lakes byClow and Campbell (2008A majority of NOCA lakes examined for nutrient limitation
were also found to be nitrogen limited.

Concentrations of cations and anions in mountain lakes are typically low, influenbadibyand
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 concentrationsumain lakes are generally considered to be

sensitive to atmospheric inputs and acidification (Skjelkvale and Wright £36& and Campbell

2008). NOCA lakes, based on their ion concentrations in this assessment and past studies (Loranger
et al. 1986Clow and Campbell 2008), are no exception to this widelyepted view. Although

NOCA lakes at present show conflicting limited shifts in concentrations of ions (Clow and Campbell
2008, and the results of this report), the lakes in the park complex remaeptiie to potential

future changes due to atmospheric deposition of pollutants, precipitation acidity and acidified
snowmelt runoff (Clow and Campbell 2008), and changes in local and regional climate (Hauer et al.
1997 Murdoch et al. 200Parmesan 2006

Measuring acid neutralizing capacity, conductivity, and pH is one way to characterize the acid
sensitivity of poorly buffered surface waters (Ontario Ministry of the Environment, NRGC

1981 Turney et al. 198@Radtke et al. 1998). Lakes with ANC&D ¢eceq/ L, COND <35 ¢ ¢S
pH <6.0 are considered to be sensitive to acidification (NRCC, Te8fhey et al. 1988.anders et

al. 1987). Up to 78% of the 37 NOCA lakes examined in this analysis had ANC (n = 29) and COND
(n = 26) values below the thredtidor each parameter, indicating that many of the lakes surveyed
are likely sensitive to acidification based on their ANC and COND levels. Conversely, 92% of the
lakes had pH values above the pH threshold for acid sensitivity. Clow and Campbell (2608)Tabl
also found that concentrations of alkalinity in NOCA lakes was abouhalfi¢he concentrations in
MORA lakes, indicating that NOCA lakes are even more sensitive to acidification than are MORA
lakes.
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Dissolved oxygen concentration is an importantavguality parameter integral for biotic

productivity in freshwater ecosystems and a primary indicator of the capacity of surface waters to

support aquatic life. In surface waters not naturally intended for salmonid production, such as the
NOCAlakesinth s anal ysi s, DO concentrations 06 mg/ L f
invertebrates and O8 mg/L for invertebrates ind
concentrations O5 mg/L to below the ucptpssme t hres
production impairment (Chapman 1986:31). The near surface and near bottom DO concentrations in
NOCA lakes are most often above upper threshold limits and therefore adequate for supporting both
invertebrate and vertebrate aquatic biota (DO comagon range 7.0 to 10.0 mg/L).

A total of 42 zooplankton taxa (24 rotifers and 18 crustaceans) were identified from NOCA lakes
sampled from 2006 through 2009. Their occurrence and distributions were limited, aléhaiuigle
taxa K. chochlearis, K. hiealis, Synchaeta spp., H. kenai, C. sphaericus, and M. valiceare
identified as relatively widely distributed. Fradkin et al. (2012) reported a total of 207tect#drs

and 13 crustaceans) fraddriNOCA core study lakes, with the rotifafs chochlearisandK. hiemalis
also the most widely distribute@ &énd4 lakes, respectively). Fradkin et al. (2012) also reported that
calanoid and cyclopoid copepodids and copepod nauplii were also widely distribtaedldkes).

For 66 NOCA lakes sampmel989 through 1993, Deimling et al. (1997) identified 41 rotifer taxa.
Similar to the results for the NOCA lakes sampled 2006 through 2009, rotifer occurrence and
distributions were limited. Over half of the taxa (n = 21) were each present in <7 lak&2%r{n =
13) were each present in ordlyr 2 lakes. Dominant rotifer taxa includé€bllotheca mutabilis
Conochilus unicornisKellicottia longispina andK. chochlearisandK. hiemalis Also during the
period 1989 thorough 1993, Liss et al. (1998) idiexdl 5 diaptomid copepod species from 27 NOCA
lakes. The most widely distributed species Wagenai(similar to the 2006 through 2009 results)
present in 22 lakes, followed biesperodiatomus tyrrelpresent in 12 lakes. The otl&species
(Hesperodaptomus arcticusHesperodiaptomus leptopusndHesperodiaptomus lintopivere each
present in only a few lakes. These results suggest that: (1) NOCA lakes are important habitats for
uncommon and rare species present in the park and perhaps in the Gaswgaleand (2) that the
species primarily contributing to zooplankton assemblage structure in NOCA lakes are relatively
stable. The primary contributing rotifer and crustacean zooplankton taxa in NOCA lakes are also
known to be common members of zooplamkassemblages in other western North American
mountain lakes (Larson et al. 2009).

The limited distribution of macroinvertebrates in NOCA lakes sampled 1997 through 2009 is similar
to their distributions in other relatively undisturbed and pristine nadnifkes. For example,

Hoffman et al. (1996) analyzed the distributions of macroinvertebrates in 41 NOCA lakes, 1989
through 1991. They identified 88 taxa representing 16 taxonomic groups, with 72% of taxa present in
8 or fewer lakes and 25% restrictedndividual lakes. Lafrancois et al. (2003) also recorded the

limited distributions of macroinvertebrates in 22 lakes in Rocky Mountain National Park and the
Indian Peaks Wilderness Area, Colorado. They identified 48 taxa of which 70% were présant in
fewer lakes and 22% were restricted.tor 2 lakes. This distribution pattern is similar in lakes of the
Austrian, Italian, and Swiss Alps. Fureder et al. (2006) sampled 55 alpine lakes in a large watershed
comprising the8 countries and identified 144xa; 67% were present Bor fewer lakes and 39%
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were restricted to individual lakes. Likewise, Oertli et al. (2008) sampled 25 cirque ponds in the
Swiss National Park, Switzerland, identified 47 taxa, and found that the macroinvertebrate
assemblages in¢ise ponds were species poor compared to lower elevation ponds. The results of
these studies indicate that the limited distribution of macroinvertebrates in NOCA lakes is not
unique, and that mountain lakes and ponds act as refugia for macroinvertebiatgsdf

distribution across these higher elevation landscapes. This pattern of distribution is associated, in
part, with: (1) variability in the dispersal ability of taxa; (2) the distance and connectivity (or
discontinuity) among lakes; (3) physical cheteristics of the lakbasin terrestrial environment; and
(4) the adaptation of many taxa inhabiting these lakes testeftbthermal andligotrophic
environments (Hoffman et al. 1996francois et al. 200 atalan et al. 20Q&-treder et al. 2006
Oertli et al. 2008). Research also indicates that the introduction efatos fish into naturally
fishless mountain lakes can negatively affect the presence and distribution of lake
macroinvertebratess well as zooplankton species (Parker et al. 2004pp et al. 200Knapp and
Sarnelle 2008Hannelly 2009).

Clow and Campbell (2008) examined the atmospheric deposition of inorganic nitrogen and sulfur at
NOCA. They found that wet deposition of inorganic nitrogen is highest in the vicinity of NOCA as
compared to the deposition at MORA. This deposition is due, in part, to anthropogenic sources in the
Puget Sound area (NPS 2002). Trend analysis also indicated, however, that inorganic nitrogen
deposition at NOCA was relatively stable. Clow and Campbel@i§Ztable 2) further determined

that the average wet deposition of sulfate at the NOCA National Atmospheric Deposition
Program/ National Trends Network site at Marbl em
at the NADP/NTN site at Tahoma Woods nBBlORA (4. 6 ¢e€eq/ L), but was hi
NADP/ NTN site within the MORA park boundaries (
are most likely declining as shown by a significant decrease in concentrations at Eunice Lake in

MORA, which is he site nearest upwind from a power plant in Centralia, Washington, where

emission controls were added in 2001. Potential effects of inorganic nitrogen and sulfate deposition
include episodic or chronic acidification, and, with respect to nitrogen, pessial eutrophication

or increased productivity. The primary influence on lake acidity appears to be melting seasonal
snowpack containing dilute, slightly acidic water, and episodic acidification is possible during rain
onsnow events, primarily in latggeng and early summer (Clow and Campbell 2008). The scale of

these episodes, however, is not known.

Conclusion

NOCA lakes are generally low in productivity and nutrient concentrations, and they are primarily
nitrogen limited (based on results for 32 1gkd$e lakes have low ion concentrations 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, ad many individual taxa tend to each be present in a relatively small number of lakes,
which act as refuges for numerous localized taxa occurring across the NOCA landscape. Overall,
NOCA lakes are predominantly oligotrophic with nutrient concentrationsaipiwell below the

upper threshold for this trophic state. At present, NOCA lakes can be rated as being minimally
disturbed by nosstochastic natural perturbations or human activitiesvever,51 lakes have been
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identified as being of management con¢camd17 of these lakes have been ranked as being at
moderate to high risk of impairment due to rstachastic natural perturbations or human activities;
8 lakes are considered threatened.

4.2.5 Emerging Issues

There are8 basic issues that have the poi@ntf affecting the present status and health of NOCA

lakes. Climate change continues to be a global, regional, and local threat to aquatic ecosystems, with
the potential of leading to chronically degraded water quality due to episodes of ¢hichated

stress related to changes in precipitation and temperature regimes (Hauer et al. 1997, Murdoch et al.
2000). Atmospheric deposition of nutrients (e.g., nitrogen, phosphorus, and carbon) and pollutants
(e.g., sulfate and mercury), primarily from nearby arlaations (e.g., Vancouver, Bénd Puget

Sound, WA), also have the potential of degrading NOCA lake water quality (Carpenter et al. 1998,
Mast et al. 2003). Because of their overall low buffering capacity, NOCA lakes tend to be susceptible
to acidificaton; 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 nutrientacfdeCascades Ecoregion lakes

based on the concentration of ambient TP (Table 230[1], p. 24; WDOE 2@0k2}x with TP
concentrations O10 eg/ Lildregé¢ansiodeuidd camldiLd gt o
whereas in lakes with concentratiors® € g/ L it i s recommended that |
initiated to evaluate lake characteristics for identifying potential sources of threat or impairment (if
any).Of the 32 NOCA lakes with documented TP measurements, 14 (44%) have TP concentrations
>10¢ g / The atmospheric deposition of mercury in NOCA lakes is also a concern because of the
long transport distances for this potentially toxic element. Although no mercury studies are presently
being conducted at NOCA, recent research at Mount RainigndhPark has shown that fish

sampled from a few small park lakes have exceeded mercury health thresholdsdatifigh

animals as well as for humans. A MORA study begun in 2012 is designed to determine the
magnitude and extent of this contaminatiorthdugh a relatively minor issue, the introduction of
invasive aquatic species (e.g., Brazilian Elodea, Eurasian Watermilfoil, New Zealand Mudsnail,
Zebra Mussel, and various fish species) into NOCA lakes is a potential threat to lake water quality.
The primary avenue for introduction is most likely accidental, with deliberate introduction being

least likely.

NOCA has implemented a lake monitoring program as part of the North Coast and Cascades
Network natural resources monitoring program. Six core NOC/Aslake included as part of this
monitoring effort. These lakes should continue to be monitored for 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 @HKes should monitoring indicate any changes in the status or trends of
water quality or the presence of invasive aquatic species in any of the core lakes being monitored.

4.2.6 Information and Data Needsi Gaps

The NOCA aquatic resources program has colkatsignificant amount of data for numerous lake
water quality parameters. It would be most expedient if these data were organized and consolidated
into a single database with categories or components for physical, chemical, and biological
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characteristicghat could be linked for analysis. It would also be useful for all site and sample labels
to be consistent for all years, and for the metrics of all measurements and concentrations to be clearly
identified and defined. In addition to continuing to colleter quality data from th@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 possiblegamgmattempt

should also be made to aadt data from NOCA lakes to examine the possible presenceludraie
contaminants and pollutants of local, regional, and global origin. Lake riparian disturbance surveys
have also been conducted at 33 lakes over multiple yearsi @000#); data collectimincludes

survey plot impact descriptions and qualitative shwarshore disturbance scores. These data should
be analyzed in the future using multivariate analysSisally, NOCA wetlands were inventoried in

1990, 1991, and 1994 (for example, see HolaresKuntz 1994). These inventories were designed

to identify and classify wetlands in the park complex, and document their floral characteristics. It
would be beneficial, if funding and time allow, for NOCA to consider more intensively sampling,
and perhps monitoring, a representative subset of these wetlands in the future.
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4.3 Stream Water Quality
(RobertL. Hoffman, US. GeologicalSurvey, FRESC)

4.3.1 Introduction

Streams and rivers are an integral part of thddeape of North Cascades National Park Service
Complex (NOCA). Their characteristics express variations in local conditions associated with
geology, geomorphology, hydrology, climate, and environmental stochasticity, and are useful
indicators of watershedtality and health (Naiman et al. 1992). Water quality comprises physical,
chemical, and biological constituents that express the overall health and condition of streams and
rivers. In the Pacific Northwest, streams and rivers are generally oligotrefdtive to nutrient

status, low in acid neutralizing capacity, high in chemical quality, and typically cool in temperature
(Welch et al. 1998). There are approximately 6500 km (4039 mi) of permanent streams and rivers in
11 NOCA watersheds (Figufel).

Watershed Boundaries (5th field hydrologic unit code)

Figure 11. North Cascades National Park Service Complex 5th field HUC watershed boundaries.
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4.3.2 Approach

Stream habitat attributes and the occurrence of bentic macroinvertebrates were used to assess the
condition of NOCA streams and rivers. Zyskowski@@preported the results of surveys conducted
1995 2004 that variously measured 25 physical stream and river attributes, and these results are
summarized as part of this assessment. The results of an unpublished NOCA report (Benthic
Macroinvertebrate Preclive Model Development and Site Assessment) describing the outcome of
the development and use of a predictive model based on the observed versus expected (O/E)
occurrence of benthic macroinvertebrates in stream and river survey sites are also sumspaed a
of this assessmerfiResuts of the ranking of wadeable steam and river catchments of management
concern identified in Appendix B and D of the NCCN Water Quality Monitoring Protocol
(Rawhouser et al. 2012) were summarized to elucidate the potemtibbfeisk of NOCA steams

and rivers to impairment.

4.3.3 Reference Conditions and Comparison Metrics

The results of both reports mentioned in 4.3.2 above have each contributed to the assessment of the
condition of NOCA streams and rivers. Results ofdtneam habitat surveys provide baseline
information about the variability of stream habitat attributes among the surveyed study reaches, and
are useful for the identification of general reference conditions against which the results of future
surveys candcompared. The O/E scores calculated for NOCA study reaches as part of the benthic
macroinvertebrate predictive model development and site assessment can be used to determine the
condition of surveyed sites accordingstoondition classes or quality ban(@Table 12).

Table 12. Biological condition quality bands for North Cascades Region streams. Labels and descriptions
follow those of the Australian River Assessment System program, Simpson and Norris 2000. O/E =
Observed/Expected. (Table from an unpublished NOCA report: Benthic Macroinvertebrate Predictive
Model Development and Site Assessment).

Quality

Band Label O/E Criteria Description

X Richer than reference  >1.213 More taxa than expected or mild organic enrichment

A Reference 0.83011.213 Expected number of taxa within the range found at 80%
of reference sites

B Below reference 0.5531 0.829 Fewer taxa than expected; potential water and habitat
impairment

C Well below reference 0.2761 0.552 Many fewer taxa than expected; substantial impairment of
water and habitat quality

D Impoverished <0.276 Few of the expected taxa remain; severe impairment

As part of the development of the NCCN Water Quality Monitoring Protocol (Rawhouser et al.

2012), a ranking process was developed to estimate the level of N€XGH wadeable stream and

river catchments to impairment due to human activities and chasgedated with water quality.

Initially, a list of streams and rivers of management concern was created based on professional
opinion as well as any streams and rivers that were 303d listed under the Clean Water Act (CWA).
The human activity metrics incled trail density, road density, road crossings/stream km, %
developed area, and number of mines within a watershed. Water quality associated metrics included:
(1) waters classified as impaired (Category 4, 4a, 4b or 5) from the 303(d) report that aremwithi

65



drain intoNOCA (Rawhouser et al. 201Pable 1.12, p. 26); (2) streams that drain from watersheds
classified as being at a high risk of impairment during the watershed assessment (Rawhouser et al.
201223 24); (3) waters ranked at a high risk levethe informed risk assessment (Rawhouser et al.
2012Table 1.24, p. 43); and (4) water bodies witN@CA that receive water from any of the above
sources, even if those sources are outside park boundaries.

4.3.4 Results and Assessment

Stream habitat atbutes were measured duriBglifferent surveys conducted 192%04

(Zyskowski 2006:5872). The purpose of the surveys was to characterize NOCA stream habitat, to
document the range of attribute variability among the surveyed reaches, and to creatal a gener
reference of conditions for future surveys. Twefing physical attributes were variously measured

at 127 sites during the survey period (Zyskowski 20063% Table 13 summarizes the results and
variability for 12 of the 25 physical attributes mea&sbin up to 85 sample reaches with gradients
<8% and reach |l engths 020 bankfull widths.

A predictive model based on benthic macroinvertebrate (BMI) occurrence was developed for
assessing the condition of NOCA stream sites (unpublished NOCA report). BBItalégcted from

95 reference sites and the results of the cluster analysis of the data were used t@icatiéyce

site groups with relatively different environmental attributes (Table 14). A total of 115 taxa were
collected from the 95 sites. Theost predominant and widely distributed taxa were Ephemeroptera,
Plecoptera, and Trichoptera (Table 15). Three Ephemeroaesigspp.,Drunella doddsij and
Rhithrogenass pp. ) were each distri but &dference gddps, sdof si t
Epeorus deceptvilsEp he mer opt era) and Chironomi dale were p
reference group. TreEphemeroptera taxa above were also the most abundant BMI collected. The
mean and range of the observed/expected)(§&r&res for all of the reference sites are presented in
Table 16; the scores are used to assign each site to a quality band, which defines the condition of the
site (Table 12). Mostn(= 86) of the reference sites were determined to be either in gooenede

condition (quality band A; unimpaired) or richer in taxa than expected for a site in unimpaired
condition (quality band X) (Table 16). O/E scores were also calculated for 62 test sites (Table 16); 50
sites were on NPS and USFS managed lands, ante$2vere on private or Washington Department

of Natural Resources (WDNR) managed lands. Feirtyof the test sites were determined to be

relatively unimpaired (quality band A), and 15 sites were assigned to quality band B, indicating some
potential wateand habitat impairment. Just over 50% of these sites were on privatéCxg

managed lands. Onlysite was determined to potentially have substantial water and habitat quality
impairment (quality band C), and this was a private/WDNR site. For all N@® 3RS reference

and test sites combined, 89% (129 of 145) of the sites were determined to be unimpaired or better
than unimpaired, indicating that NOCA stream sites are predominantly in relatively pristine

condition.
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Table 13. Variability of physical attributes measured in stream reaches with gradients <8% and bankfull

widths 020 bankfull widths. This table is Tabl e
Sample

Attribute size Mean SD Range
Elevation (m) 85 671.1 287.8 1371 1597
Gradient (%) 85 2.3 1.8 0.1i 7.97
Bankfull width (m) 85 16.2 8.6 2.2141.8
% Fines (<2 mm dia) 48 6.1 6.9 07 35.5
Dso substrate size (mm) 48 85.1 51.8 147 220
USFS pools/km* 58 11.1 7.6 0i 35
TFW pools/km? 27 20.8 24.8 2.51126.7
Residual pool depth (cm) 77 78.5 34.6 261 200
Maximum pool depth (cm) 77 115.5 47.4 331 300
USFS LWD/km 71 29.2 26.9 071102
TFW LWD/km 85 143.4 80.4 01403
Log jams/km 85 8.6 8.5 0i 30

'USFS Pacific Northwest Region 6, stream inventory protocol

“Northwest Indian Fisheries Commission i Timber Fish, and Wildlife Ambient Monitoring Program

protocol; LWD = large woody debris

Table 14. Summary of NOCA Reference Site Group environmental attributes. L = Low; M = Moderate; H
= High. (Summarized from an unpublished NOCA report: Benthic Macroinvertebrate Predictive Model
Development and Site Assessment).

Reference Site Group

Attribute 1
Number Sites 16
Elevation® L
Gradient M
Size? M
Glacial Influence® L

M

3
16
H
M
SiM
M

4
12
|

H
S
L

5
6
|

L
L
H

6 7
9 17
I L |
H L L
SiM MiL L
H M M

Ylow median = 270i 405 m; moderate median = 604i 716 m; high median = 1094 m

2small = 2nd order; moderate =3rdi4 t h

order; Il arge = O4th order

*median % glacial area in catchment: low = 17 3; moderate = 97 14; high = 257 30
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Table 15. Predominant benthic macroinvertebrate taxa in NOCA reference site groups. Frequency of

occurrence for each taxon is O75% of sites within ea
number of sites/group. ThisisTableli n t he unpublished NOCA report tit]l
Bent hic Macroinvertebrate Predictive Model Devel opme

Reference Site Group

1 2 3 4 5 6 7 8
Taxa Group Taxon Name (16) (15 ((16) (120 ®) (O A7 @
TURBELLARIA X X
OLIGOCHAETA X X X X
ACARINA X
EPHEMEROPTERA
Ameletidae Ameletus spp. X
Baetidae Baetidae spp. X X X X X X X X
Ephemerellidae Caudatella spp. X X
Drunella doddsii X X X X X X X X
D. X X
coloradensis/flavilinea
Seratella spp. X
Heptageniidae Cinygmula spp. X X X X X X
Epeorus deceptivus X X X X X X X
E. grandis X X X X X X
Rhithrogena spp. X X X X X X X X
Leptophlebiidae Paraleptophlebia spp. X
PLECOPTERA
Capniidae X X
Chloroperlidae X X X X
Neaviperla/Suwallia X
spp.
Sweltsa group X X X X X
Leuctridae X
Nemouridae Visoka cataractae X X
Zapada cinctipes X X X X
Z. columbiana X X
Peltoperlidae Yoraperla spp. X
Perlidae Doroneuria spp. X
Hesperoperla pacifica X
Perlodidae Isoperla spp. X X
Megarcys spp. X X X X X X
Taenioterygidae X X X X X
TRICHOPTERA
Hydropsychidae Arctopsyche grandis X X
Parapsyche spp. X X
Limnephilidae Ecclisomyia spp. X
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Table 15. Predominant benthic macroinvertebrate taxa in NOCA reference site groups. Frequency of

occurrence for each taxon is O75% of si tparantheséstarki n each
number of sites/ group. This is Table 1 in the unpubl i s
Bent hic Macroinvertebrate Predicti ve (chhtindied) Devel opment

Reference Site Group

1 Taxa Taxon 1 Taxa Taxon 1 Taxa

Taxa Group Taxon Name (16) Group Name (16) Group Name (16) Group
DIPTERA
Chironomidae X X X X X X X
Simuliidae X
Tipulidae Dicranota spp. X X

Rhyacophilidae Rhyacophila Betteni group

R. Brunnea/Vemna group X X X X X X
R. Hyalinata group X X X X X
R. Sibirica group X X
Uenoidae Neothremma spp.
Oligophlebodes spp. X

Table 16. Comparison of O/E values for reference and test sites. O/E = Observed/Expected. S.D. =
Standard Deviation (Table from an unpublished NOCA report: Benthic Macroinvertebrate Predictive
Model Development and Site Assessment). lWashington Department of Natural Resources.

Quality Bands

Sites n Mean  S.D. Range X A B C
All reference 95 1.02 0.14 0.71711.30 8 78 9

All test 62 0.91 0.16 0.53i11.26 46 15 1
NPS and USFS test 50 0.95 0.14 0.64i11.26 43

Private and State WDNR" test 12 0.72 0.12 0.53i0.94 3 8 1

One hundred thirggeven NO@ wadeable stream and river catchments of management concern
were ranked relative to risk of impairment based on the human activity metrics listed ifihs3.3
report) For an explanation of this process see Rawhousér @012Appendix B). Of these
catchmentst8 (49.8%0) were ranked as being of moderate (stressors are readily apparent and
measureable, but with limited spatial extent) to high (stressors are substantial and measureable,
highly noticeable and affect a g area) risk of impairment (Rawhouser et al. 2Afpgendix B).
Twenty-sevencatchments were ranked based on water quality associated mertrics also listed in 4.3.3.
Of these catchment$9 (70%) were ranked as being of moderate to high risk of impairraadtall

of thesecatchments wereanked as threatened (Rawhouser et al. Z#&ndix D).Only 1 of the
wadeable stream and river catchments of management cqNesvhalem Creekyvas 303d listed
under the CWA due to instream flow and its effext habitat.

4.3.5 Emerging Issues
There are a number of issues that have the potential of affecting lotic ecosystd&mdigclimate
changeatmospheric deposition, atige introduction of exotic and nonnative spe¢Malmaqvist and

69



Rundle 2002). Climi@ changeanalter precipitation patterns and the variability of precipitation

events; intensify the impacts of floods and droughts; and increase uncertainty in water quality,
guantity, availability, and the capacity for sustaining natural lotic ecosysterces (Covich 2009).
Altered flow regimedrom changes in precipitation pattensd the impact of climate change on

glaciers and snafall will affect the overall availability of water, potentially increasing demands for
water and conflicts related i3 use as well as complicating the ability of resource agencies such as
the NPS in managing aquatic ecosystems (Everest et al. 2004). Any future increase in the
atmospheric deposition of nutrients into lotic ecosystems will also alter water qualityeaindphic

status of streams and rivers, even in protected reserves such as national parks and wilderness areas
(Cole and Landres 199®lalmqvist and Rundle 2002). Finally, the accidental or intentional

introduction of exotic and nonnative species intalecosystems 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 quality characteristics of streams and rivers (Allan and Flecker 1993
Malmqvist andRundle 2002).

4.3.6 Information and Data Needsi Gaps

At present, NOCA has compiled physical habitat attribute data for approximately 127 streams and

rivers in the park. Data collection covers the periods 12984. The park has also developed a

useful BMI predictive model for future assessments of the water and habitat quality of NOCA

streams and rivers. NOCA will also participate in the NCCN water quality monitoring program. The
program sampling design includes up to 32 eligible wadeable streams in N6 ©AvWRich have

been designated as of highest priority) from which will be collected samples for 10+ water quality
parameters (Rawhouser et al. 2012). Benthic macroinvertebrates will be sampled as part of the
monitoring effort, and this will help increatitee NOCA benthic macroinvertebrate database and
enhance the parkdés ability to elucidate the dis
NOCA streams and rivers. Ultimately, the monito
effort, enhane consistency in data collection, and eventually create a database that can be used for
inferring the condition of streams and rivers throughout the park.
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4.4 Landscape-scale Vegetation Dynamics
(Andrea Woodwarénd Patricia Haggerty.S. GeologicalSurvey, FRESC)

4.4.1 Introduction

The mountainous terrain and compbgeology of NOCAcreate considerabiariation in soil types
and steep gradients of elevation, aspect, temperatudeprecipitationThe range of conditions
contributedo diverse plant lifeincluding aver 1381 vascular plant speci€¢Bivin andRochefort
2010).In general, vegetation of the Pacific Northwest is typified by productive coniferous forests,
with deciduous species restricted to frequently disturbed afgae @nd Kertis 1997Specifically

in NOCA, plant communities are rougtdistributedin an eastvest gradient reflecting the wetter,
maritimeinfluenced climate on western slopes; cold temperatures and persistent snow at high
elevations; anddrier, continental climate in the rainshadow on the eastern slbpe<ascade
Range iss wide in NOCA that the rainshadow begins west of the Cascade divide (Agee and Kertis
1987).Specifically, westside vegetation is characterized\bgsternrHemlock(Tsuga

heterophyllai WesternRedcedalThuja plicaf)i Douglasfir (Pseudotsuga menziediorests at low
elevations, PacifiSilver Fir (Abies amabilisforests at mieklevationsandMountainHemlock

(Tsuga mertensianat treeline Dwarf shrublandsconsistingprimarily of heather, and sparsely
vegetated alpine rocklands occur above tredmiglas and Bliss 1977kastside vegetation
includesPonderosa Pind>{nus ponderosg Douglasfir in the dry, southeast portion of the park,
Douglasfiri Lodgepole PineRinus contortdi Grand Fir Abies grandisforests at lower elevations
and SibalpineFir (Abies lasiocarpp Whitebark PineRinus albicauli$ or Subalpine LarchL@rix
lyallii) at treelineThe Ross Lake area is unique due to the juxtaposition of eastern and western
vegetation patterns on north versus south aspects (Agee and KertisRip&8ian areas and
wetlands, includingwampsfens and marshes occur throughout the park. Disturbance regime varies
by location, but major agents include landslides, avalanches, fires, floods, and wind€i@wisrd

et al. 2009.

In consultation withpark staff, wechose to focus on landscapeale vegetation dynamics, forest
health, and plant biodiversifyom the wealth of potential indicators of condition and trend of park
vegetationTo assess landscapeale vegetation dynamiose useda map of rationally defined
vegetation classes. To evaluate forest headtgssessed data regarding tree mortality due to
biological and physical agents; fire regime; effects of blister rusvVbitebarkPine; and potential air
guality effects. To describe the &ta and trend of biodiversitwe report what is known about the
spread of exotic plant species; the condition of wetlands and subalpine areas; and the status of
sensitive specie$Ve conducted these aryakes using the relevant ecological bounddoegach

topic rather than restrict the analyses to administrative boundaries.

Vegetation distribution has been responsive to climate change over geologsc#iae (Davis and
Shaw 2001) and is expected to respond as contemporary climate changetasd@ktsrson et al.

1997, Shafer et al. 20R1Shifts in vegetation distribution may be especially dramatic in mountainous
areas where steep environmental gradients create closely spaced ecoclines and ecotones (Guisan
al. 1995 Petersoret al. 1997Beniston 2003). Moreover, the islaitile distribution of subalpine and
alpine plant communities may limit the potential for migration to suitable areas. Changes in
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distribution will result from direct effects of climate on plant physiology, as well aeicttlir
through changes in snowpack, flow regime, soil moisture, phenology, competitsbaisturbance
regime(Mote 2003, McKenzie et al. 2004, Littell et al. 2008, Raffa et al. 2008 Mantgem et al.
2009) Changes in plant distribution will accordingd§fect other biotic components of ecosystems
through alteration of habitat conditions. Finally, vegetation changthbaotential to alter climate
change through feedback relationshipsvis et al. 1999Bonan 2008).

4.4.2 Approach

Because a -threuwwmt Whgd ®d uwnmaelget ati on map for N@EA has 1
Ecological Systems (ES) map from NatureServe (Canat.2003)to assess status of landscape

scale vegetation distributioES units are meant to describe ra@hle units (tens to thousands of

hectares), which is a scale thought to usefully inform conservation and resource management. They
are defined as Arecurring groups of biological
environments and are influete by si mi |l ar dynamic ecol ogi cal prc
(Comeret al.2003) and consist oaggregationsf plant associations (Rocchio and Crawford 2009).

ESs are meant to lmapable of being mappesing remote imagery and recognizable mfibld;

there are 599 ESs nationwide. Units are mapped in the Pacific Northwest at 30 m resolution with a
minimum mapping unit of 1 ha

Predictions regarding the effect of climate change on vegetation are usually developed for biomes at
the global scal¢e.g., Nielson 2005) and for communities or individual species at national (e.g.,
McKenney et al. 2007), regional (e.g., Rehfeldt et al. 2006), eresygibnal scales (e.g., Shafer et al.

2001). Biome models are generally too coarse to be informative patk 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, Rehfeldt et al. 2006) or growth (Littell et al.
2010) and biophysical varialdeOther models include a procéssed component to describe

presence or absence of a particular species (e.g., Coops and Waring 2011). Alternatively, species and
communities at risk due to climate change in the Pacific Northwest have also been ideytified

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 vegetation communities thought to
be vulnerable to continuing climate changkese assessments indicate whether changes seen in the
20th century are likely to continue and whether new shifts can be expected.

4.4.3 Reference Conditions and Comparison Metrics

We have no historic vegetation map that could be used as a reference conbddi@SDA Forest
ServiceLANDFIRE Program(Landscape Fire and Resource Management Planning Tools,
http://landfire.gov/vegetation.phpccessed November 20i#2pvides a Biophysical Settings map
layer to represerthe vegetation that may have been domianthe landscape prior to Edro
American settlemenHowever, this layer isonstructedisingquantitative statandtransition
modek describing succession and fire regimg not changes in climate

The metrics we used to summarize current vegetatidndeq1) current areal extent and map of ES
classes to describe current status of landssaplke vegetation patter(®) proportion each ES class
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contributes to total park area to identify classes that are significant to th€3)amoportion each
ESclass contributes to the national inventofyach ES to indicate the national significance of each
ES classand (4) he global conservation status of each ES class as determined by NatureServe to
indicate its global significanc&/e also provide@n ESR file geodatabase with the land cover
rasters that were used by NatureServe to develop the crosswalks.

4.4.4 Results and Assessment

Current Condition

The diversity of NOCA vegetation is evident in the environmental rengempassed by tf38 ES

classes present in the park (Table 17) which nest hierarchically in 14 National Vegetation
Classification (NVC) Macrogroups plsother classes (Table 17, Figur®. Classes include

maritime to Rocky Mountain forest types, low elevation Doudlaforests to subalpine forests and
meadows, and alpine meadows. The vegetation also includes a variety of wetland and rocky habitat
types. However, some of the classes may not be accurately identified based on their rarity in the park
and the unlikely exigince of the vegetation. Examples include the sagelmargiaining ESs 5257
Inter-Mountain Basins Big Sagebrush Shrublabdb4inter-Mountain Basins Big Sagebrush Steppe
5455Inter-Mountain Basins Montane Sagebrush Stegpe Dougladir Madrone Forest,rad ES
4222North Pacific Dry Douglagiri (Madrone) Forest and Woodlanghich occurs primarily in the

Puget Trough and Willamette Valley (Rocchio and Crawford 2009).

Of ESs present in the pakkare nationally significant in that more than 20% of théomai

inventory is in the park (Table 1; ESs 4226rth Pacific Maritime Mesic Subalpine Parkla®@60

North Pacific Avalanche Chute Shrublarfd57North Pacific Alpine and Subalpine Dry Grassland
and 3153North Pacific Montane Massive Bedrock, Cliffdamalug and more than 10% is thother
classes (ESs 520%orth Pacific Dry and Mesic Alpine Dwa8hrubland, Felfield and Meadow

and 3118\orth Pacific Alpine and Subalpine Bedrock and Scra# of these classes are limited to
the naturally rare hatat of north Pacific subalpine or alpine areas. None of the park ES classes are
globally threatened, b@tclasses are ranked between vulnerable (G3) and apparently secure (G4). Of
these 3 are wetlanetriparian classes that have trees or shrubs (ESs9aAb Pacific Lowland

Riparian Forest and Shrublgr@gll 73North Pacific Shrub Swamp@and 919Morth Pacific
HardwoodConifer Swamp 2 are forests (ESs 422¢orth Pacific Maritime MesidVet Dougladfir -
Western Hemlock Forefvestside], and 420&kastCascades Mesic Montane Mix€&bnifer Forest

and Woodlandeastside]), andl is a subalpine meadow class (ES 7157).

It is difficult to determine classes that are significant to the park based on vegetation maps alone
because some classes may be trulyaackothers may simply be misclassifications. Nevertheless,
wetlands are undoubtedly of management concern because they are identified as significant resources
in NOCA enabling legislation, they are vulnerable to climate change, and some classes have the
poorest global conservation status of any vegetation class in the park (G3G4). Several forest types
mayalsobe worthy of concern, but conifer forests on steep terrain are notoriously difficult to map
(Dorren et al. 2003) so other forms of information regag rarity of forest types is needed. The

subalpine meadow class ES 7157 is both globally and nationally significant, and is subject to
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invasion by Subalpine Fir when snowpack is low (Bivin and Rochefort, pers. comm.); consequently,
it may also be signifiant to park management.

Trend
We have no parkvide information to describe trends in vegetation pattern. When the NOCA
vegetation map is completed it will serve as a baseline for assessing future changes.

Predicted Changes

The most consistent conclusiati@wn from projections of changes in spatial distributions and
vulnerability of plant communities and species due to changing climate agree that subalpine, alpine,
and tundra communities and species will decline or disappear (Shafer et aN20€dn etal. 2005
Rehfeldt et al. 2006, Aubry et al. 2011, Coops and Waring, 2011) (Table 18). Aubry and others
(2011) also predict that wetland communities are vulnerable to climate change. Results are less
consistent for lower elevation species. Shafer and®{2€01) predict that the rangesbmfuglasfir
(Pseudotsuga menzigsiPacific Yew(Taxus brevifolid, Red Alder(Alnus rubrg, and maybe

Western HemlocKTsuga heterophyl)awill shift from west to east of the Cascade Range due to an
increase in the naa temperature of the coldest month. Other prediction@daglasfir 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 vulnerability (Rehfeldt et al., 200§y 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
of Rehfeldtet al.(2006) thaty 2090 most of the park will have a different biotic community than
today may be general enough to be accurate, although this may be more true of understory
communities rather than the lotiged overstory forest component.
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Table 17a. Areal extent of forest Ecological Systems (ES) vegetation classes in NOCA. Classes are grouped by National Vegetation Classification

(NVC) Macrogroup classes.

NCV ES ES NOCA % % ES Global
Macrogroup Class Code Vegetation Class area (kmz) Park nationally Status®
Vancouverian Lowland and Montane 4224 North Pacific Maritime Dry-Mesic 80.16 291 0.48 G4
Rainforest (westside lowland- Douglas-fir-Western Hemlock Forest
montane forest, NVC M024) 4226 North Pacific Maritime Mesic-Wet 45.59 1.65 0.21 G3G4
Douglas-fir-Western Hemlock Forest
4229 North Pacific Mesic Western 6.48 0.24 0.39 G5
Hemlock-Silver Fir Forest
4272 North Pacific Dry-Mesic Silver Fir- 467.38 16.96 4.67 G5
Western Hemlock-Douglas-fir Forest
4304 North Pacific Broadleaf Landslide 2.93 0.11 0.213 G5
Forest and Shrubland
Vancouverian Subalpine Forest 4225 North Pacific Maritime Mesic 431.46 15.66 20.63 G5
(westside high-elevation forest, NVC Subalpine Parkland
M025) 4228 North Pacific Mountain Hemlock 397.45 14.42 7.08 G5
Forest
Central Rocky Mountain Lower 4103 Northern Rocky Mountain Western 1.44 0.05 0.16 G5
Montane & Foothill Forest (eastside Larch Savanna
montane forest, NVC M017) 4205 East Cascades Mesic Montane 193.25 7.01 4.44 G3G4
Mixed-Conifer Forest and Woodland
4232 Northern Rocky Mountain Dry-Mesic ~ 61.92 2.25 0.07 G5
Montane Mixed Conifer Forest
4240 Northern Rocky Mountain Ponderosa 6.86 0.25 0.02 G5
Pine Woodland and Savanna
Californian-Vancouverian Foothill & 4222 North Pacific Dry Douglas-fir- 0.06 0.00 0.00 G4
Valley Forest & Woodland (NVC (Madrone) Forest and Woodland
MO019)
Rocky Mountain Subalpine & High 4104 Rocky Mountain Aspen Forest and 0.87 0.03 0.00 G5
Montane Conifer Forest (eastside Woodland
high-elevation forest, NVC M020) 4233 Northern Rocky Mountain Subalpine  151.11 5.48 0.71 G5
Woodland and Parkland
4237 Rocky Mountain Lodgepole Pine 5.40 G5

Forest
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Table 17a. Areal extent of forest Ecological Systems (ES) vegetation classes in NOCA. Classes are grouped by National Vegetation Classification
(NVC) Macrogroup classes (continued).

NCV ES ES NOCA % % ES Global
Macrogroup Class Code Vegetation Class area (kmz) Park nationally Status®
Rocky Mountain Subalpine & High 4242 Rocky Mountain Subalpine Dry-Mesic 51.89 1.88 0.12 G5
Montane Conifer Forest (eastside Spruce-Fir Forest and Woodland

high-elevation forest, NVC M020)

) 4243 Rocky Mountain Subalpine Mesic-Wet 103.67 3.76 0.39 G5
(continued)

Spruce-Fir Forest and Woodland

'GU, unrankable due to lack of data; G1, critically imperiled; G2, imperiled; G3, vulnerable; G4, apparently secure; G5, secure

Table 17b. Areal extent of grassland and shurbland Ecological Systems (ES) vegetation classes in NOCA. Classes are grouped by National
Vegetation Classification (NVC) Macrogroup classes.

NCV ES ES NOCA % % ES Global
Macrogroup Class Code Vegetation Class area (kmz) Park nationally Status®
Northern Vancouverian Lowland & 5260 North Pacific Avalanche Chute Shrubland 117.60 4.27 22.19 G5
Montane Grassland & Shrubland =~ 5557 North pacific Montane Shrubland 18.52 0.67 6.19 G5
(westside subalpine meadows, NVC
M172) 7157 North Pacific Alpine and Subalpine Dry 168.49 6.12 33.27 G3G4
Grassland
Southern Vancouverian Lowland 7162 North Pacific Herbaceous Bald and Bluff ~ 0.19 0.01 0.12 G4
Grassland & Shrubland (NVC M050)
Vancouverian Alpine Scrub, Forb 5205 North Pacific Dry and Mesic Alpine Dwarf- 22.33 0.81 10.20 G5
Meadow & Grassland (alpine Shrubland, Fell-field and Meadow
heather, NVC M101)
Northern Rocky Mountain Montane 7112 Northern Rocky Mountain Lower Montane, 26.05 0.94 0.16 G5
& Foothill Grassland & Shrubland Foothill and Valley Grassland
(eastside lowland grass- and
shrublands, NVC M048)
Great Basin & Intermountain Tall 5257 Inter-Mountain Basins Big Sagebrush 0.08 0.00 0.00 G5
Sagebrush Shrubland & Steppe Shrubland
(NVC M169) 5454 Inter-Mountain Basins Big Sagebrush 0.04 0.00 0.00 G5
Steppe
5455 Inter-Mountain Basins Montane 0.01 0.00 0.00 G5

Sagebrush Steppe

'GU, unrankable due to lack of data; G1, critically imperiled; G2, imperiled; G3, vulnerable; G4, apparently secure; G5, secure
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Table 17c. Areal extent of wetland Ecological Systems (ES) vegetation classes in NOCA. Classes are grouped by National Vegetation
Classification (NVC) Macrogroup classes.

NCV ES ES NOCA % % ES Global
Macrogroup Class Code Vegetation Class area (kmz) Park nationally Status®
Vancouverian Flooded & Swamp 9106 North Pacific Lowland Riparian Forest 2.94 0.11 0.06 G3G4
Forest (westside, NVC M035) and Shrubland
9108 North Pacific Montane Riparian 7.23 0.26 0.60 G5
Woodland and Shrubland
9173 North Pacific Shrub Swamp 0.41 0.01 0.08 G3G4
9190 North Pacific Hardwood-Conifer 3.73 0.14 1.46 G3G4
Swamp
North Pacific Bog and Fen (NVC 9166 North Pacific Bog and Fen 1.61 0.06 3.57 GU
MO063)
Western North American Montane 9265 Temperate Pacific Subalpine- 0.26 0.01 0.06 G5
Wet Shrubland & Wet Meadow (NVC Montane Wet Meadow
MO75)
Rocky Mountain & Great Basin 9155 Northern Rocky Mountain Lower 4.90 0.18 0.09 G5
Flooded & Swamp Forest (NVC Montane Riparian Woodland and
MO034) Shrubland
9171 Rocky Mountain Subalpine-Montane  0.09 0.00 0.01 G5
Riparian Woodland
Western North American Temperate 9260 Temperate Pacific Freshwater 1.88 0.07 0.26 G3G4

Lowland Wet Shrubland, Wet
Meadow & Marsh(NVC (M073)

Emergent Marsh

'GU, unrankable due to lack of data; G1, critically imperiled; G2, imperiled; G3, vulnerable; G4, apparently secure; G5, secure



Table 17d. Areal extent of rock Ecological Systems (ES) vegetation classes in NOCA. Classes are grouped by National Vegetation Classification
(NVC) Macrogroup classes.

NCV ES ES NOCA % % ES Global
Macrogroup Class Code Vegetation Class area (kmz) Park nationally Status®
Vancouverian Cliff, Scree & Rock 3155 North Pacific Montane Massive 155.11 5.63 20.96 G5
Vegetation (westside rock, NVC Bedrock, Cliff and Talus

M114)

Vancouverian Alpine CIiff, Scree & 3118 North Pacific Alpine and Subalpine 55.51 20.1 16.66 G5
Rock Vegetation(westside alpine Bedrock and Scree

rock, NVC M120)

Rocky Mountain Alpine Cliff, Scree & 3135 Rocky Mountain Alpine Bedrock and  4.78 0.17 0.06 G5
Rock Vegetation (eastside alpine Scree

rock, NVC M119)

'GU, unrankable due to lack of data; G1, critically imperiled; G2, imperiled; G3, vulnerable; G4, apparently secure; G5, secure

Table 17d. Areal extent of other Ecological Systems (ES) vegetation classes in NOCA. Classes are grouped by National Vegetation Classification
(NVC) Macrogroup classes.

NCV ES ES NOCA % % ES Global
Macrogroup Class Code Vegetation Class area (km2) Park nationally Status®
Other 1 Non-Specific Disturbed 11.67 0.42
11 Open Water 54.78 1.99
21 Developed-Open Space 0.29 0.01
22 Developed-Low Intensity 1.63 0.06
24 Developed-High Intensity 0.05 0.00
81 Agricultural-Pasture/Hay 0.04 0.00
2192 Recently Logged Timberland- 6.43 0.23
Shrubland Cover
2193 Recently Logged Timberland- 0.02 0.00
Woodland Cover
3130 North American Glacier and Ice Field 79.92 2.90
8602 Recently Logged Timberland 0.83 0.03

'GU, unrankable due to lack of data; G1, critically imperiled; G2, imperiled; G3, vulnerable; G4, apparently secure; G5, secure
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Figure 12. National Vegetation Classification Macrogroups found in NOCA.
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Figure 12. National Vegetation Classification Macrogroups found in NOCA (continued).
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Table 18. 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 Aubrey et al. (2011) refer to vulnerabilty. The &ébest & scenari o f assumddtrdeespeaiescan et al
di sperse from current | ocations while the 6éworsté scenario does not
Western Western
Washington United States North America

Risk assessment
(Aubry et al. 2011)

Range change
(Shafer et al. 2001)

Percent range
maintained Coops

Percent area change
(Rehfeldt et al. 2006

Percent area losbest
scenario (McKenney et al.

Percent area losw/orst
scenario (McKenney et al.

Metric & Source and Waring 2011) 2007) 2007)
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 -5.5 -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 125 -37.9
Thuja plicata Lower >50 16.2 -26.5
Tsuga heterophylla Lower >50 125 -29.2
Tsuga mertensiana Higher <50 8.8 -32.3

(20



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 compredeosisideration of 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 distributions, such as dispersal and
adaptation(Thuiller eal. 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 loss at coarse spatial scales can be fairlgdiceops
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 policgo that
modelscan be built to identify strategies to achieve the desired state through backcasting
(Sutherland 2006).

4.4.6 Information and Data Needsi Gaps

1 Using remotelysensed data is the most efficient means to analyze-3uadel changes in
vegetation structure ilarge national parks having challenging terr@pportunities to apply new
tools and higher resolution datasets are constantly emerging, however the costs of access to state
of the art imagery and the technical and computing skills required to dearsbysis tools may
continue to be limiting factors for resource managers.

1 Predictions on spatial and temporal scales relevant to national parks requitagett
monitoring or research and are generally lacking. These include predictions regardiresdhang
distribution of species and commuegas well as locations of potential refugia where species
might be assisted to migrate.addition topredicing species shiftsisingclimate envelopes, it
mayalsobe productive to forecast changes in ecoldgicacesses that may affect species
composition even in communities with letiged speciege.g., fire regime which could eliminate
fire sensitive species and reduce the carrying capacity of an area).
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4.5 Forest Health: Disturbance Regime
(Andrea Woodwarénd Patricia Haggerty.S. GeologicalSurvey, FRESC)

4.5.1 Introduction

The composition, structure and function of forest ecosystems are shaped by disturbanegsa(Dale
2001) in events that range in scale frertersive mortality over large areas.g.,fire) to small

pathes €.g.,localroot rot pockets)or the widespread decline of individual speceg,(insect
infestation). Events in the Pacific Northwest include fires, windstorms, ice stavalanches,
drought, landslides, floods, insects and pathogens, and speties$pies and Franklin 1989
Climate change is expected to change the severity, frequamtynagnitude of forest disturbances
(Daleet al.2001), which may accelerate alterations to tree species distribution expected from the
direct effects of kmate changéLittell et al. 2010)

Landscapsescale disturbances often have complicated dynamics, in some cases including critical
thresholds, feedback loops, and cresale interactions (Raffa et al. 2008). Understanding the
potential effects of changg climate on disturbance regimes adds another level of complexity. In the
case of insects, predictions of eruptions depend on understandgifgtte of climate on the
physiology of insects, including growth rate and generation time, as well as teptgibty and
resistance of trees (Bergzal.2010) at seasonal to evolutionary time scales (Raffa et &).200
Moreover, interactions among disturbances can be affected by climate change such as when drought
decreases tree vigor thereby increasing suesceptibility to insecisith consequences fdwel loads
andsubsequenntensity of fire (Daleet al.2001) or when fire intensity affects tree susceptibility to
insects (Youngblood et al. 2009 other cases, multiple events miateractto cause disturbance.

For examplePouglasfir Beetle Dendroctonus pseudotsugamitbreaks are triggered by a
disturbance such agind, fire, or ice storngto create breeding habitatlarge dead or stressed and
weakemrdtrees (Greenlanet al.2003) Poor understanding of these and other composite and
cumulative effects of multiple disturbances can lead to surprising future conditions€Palne

1998).

Specific disturbances of particular importance to NOCA are covered elsewherediociinisent
including White Pineblister rust (section 8), fire ecology(section 48), and invasive species
(section 4.9). This section is focused on other potential disturbance agents.

4.5.2 Approach

The longesterm comprehensive description of the disturbance regi€OCA is provided by

Aerial Detection Survey (ADS) data collected by the USDA Forest Servicee Tagchave been
collected annually since 1947 and describe the location of forest insects, disease; netedduer
damageand other forest health stress (Johnson and Wittwer 2008). Using fixethg aircraft
typically flying at 185 km/h{115 mi/hr)and 500 n(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 agent is based on the occurrence tfsppse c i f i ¢ d a margistingbos i gnat ur e
foliage color, canopy texture, tree species ideraityl season (McConnet al.2000) In addition,
observers estimate the severity of damadgdlasses (highmoderate, and low), the number of trees
affected or trees/ha affected similar method has been used by the British Columbia Ministry of
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Forest, Lands and Natural Resource Operations since 1999 (Westfall and Ebata 2012). Surveys of
Canada were also conttad from 1914 to 1995, but we have not obtained the data.

Creating disturbance maps using the sketchmapping method is highly subjective and therefore
variable among observers (Kleahal.1983) and is not effective atetecting root disease, dwarf
mistletoe or minor defoliation. Consequently, the data are best used for demonstrating trends rather
than precisely identifying affected areas (Johnson and Wittwer 2008). Mapping acoyremyed

with the advent of digital systems for mapping in 20digjital aerial sketchmap systefidASM],
SchradesPatton 200} including touch screen and integrated GPS. The change can be noticed as
more finely drawn polygon®levertheless, remotely determining the cause of a disturbance will
remain subjective for the foresdde future. For example, damage polygons attribut&i to

Engraver Scolytus ventraljs which affects mainly Grandii{Abies grandiy are almostertainly

due to Silver Fir BeetléPseudohylesinusericeuyin the North Cascades area where GraindsF
rare(Carlson2013).

The study area for this analysis includes NOCA and the buffer area ar¢heckdfter, buffer)

defined for the landscape change monitoring protocol (Kennedy et al. 2007). This buffer was created
to acknowledge that the pahlas poous boundaries relative to the spread of disturbance agents and
other ecologigrocessedt is defined as a 16.1 km (10 mi) wide ring around the park, expanded to
include the Chilliwack and Upper Skagit watershed in British Columbia and truncatecetstiod

Lake Chelan to accommodate the geometry of available satellite im&geonova et al. 20)0The

ADS datasetdoes not extend into Canada, so that portion of the buffer area is not included in this
analysis.

As part of the NPS Inventory and Mamiing Program, NOCA staff members are implementing a
protocol to detect disturbance events using Landsat imagery (Keahaldl2007). Initial use of the
protocol indicated that the original approach would not meet park needs. However, the recently
develged tools Landtrendr (Kennedy al.2010) and TimeSync (Cohex al.2010) may be

effectiveat detecting disturbance events relevant to N@@&#tonovaet al.2010). Consequently a

new protocol has beemritten (Antonova et al. 2(), and results from 198% 2009 for shorterm
disturbances (those whose signasuest<4 yrs) are availabl¢Antonova et al. 2013he 8

categories of disturbances tracked by this protocol are avalanches, clearing, development, fire, mass
movements, progressive defoliatioiparian 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)
or are influenced by weather (Dale et al. 2001) primarily by affectgulccess of agents or the
susceptibility of hosts (Bentz et al. 201Gpnsequentlyve investigated whether a shift ireather

regime could explain trends in disturbance from a reference period to pfésesidering the time

span of available ADS da(a947 2011), éta from Washington State Climate Divisiofndonthly

average of daily data from all weather stations in Divison 5 regioiate a notable change

beginning in 1986 wheaverage annual temperatire7°C)consistently and dramatically exckssl
(2-tailed ttest,P < 0.000)the average of average temperature estimated siddq@.8°C; Figure
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13). While there has not been corresponding change in precipitatgutefine the reference period
to be from the beginning of the ADS record (194 7)l ur985.

To describe status and trends of forest disturbance agents, we evaluated ADS data for the following
metrics:(1) total areaof NOCA and surrounding buffeffected by disturbance agents through time,
1947 2011 (2) location of most severe occunae (3) location of most frequent occurrenead (4)
comparison preand postl985 when annual temperature dramatically increased

Predicted changes expected in disturbance agents were summarized from a literature review and
extrapolating changes obsetvia ADS datafrom 1986 to 2011 compared with 1947 to 19B&e
complete digital dataet including disturbance polygons and calculations of severity and disturbance
agents for NOCA and the buffer area will be provided to the park in a geodatabase.
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vertical line indicates 1985.
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4.5.4 Results and Assessment

Current Condition (1986-2011)

Since 1985, forests in NOCA and the surrounding buffer have experienced damage due to several
native insects (Figurgd), primarily Mountain Pine Beetl@®endroctonus ponderogaand Western
Spruce BudworniChoristoneura ocdentalis) but also Silver Fir Beetland Dougladir Beetle The
introduced insect, Balsam Woolly Adeldiddelges piceadehas also been active. These insects are
responsible for 85.4% (NOCA) and 73.5% (buffer) of tree damage documented by ADS. Cogsideri
all agents, 93.1% (NOCA) and 88.5% (buffer) of observed tree damage has been due to insects; 1.3%
(NOCA) and 2.2% (buffer) due to diseases; 3.9% (NOCA) and 4.0% (buffer) due to physical
disturbances (i.e., fire, bear damage, slides, water, wind, r@}t.&% (NOCA) and 5.4% (buffer)

due to unknown causes.

While disturbance is widespread within the park amdoundingouffer during 1986 to 201,Imost

has occurred at lower elevations and along the drier eastern and southern sides of the park. Within
the park, it has occurred in the vicinity of Ross Lake, Bridge Creek, and Lake Chelan (Eigure
Disturbance has also occurred to the west of the park, especially between Skagit River and Baker
Lake. Canadian data show that most disturbances north of N€due to Mountain Pine Beetle,

with lesser amounts of Western Spruce Budworm, Dotfgl&eetle and Western Balsam Bark

Beetle (Figure &). Western Spruce Budworm has been mostly limited to Engelmann Spicea
engelmanniijn the southeast part dig park and buffer since 1985 (Figui®,while Mountain

Pine Beetle has affected all species of pines primarily in the Ross Lake area as well as having some
effect on the southeastern area (Figu8e $ilver Fir Beetle has been found in small patches
throughout the park and buffer except for the central area west of Thunder Creek (Bjgure 1
Douglasfir Beetle primarily has been found in the northeast region near Ross Lake and also in the
southeast. Balsam Woolly Adelgid has been seen in Subalpinmeth& northwest corner of the park
and above Diablo Lake. Western Balsam Bark Beetle (Dryocoetes confusus), Spruce Beetle
(Dendroctonus rufipennis), Larch Needle Case (Meria laricis), Lodgepole Pine Needle Cast
(Lophodermella concolor), and Western Hemlaoper (Lambdina fiscellaria) have also disturbed

at least 1000 ha (2471 ac) of the park and buffer since 1985

Trend

We compared the recent period (188611), which shows dramatically higher temperatures, with

the reference period (1941985) to desdbe trend (Table 19). In general, disturbance in the park

was most prevalent in the eastern region during both periods; while still lower than in the east,
disturbance impacts have been greater in the western part of the park in recent years compared with
the reference period (Figuié). In addition, both periods are strongly dominated by disturbance due

to insects compared with diseases and abiotic agents in the park and surrounding buffer (Table 19).
Regarding specific insects, the reference period wasrhted by Western Spruce Budworm while
dominance has shifted toward Mountain Pine Baatlee recentlyln the park there has been a
concurrent increase in Silver Fir Beetle, and DouflaBeetle. The introduced insect Balsam

Woolly Adelgid (Table 19a ppeared in the buffer area in 1975,
until 1987. Disturbance from all agents peaked during the 1970s in the reference period and during
the 2000s in recent times (Figukd) with no apparent relationship to climaf@isturbance activity
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was also relatively high in the 1950s and early 1960s in the buffer area. A trend toward smaller
polygons through time is likely due to methodological refinement.

Table 19. Comparison of area disturbed by agents during 19477 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

NOCA Buffer NOCA Buffer NOCA Buffer
Western Spruce Budworm 68.3 42.2 36.2 32.9 -32.1 -9.3
Silver Fir Beetle/Fir Engraver 4.8 26.6 8.6 8.6 +3.8 -18.0
Mountain Pine Beetle 23.1 12.0 321 27.1 +9.0 +15.1
Douglas-fir Beetle 1.0 3.2 4.1 2.2 +3.1 -1.0
Balsam Woolly Adelgid 0.0 0.5 4.4 2.7 +4.4 +2.2
Total insects 97.8 87.4 93.1 88.5 -4.7 +1.1
Total disease 0.0 0.0 1.3 2.2 +1.3 +2.2
Total physical damage 0.3 0.5 0.9 4.0 +0.6 +3.5
Other 1.9 12.1 1.7 5.4 -0.2 -6.7
Total ha/yr 6,675 16,578 5,285 15,071 -1390 -1507

Western Spruce Budworm

Western Spruce Budwordefoliates Dougla$irs, true firs andEngelmann Bruce over multiple

years. Trees that are defoliated fod 8 yrs are likely to have dead tops or be killed while surviving
trees are more vulnerable to bark beetfésstern Spruce Budworia the most abundant disturbance
agent in the record dris most severe in the southeast part of the gadkbuffer(Figure17). During

the reference period, it also occurred near Ross Lake. Damage during the current period generally
overlaps areas that were affected during the reference period. The olpssakeéd damage during

the 1970s and again in the 2000s corresponds well with data showing that outbreaks odoug &t 30
yrsintervals in central British Columbia (Campbell et al. 2006).

Mountain Pine Beetle

Mountain Pine Beetles a bark beetle that attks and kills all species of pin€&uring both time
periods it occurred mostly on the east side of the autt,both eastern and western parts of the
buffer (Figure 18). Sincel985 it has primarily attacked Lodgepoléne and has killedver 390Cha
(9637 ac)pf WhitebarkPine. During the reference period it attacked modtlsternwhite Pine and
had no impact olVhitebarkPine. AlthoughMountain Pine Beetleutbreakseemo beincreasg
in recent decades and expanding into previously unaffectadamesternCanadaand Alaska
(Logan et al. 2003, Carroll et al. 2Q0ffom the perspective of a 64 record in NOCAthe park
seems to be experiencing cydiisturbance associated with this insect pest

Silver Fir Beetle, Fir Engraveri Fir Engraver keetles primarily feed on Grandrfa species that is
sparse or absent in NOC8ubsequentlyi-orestService staff suspect th&tlver Fir, which is
widespread in the pariwas mistaken foGrandFir, and that the true agentttse Silver Fir Beetle
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(Carlon2013). Consequently, all damage attributeth&Fir Engraver has been included with

Silver Fir Beetlerecords in this analysiSilver Fir Beetlekills large diameter trees and often attacks
areas previously affected Wyestern Spruce Budworrilowever the spatial distribution dilver

Fir Beetlein NOCA does not entirely correspond with areas affectéd/egtern Spruce Budworm
(Figuresl7 and19). In recent yearsSilver Fir Beetlehas affected areas of the park that were not
affected during the reference period. Specifically, there has been an increased incidence in the
northern, southeasterand centrakastern parts of the park (Figu®. Silver Fir Beetle affected

over 10% othe buffer area in 1953 at the peak of an eruption beginning in the early 1950s until the
early 1960s. This suggests that the recent activity is trivial compared with past eventsi®igure

Douglas-fir Beetle

Douglasfir Beetlealso Kkills large diametdrees that have been weakened by drought, fire, root
disease, defoliating insects windthrow. The recent damag#ributed to the Douglafir Beetle in
theRoss Lake area (Figud®) occurred in areas where égawere previously damaged during severe
wind stormgCarlson2013).

Balsam Woolly Adelgid

This is an exotic pest of Subalping that can cause branch stunting and topkill; death can result
after several years of heavy infestatiBalsam Woolly Adelgidvas not evidenin the park during
the rderence period except for a small amount in 1978 (FigdyreSince then, it has affected
approximately 6000 h@l4,826 acpf NOCA.

Two trends in the ADS data are particularly notable because they involve high elevation species with
limited distributiors. In these cases, the significance of the damage is perhapsrapdesented by

the number of affected hectares because these data do not express the proportion of vulnerable area
affected. First, it appears that the combinatioMotintain Pine Beetle and/hite Ane blister rust

have neayl extirpated Western White Pinka recent times, warmer climate may be enabling

Mountain Pine Beetketoinfest Whitebark e, a highelevation species also susceptibl&\thite

Pine blister rust.

SecondBalsam WoollyAdelgidis an exotic insect that affects truestandis primarily affecting
Subalpine K in NOCA (Carlson 2013). This tree species also has limited distribution because it
occurs at high elevations, hence the relatively small number of hectareschffesteot fully

express the significance of the damaggsam Woolly Adelgichas caused severe damage to Fraser
Fir following introduction to Great Smoky Mountains National Pakkgh and Kupfer 200}, and

may have potential to do great harm in the Radlbrthwest. At sites in Washington and Oregon it
has been shown to cause 40 to 79% declirBibélpineFir forests in a 3645 yr period (Mitchell

and Buffam 2001).

Because disturbance due to insects, disease and physical agents are natural ecoluegsabpr

although some disease agents and insects are introduced, we are most interested in whether climate
change might increase their natural range of variatidrequency and area affect@idale et al.

2000). Based on a 85 time series of ADS recosdit appears that the natural range of variation has

not increased to date. While there may be a trend toward greater synchronization of agents, including
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a nonnative insect, the total area affected and duration of outbreaks are not greater thamfsst eve
(Figure 8). Given the difficulty of assigning causes to damage from the air, this result is probably
most robust when considering all agents and is subject to unknown effects of changes in accuracy
through timeMoreover, this analysis has not showdear relationship between recent climate

change and disturbance patterns; hence the park may still be experiencing conditions that could be
considered reference relative to climate.
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Figure 14. Aerial Detection Survey results describing area affected by various agents through time.



a) Aerial Detection Survey
1947-1985

b) Aerial Detection Survey
1986-2011

Figure 15. Spatial distribution of all areas affected by disturbance agents detected in the Aerial Detection
Survey during 2 time periods. Colors indicate different years.
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Figure 16. Occurrence of disturbance agents in the Canadian portion of the NOCA buffer area, 19991 2011.




a) Aerial Detection Survey
1947-1985

b) Aerial Detection Survey
1986-2011

Figure 17. Western Spruce Budworm pre- and post-1985. Darker colors in a) and b) indicate greater
number of years with presence.
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Figure 18. Mountain Pine Beetle pre- and post-1985. Darker colors indicate greater number of years with
presence.
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Figure 19. Silver Fir Beetle-Fir Engraver and Douglas-fir Beetle pre- and post-1985.

Predicted Changes

In general, warming climate is predicted to increase the effects of forest insects (Dale et,al. 2001
Bentz et al. 2010) and diseases (Sturrock et al. 2ptitarily through climatenduced increase in
host stress, decreased limitations on pest survival, or both. Duration of Western Spruce Budworm
outbreaks is predicted to increase in a warmer climate due to highewioter survival and longer
growing seasn (Campbell et al. 2008 homson et al. 1984). The l#gycle of Mountain Pine Beetle
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is primarily controlled by temperature (Logan and Bentz 1868an et al. 2003Powell and Logan
2005) and this insect has been observed to have advanced to higagordeand more northern
latitudes than in past records (Raffa et al. 2008). Migration to higher elevations corresponds to
predictions of Littell et al. (2010) showing the future (2080) distribution of Mountain Pine Beetle to
correspond with the currentstiiibution 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 chatmet(Ble

2010). The limitation posed by warm winters for Balsam Woolly Adelgid (Antonelli 1992) is
expected to be less frequent in the future.

Currently, forest diseases are minor causes of tree mortality in NOCA, at least as detected in ADS
surveys (busee Section 8.for detailed treatment dhite Pine blister rust). The role of pathogens

is expected to increase in general due to climate change because most disease agents will adapt faster
than their hosts (Sturrock et al. 2011). However detailsvaily depending on whether the agents are
affected directly or indirectly by climate. Additionally, changing climate is expected to produce a
higher frequency of extreme events and consequently abiotic disturbance effects. Floods, high winds
and fire may Kl trees outright or make them more vamable to pests (see section #hBdetailed

treatment of fireecology. Finally, the complex interactions among biotic and abiotic environmental
conditions; climatic limitations on insects and diseases; stresisdekiosts; the potential for range

shifts in hosts, insects and pathogens; and stochastic introduction of exotic organisms may create
novel and surprising outcomes (Paine et al. 1998).

Predicted changes gperhapsupported byomeobservations of trehin NOCA. Specifically,

throughout the record, the most sewveifects of insects and pathogdrase occurred in the warmest

and driest parts of the park near Ross Lake and south of Bridge Creek. Disturbance has increased on
the west side of the park sentemperatures dramatically warmed in 1985. Finally, the high elevation
species Subalpine Fir and Whitebark Pine have experienced increasing levels of disturbance in recent
years.

4.5.5 Emerging Issues

9 Predicting future disturbance regimes depends onrhettierstanding of the interactions among
climate change, disturbance agéntgimes, and vulnerability of tree species, including which
disturbance agents might be able to expand their range or increase in prominence into the North
Cascades. There may beexpected 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 LandTrendr based protbés an improved tool, the
time delay todelivery of results still render it less useful as a detection noohses when
immediate management action is required.

1 Changes in forest composition are likely to occur most rapidly in areas of séuetecplacing
disturbance following outbreaks of insects and pathogens or catastrophic fire .sRdttern
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regeneration within these areas, especially al
early indication of future changes in forest composit

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 NOCA. In particular, responses to climate change may vary by
region within the pe&k and by elevation zone (Littell et al. 2010). 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 ngas in future&eonsequencesf agents (Bentz et al. 2010).
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4.6 Forest Health: Whitebark Pine and White Pine Blister Rust
(Andrea Woodward, \$. GeologicalSurvey, FRESC)

4.6.1 Introduction

WhitebarkPine (Pinus albicauli$ grows on cold, drgites above 500f0. (1524 m) on the east side

of NOCA and in small, disjunct populations on the west side of the apecially in the xeric
conditions of the eastern Cascdrnge it is often the first tree species to establish in subalpine
meadows oalpine ridgesit influences snowmelt patterns, soil development, and provides important
microsites for establishment of other plamtsthese areas it sometimes functions as a pioneer
species taking the lead in meadow invasion (Franklin and Mitchen)1@fitebarkPine seeds are a
valuable foodsourcef or bi r ds, s qui rNuterdclersNuaifraga cdduenbiang . C1l ar k ¢
Red Squirrels Tamiasciirus hudsonicysand Dougla8Squirrels Tamiasciurus douglagiextract

seeds from the closed coneglahen cache them in subalpine meadows for future retrieval
(Tomback et al. 2001

In 2011 the U.S. Fish and Wildlife Service determined MétitebarkPine warrants protection

under the Endangered Species Act (ESA) thatadding the species to thedegal List of

Endangered and Threatened Wildlife and Plaras precluded by the need to address other listing
actionshavinghigher priority. Threats t@VhitebarkPine include habitat loss and mortality from

White Pine blister rustCronartium ribicolg, Mountain Pine BeetléDendroctonus ponderospe
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 surveyd\dfitebarkPine in 10 plots that were conducted in NOCA
during 1999 which hadthe objectives of(1) assessing the rates of blister rust infectionsnamichlity
in trees and sapling&) determining whethdvlountain Pine Beetkewere present and contribigin
to mortality, (3) determining spatial patterns of rates of infection and mortalig (4) providing
data to assist in the development of a lergn monitoring program (Rochefort 2008). Permanent
monitoring plots were subsequently established in 20@4re@assessed in 2009 (NCCN Inventory
and Monitoring undated). We also report loitgrm trends predicted by the U.S. Fish and Wildlife
Service in the finding regarding a petition to WghitebarkPine under the Endangered Species Act
(Sattelberg 2011).

4.6.3 Reference Conditions and Comparison Metrics

BecausanNhite Pine blister rust is an introduced disease, the reference condition for assessing trend is
the absence of blister rugtssessment metrics include change in extent of mapped vegetation classes
that include Whitebark Pine and change in infection rate and mortality from 1999 to 2009.

4.6.4 Results and Assessment

Current Condition

The vegetation map of NOCA showing ecological systems (see Higumedicates that Northern

Rocky Mountain Subalpin&/oodland Park, which is the class most associated with Whitebark Pine,
covers 151 k(58 mf) or 5.5% of the park (Table 17: 4.4 aboseigh elevation in the eastern
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part of the park. This area is much larger than the 3922 ha (9691 ac) of Whitelgackfmunities
estimated from existing vegetation maps (Agee and Kertis 1986) and by field personnel in 1999
(Rochefort 2008). Based on field data collected from permanent plots in 2009, 39% of mature trees
are infected and mortality is 29%, while 21% gblgags are infected (Table 20). Mountain Pine

Beetle occurs at <3% of sites (NCCN Inventory and Monitoring, undated).

Table 20. Infection and mortality rates of Whitebark Pine due to White Pine blister rust.

Percent of trees
1999 2004 2009

Infected Mature trees 37.6 29 39
Saplings 32.0 17 21
Mortality Mature trees 24.0 17 29
Saplings 7.2 na na

Trend

White Pine blister rust was introduced to North America in 1910 (Keane and Arno 1993) and first
appeared in Mount Rainier in 1928, but there are no early records for NOCA (Rochefort 2008).
Studies show that infection rate of adult trees (>2.54>lrin) diameter at breast height, dbh) has
increased slightly anthe infection rate o$aplings (individuals taller than 50 20 in) but <2.54

cm dbh) has decreased since 1999, (Rochefort, 008N undated; Table 20). Perhaps due to the
small area occupied Biyhitebark Pine in NOCA, Mountain Pine Beetles were rarely observed in
1999 (Rochefort 2008) and in <3% of sites in the 2000s (NCCN Inventory and Monitoring, undated).

Predicted Changes

According to the U.S. Fish and Wildlife Service finding regardingnigstf Whitebark Pine under

the Endangered Species Act, the species is experiencing an overadriongattern of decline, even

in areas originally thought to be mostly immune from White Pine blister rust, Mountain Pine Beetles,
and fire suppression. Accodi ng t o Sattel berg (2011), ARecent
downward trend within the majority of its range. While individual trees may persist, given current
trends, the Service anticipates Whitebark Pine forests will likely become extirpatéuean

ecosystem functions will be lost in the foreseeable future. On a landscape scale, the species appears
to be in danger of extinction, potentially within as few2as 3 generations. The generation time of
Whitebark Pine is approximately 60syr 0

4.6.5 Emerging Issues

1 Resistant genotypes may exist that could be used for restoration in the Aupuogect with
collaboration between the USDA Forest Service Dorena Genetic Resource Ceeuand
Rainier National Parkas shown that some Whitebark®irees have promising levels of
resistance (Richard Sniezko, pezsmm).
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4.6.6 Information and Data Needsi Gaps

1 Continuedsurvey andnonitoring of blister rust infection rates alodations as well athe
prevalence oMountain Pine Beetkewill describe the extent and trend of the infestation and
potential exacerbation by Mountain Pine Beetles.

1 The dentification ofblister rustresistant genotypes @hitebarkPine that may be used for
restoration in the futurdhowever, thaistribution ofWhitebark Pine in NOCA is withifederally
designated wildernessd hefeasibility ofintroducingrustresistent genotypes into wilderness is
not clear.
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4.7 Forest Health: Air Quality Effects
(Andrea Woodward, \$. GeologicalSurvey, FRESC)

4.7.1 Introduction

Air quality is a concern of park resource manapesause NOCA is downwind from the urban and
agricultural areas of theuget lowlands and Fraser RiveaNéy, including the cities of Seattle
Washingtonand VancouverBritish Columbia Moreover, the Pacific Northwest receives pollutants
in air masses @M Asia (Jaffe et al. 1992005 WeissPenziast al.2007, Fioreet al.2002).

Pollutants potentially arriving at NOCA include nitrogen and sulfur compounds, ozoneyaatiie
organic compounds (SOCs; current and histose pesticides, combustion-pyoducts and

industrial urban use compounds), and toxic metals, particularly mercury (Laeidai2008).

Ozone in particular is often at higher concentrations downwind of urban source areas than in the
source areas of the precursors (Breical.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 microbes and mychorrhizal fungldisiet al.1994), resistance of plants to insects and
pathogens, winter injury in conifers (Feanal.2003)), as well as plant growtlOver the longer

term, N fertilization may affect ecosystem structure and diversity, especially in conditions typical o
the Pacific Northwestyhichinclude N limitations, shallow soilsand snowmelés a major

component of ruoff (Eilerset al.1994) In addition, N deposition may be contributing to greater
fuel loads and thugotentiallyaltering the fire cycle in a viety of ecosystem types concert with
climate changealthough much more study is needed to understand this @f&utet al.2003).
Nitrogen and sulfur compounds also contribute to the production of acjdui@ch can have lonrg

term effects on fast biogeochemistry and biomass accumulation (Likens et al, ¥@2@ughlin

and Percy 19990zone is a strong oxidant that is toatcrelatively low concentratiorte sensitive
species, including several species of vascular plants and lichens thatiadarat in Pacific

Northwest forests (Braaet al.1999 Geisret 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 ote@satue to long range transport of
pollutants being deposited in the snow pack (Blais.€t9%8), and cold fractionation of lighter

SOCsin the atmospheravhich may result imlepositionof these and other compourathigher

(colder) alpine areaban peviously(Wania and Mackay 1996). Significant changes in alpine

species composition have been recorded over the past several decades in the high Rocky Mountains
that may be a response@adecades of elevated N deposition (Fehal.2003).

A direct asessment of air pollution in NOCA is coveredsiection 4.1 oChapter o this report and
should be consulted for a detailed description of air quality status and trends. Here we focus on the
effectsof air quality on vegetation.

4.7.2 Approach
To assestheconsequences of changesir qualityfor park vegetatioywe consulte@® recent
studies othe effects otontaminant concentrations on vegetation that incorporated data from
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NOCA. The first study included an evaluation of whether lichen commudiiesibed in plots in

NOCA exhibited effects of exposure to detrimental levels obgén and sulfur compounds (Geiser

and Neitlich 2007Geiser et al. 2010). Results were based on modeling lichen community gradients

in relation to air quality, climate nal other environmental variables. The model was developed using

pl ots which could be desichithedld alsa Ipdl dnutecdédmian:
for N, § and lead. The second study was an assessment of airborne contaminants, initfodierm,

sulfur, mercury, other metals, and SOCs in air and biota of 20 national parks of the western US, also
known as the Western Airborne Contaminants Assessment Project (WAGAdRerset al.2008).

Potential effects of future changes in air quadity assessed based on a literature review.

4.7.3 Reference Conditions and Comparison Metrics

With the exception of rare events (ematural firesyolcanic eruptions), impaired air qualitgsults
from human activitiesConsequently, the reference comatitfor the effects of air pollution on
vegetation is préndustrial air quality leveldHowever, in recognition that piadustrial levels are
unlikely to be reestablished, the NPS Air Resources Division uses EPA guidelines (ozone and
pesticides) and drcal loads (N and S) known to harm aquatic and terrestrial resasctandards
(see Chapter 4.1).

4.7.4 Results and Assessment

Current Condition

Nitrogen and Sulfur Compouriddn a lichen evaluationf nitrogen and sulfur compoundssites

withih NOCA wer e r a ta@dep schlee Bhis heamsrthat all sensitive speciesexpected

to bepresent and the sites were in théos/Guantile fora measure describing pollutant concentration

The sites represented high elevation, montand lowland ciinates. However, the NADP sii¢

Marblemount, 10 km (6.2 mi) west of theparka s r at ed on | rdbestbna-ste®, whi ch
scale. This means that some sensitive species were present and the site was in the 97.5% quantile for

all sensitive species. Meanwhile, N concentration in lichens marelevated aboveackground

rangegypical of remote areas (Landers et al. 2008).

Ozoné Dzone concentrations in NOCA are low and ozone injury to plants has not been evaluated
(http://www.nature.nps.gov/air/permits/aris/npddeverthelessl 2 ozonesensitive vascular plant
species occur in the pafRorter 2003)Red Alder Alnus rubr); SaskatoonAmelanchier alnifolig
Spreading Dogbané\pocynum andorsaemifoliym; Do u g | a s Aremissaadgugldsianias h  (
Western MugwortArtemisia ludoviciang Pacific NinebarkPhysocarpus capitatyisPonderosa

Pine Pinus ponderosa Quakingaspen RPopulus tremuloidgs Thimbleberry Rubus parviflorug
Scoul er 6Salix¥¢odletiaogCorimon SnowberrySymphoricarpos albysand Black
Huckleberry Yaccinium membranacegm

SemiVolatile Organic CompoundsConcentrationsf all SOCs meased in samples of lichens and
conifer needles from NOCA were at or above the median values for the 20 western national parks
sampled by WACAP (Landeet al.2008). Dominant SOCs were polycyclic aromatic hydrocasbo
(PAHSs) (bd7773 ng/g lipid)pesticidesendosulfans (2855), dacthal (84), hexachlorbenzene

(HCB (860)),andorganochlorides-#iCH (6-49) and gHCH (2-11). Low concentrations of
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pesticides trifluralin (<0.2), chlorpyrifos {8), chlordanes ¢B), dichlorodiphenyltrichloroethanes

(DDTs (<7) and industridlurbanuse compound polychlorinated biphenlys (PCBs (<6)) were also

detected. These values were similar to those in other PNW parks (CRLA, MORA, OLYM). Typical

of results across all parks, pesticide and PCB concentrations inthe@iohemo n Wi t chds Hai r
(Alectoria sarmentogassampled in NOCA increased with elevati@®ecause needle productivity is

high, the ecological effects of cumulate SOCs contributed by needle litterfall are a potential concern.

Mercuryi NOCA was among the parks for which mercury in lichens was not measured in the
WACAP study. However, mercury levels in parks where samples were analyzed were not above
background values measured in remote sites across the western U.S. (Landers et al. 2008).

Trend

None of these pollutant chemicals were present prior to industrial influeffeegotential
consequences for plant species and the park ecosysigacjaly for SOCs and mercuirg,unkown
The trend of increasing pollutant concentrations hagpparently impacted vegetation in NOCA to
date.

Predicted Changes

Despite improving trends in some air pollutants over recent decades, atmospheric pollutants are
predicted to increase due to a number of pressures. Increasing energy needs are likalg torneg
quality gains regarding acidifying and oxidizing pollutants (Dahlgren 2000). Nitrogen 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 staddard of living increases in Asia through
transPacific transport (Bertschi et al. 2004). Meanwhile, ozone showed a statistically significant
increase, 1992005 (http://www?2.nature.nps.gov/air/Pubs/
pdf/gpra/GPRA_AQ_ConditionsTrendReport2006.pdf). €ffect these changes will have on
vegetation is unclear. Ozone damage to sensitive species may eventually become evident, and lichen
communities are expected to shift to nitrophilous or pollution tolerant species (Fenn et aJ. 2003b
Geiser and Neitlich 200 with consequent loss of species diversity. Biomagnification 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. ,AG0Rlers et al. Z1B). Finally,it is

unknown what affect changing climate might have on the response of plants to pollutants.

4.7.5 Emerging Issues

1 Increasing urbanndustrial development andtensifyingagriculture in the Seattl&Vashington
and VancouverBritish Colunbia, 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 (Bertschi et al, 26fié etal. 2005)
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 bibds t{(Horstmann
and McLachlan 1998Neiss 2000Nizzetto et al. 2006). In fact, western US coniferous forests
have the capacity to annuallgcumulateamounts of pesticidea second year needlésat are
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comparable on a per hectare basis $@aificant fraction of 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 1998
Weiss 2000Nizzetto et al. 2006). Moreover, the potential negative effects of contaminants on
understory and soil arthropods, fungi or microbial decomposers, or plant life is also unknown.

Temporal dynamics of contaminant accumulation in conifer needles, which may feersiany

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 relg&sedli et al. 2003).

Increassin nitrogen levels will competitively favor species adapted to higher nitrogen levels and
select against species adapted to low nitrogen levblsh will lead to a longerm change in

species composition and relative abundahtaddition, many invasive plant speciaayalso

gain a competitive advantage with altered nutrient regimes, especially increased rifeogeat

al. 2003a)

4.7.6 Information and Data Needsi Gaps

l

Impaired air quality is expected to have the most detrimental effects at high elevations (Blais et al.
1998 Wania and Mackay 1996yet there is no routine monitoring of contaminants in air or
vegetatiomat these elevations

Relationships among contaminant levels in air with levels in plants due to bioaccumulation and
biomagnifications and consequences for plants and ecosystems need study.

Critical and target loads for nitrogen have been identified for lichens (Geise2@1@)}.but still
need to be identified for vascular plants.
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4.8 Fire Ecology
(Karen Kopper, MtionalPark Service,NOCA)

4.8.1 Introduction

Forest conditions are greatly influenced by fire regime propeRiesfrequency and severity control
forest structure by influencing the distribution and density of vegetation by size, age and species
composition (Agee 1993, Turnet al. 1994, Sugihara et al. 2008here are several distinct fire
regimes within the North Cascades National Park Service Complex based on climate, vegetation, and
topographyEach fire regime has an inherent range of fire occurrences (fire interdab\aat of fire
severity (low, moderate or high tree mortality per fire or group of fifés} regimes with the

shortest fire intervals are most susceptible to alteration hywhieh lengthens the time between

fires and prolongs the accumulationdefad and downed fuels (Brown 1983, Graham et al. 2004), or
climate change, which usually shortens fire intervals and increases the number of acres burned
(Littell et al. 2009) Despite the presence of frequent (short) fire regimes on the drgidasif he

park, longer fire intervals and high severity fire effects are more prevalent throughout the park.

4.8.2 Approach

The natural fire rotation (NFR) is used to quantify the natural fire frequency of an ecadyseire

length of time required for anea equal to the size of a study area to burn, assuming that some areas
will burn multiple times and some areas not at all (Agee 1993). We calculated the NFR for all
combustible land at NOCA between 1960 and 2011 using the NPS fire records that are atchived
the Wildland Fire Management Information (WFMI) website (USDI 2013). We mapped and
corrected the point locations on the WFMI database with the paper records of fire locations stored in
the parkbés fire mathWegusattewhole paliNFR andeconip&risogpal r e
between historic mean fire intervals and calculations of the NFR for different fire regimes within the
park, to identify departure from the natural fire regime.

A historic fire interval map was made by lumpiogndscape Fire and Ragce Management
Planning Tools Project ANDFIRE) fire regime classes (LANDFIRE 2013a) by fire interval,
condensing fire interval and severity classes ir@dire interval classes. We also used LANDFIRE
(LANDFIRE 2013b) fuel model data to identify themhber of acres of combustible fuel in NOCA
for our calculation of the whole park NFR/e included all grass, shrub and timber fuel models in
our estimate.
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Fire Occurence +  1960-1969 + 1980-1989 A  2000-2009
1960 - 2011 = 1970-1979 % 1990-1999 ¢  2010-2011

Figure 20. Location of fire occurences in North Cascades National Park Service Complex by decade
between 1960 and 2011.

114



4.8.3 Reference Condition and Comparison Metrics

The historic fireinterval map (Figur@1) constructed from LANDFIRE data, displays the reference
condition for the fire regimes of NOCAhe following historic fire interval classegere constructed
by associating the LANDFIRE fire regime data with fire intervals from local fire history studies

1.

Frequent Interval: Frequent fires100-yr fire rotations, 10 to 7§r mean fire interval) are

associated with dry Douglds i Ponderosd&ine mixed conifer forests. These forests are

primarily east of the Cascade crest in the forest surrounding Stehekin. There are no fire histories
in this area (although one is underway); however, we estimate that the lowest frequencies found
on the driestites (ponderosa pine dominated) are comparable to other local studires

history in the northeastern Cascades reports anyt8rean fire interval on dry Douglds

sites dominated by Ponderddae (Wright and Agee 2004), and another study re@ortstyr

natural fire rotation in prgettlement Pondero$¥ne dominated stands (Everett et al. 2000)

Fire frequencies throughout the majority of the Stehekin DotglaBonderos&ine forest are
probably much longer, but std{100 yi/rotation. Frequet fire intervals (44 to 52 gf were also
documented west of the Cascade crest on the driest DduglBsnderosdine dominated sites

on the east side of Ross Lake (Agee £1290).

A fire history of WhitebarkPine (Pinus albicauli$ (Siderius and Muay 2005) communities
found WhitebarkPine-SubalpineFir (Abies lasiocarpaforests on the soutbast side of the park
with frequent fire return intervals (mean fire return 67) and mixed severity fire effects.

Moderate Interval: Moderately long fire intals (100 to 25Gyr fire rotation, 70to 200yr

mean fire interval) are associated with dry mixed conifer forests (other than the driest Bouglas
firi Ponderos&ine types) on the eastde of Ross Lake (Agee et al. 1990cRarrd 2003)The

Ross Lake area has a unique mix of continental and maritime plant associations, and a mix of
low and high severity fire regime properties; despite being west of the Cascade crest, it is east
(and in the rairshadow) of Mount Baker and Mount Shuksan.

Long Interval: Long fire intervals>@50-yr fire rotations) characterize the majority of the forests
west of the Cascade crelsbw elevationWesternrHemlock WesternRedcedarDouglas fir

forests have fire rotations comparable to those of Mount Rainiery@fi@ rotation)

(Hemstrom and Franklin 19823ubalpine and alpine forests at NOCA also have long fire free
intervals between starr@éplacing eventdn a 10,500yr charcoal analysis from a lake sediment
cores, fire frequency was found to fluctuate kesw 30 to 400 win subalpine forests (Prichard
2003).
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Figure 21. Historic ranges of fire return intervals for vegetation types at NOCA based on local fire
histories and LANDFIRE fire regime data. The north end of Ross Lake was assumed to be sparsely
vegetated before the construction of Ross Lake Dam. Frequent Interval is <100-yr fire rotations, 10- to 70-
yr mean fire interval, Moderate Interval is 100- to 250-yr fire rotation, 70- to 200-yr mean fire interval; and
Long Interval is >250-yr fire rotations.

4.8.4 Results and Assessment

Current Condition
The NPS fire records document a total of 611 fires in the park between 1960 ar{d&al&21).
The majority of fires (68%) were lightning caused, compared to 30% caused by humans and 2%
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which lack data rgarding cause. The majority of fires (77%) were suppressed, compared to 7% that
went out naturally and 15% that were managed for resource bgmefitouslyreferred to as
Aprescribed naturae[WFUpr)eo or Awil dland fire

Table 21a. Number of fires/fire type in North Cascades National Park Service Complex for each decade
from 1960 to 2011 (* = only 2 yrs in last decade). Total number of fires does not equal the total number of
fires by cause, type, or acres burned because some fires lacked any information other than location. WFU
= wildland fire use (i.e., managed for resource benefit).

Total no.

Decade Natural Human Suppressed Natural out WFU fires
1960 35 21 56 0 0 64
1970 111 45 126 0 30 156
1980 49 53 70 6 26 102
1990 108 29 104 27 6 137
2000 112 34 109 8 29 146
*2010 3 3 6 0 0 6

Total Fires 418 185 471 41 91 611
Fires/Year 8 4 9 1 2 12
Relative % 68.4 30.3 77.1 6.7 14.9 100

Table 21b. Number of acres burned/fire regime group in North Cascades National Park Service Complex
for each decade from 1960 to 2011 (* = only 2 yrs in last decade). Total number of fires does not equal
the total number of fires by cause, type, or acres burned because some fires lacked any information other
than location.

Frequent Moderate Long Other Group Total Burned
Decade Number Acres Number Acres Number Acres Number Acres Number Acres
1960 5 30 25 198 30 40 4 117 64 361
1970 35 19 44 1843 72 1415 5 482 156 3767
1980 20 43 38 41 43 109 1 27 102 221
1990 26 3321 40 3465 67 2707 4 1812 137 9787
2000 28 5062 49 2606 62 4693 7 824 146 13,186
2010 2 3187 2 383 2 42 0 21 6 3634
Number 116 198 276 21 611
fires
Acres 11,663 8536 9006 3283 32,488
burned
Acres in 27,448 110,679 328,134 55,280 521,541
FRG
Relative 35.9% 26.3 % 27.7 % 10.1 % 100 %
acres
NFR 122 675 1857 881 839

There are 521,541 ac (211,060 ha) of combustible land within the park, of which 32,488 ac (13,147
ha) have burned between 1960 and 2011. Therefore, {eNi2R for the whole park and each fire
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interval group are trending &sllows: (1) Whole park6.2% of 521,541 ac (211,060 ha) burned,
yielding a 839%r NFR; (2) Frequent interval: 42.5% of 27,448 ac (11,108 ha) burned, yielding a 122
yr NFR; (3) Moderate interval: 7.7% of 110,679 ac (44,790 ha) burned, yieldingya 6/FR; and

(4) Long interval: 2.8% of 328,134 ac (132,791 ha) burned, yielding aW8SFR.

The NFR calculationsate s cr i be d aenphadize thahttbey argomly ihtended to reflect
thetrendof the fire regimes at this time. NFRs constructed from short time periods (such as these)
are less meaningful, especially for estimating departure for long interval fire regimeslvan@re

large fires occurring outside of the time period used for caticun could alter the NFR substantially
(Hemstrom and Franklin 1982gee 1993)The NFR calculation for the frequent interval is the most
reliable estimate because the length of the fire record €2approximates the length of its

estimated historicallFR.

Trend

The historicNFR for the whole park is presumed to be much smaller than the NFR calculated for the
park between 1960 and 201B88yrs) since the natural fire rotation in even the longest fire interval
group is estimated at 450syiThe NFRs ca&lulated for each fire interval group are also substantially
longer than estimates of the historic NFR for each. As expected, the NFR for the frequent interval
group is the shortest22 yrs), the moderate interval group is m&hgth 675yrs), and the log

interval group is the longest§57yrs). These results suggest that fires are occurring most often in

the areas that are most likely to have fires, but that fire suppression has altered the amount of area
burned. This is supported by the fact that 77#%lidires were suppressed even though they were
primarily caused by lightning.

Fire suppression was most prevalent in the frequent interval group, given that more than half of the
fires in this group occurred before 1980 (when fire suppression was raeatgmt)andcomprised

<1% of the acres burned. The moderate and long interval groups show less evidence of fire
suppressionalthough they also had more fire occurrences and fewer acres burned before 1980, the
contrast was not as great as it was in tegdent interval group. Climate may have influenced the

low number of acres burned across all fire interval groups in the 1960s and 1980s.

Althoughthe results suggest thiae suppressiomay have attenuated the NFR of efichinterval
group, it has greater impact on fuel loads in the frequent fire interval group betzefelsthat

have accumulateduring suppressiowould have been consumed in an uninterrupted fire regime.
Unnatural fuel accumulation is less of an issue in the areas associdtedmoderate fire interval,
although fire suppression will become more problemasapipressiomontinues. There is no
indication that fire suppression has or will cause anatural accumulation of dead and downed fuel
in the long interval group. Theatural fire rotation of the long interval group is comparable to that of
Mount RainieNational Parkit is sufficiently long to accumulate and maintain large quantities of
coarse woody debris with little to no additional effect due to fire suppressendgtrbm and

Franklin 1982).
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Predicted Changes

In the future NOCA may experience an increase in #rea burned by wildfiredue to climate

change. The fire season will be longgiien thatsummer temperatures are expected to increase and
snowpack levelglecrease with climate change (Meteal.2005). 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 al.2009). Sensitivity to climate drivers depends on climate
fire interactions in ecosystem provinces; increases in WisABpected tde greatest in the long

and moderate fire interval groups at NOCA, where climate (not fuel) is the limiting factor
(Hemstron and Franklin 1982Agee 1993Littell et al.2009)

4.8.5 Emerging Issues

Thelong-termeffects and interactions between climate,, fred insect infestations are complex and
still unclear(Field et al. 2007)Drought stress could increase tree madstalue to fires and insect
infestations more rapidly than anticipat&édel could become a limiting factor in the moderate and
long interval fire regime groups aftéor more severe wildfireguturespecies interactions due to
shifts in climate conditiosmay alter posfire regenerationFor example, an-native plant species,
such as Cheatgrass, may invade burned areas, displace natives, and alter fuel and fire regime
properties (e.g. increase fire frequency) (Brooks et al. 2004). Restoration objintiieeest and

fire regime propertiesuch as forest thinning and hazardous fuel reduction as steps in reducing fire
risk and estoring forestsshould focus on resiliency and ecosystem function rather than historical
conditions which may no longer be wlile with climate change (Churchill et al. 2013).

Understanding the natural range of fire severity (e.g. tree mortality) is integral to the characterization
and management of natural fire regimes, especially those with moderate fire intervals and mixed
severity effects (Halofsky et al. 201 The Monitoring Trends in Burn Severity (MTBS) project
(Eidenshink et al. 2007) has mapped fire severity for several fires on tkedeast the park, many

of which have been analyzed (Cansler 2011), but therelesrefar fewer large fires on the west

side of the park since this project began.

4.8.6 Information and Data Needsi Gaps

We have identifie® categories ofelatively importanfuture data requirements for NOCA: (1)
development of models for climate, firend insectnteractions relevant tdOCA; (2) development
of climate @aptation strategies f@ostfire communities at NOCA; and (8pntinueto collect fire
severity data through MTBS, especially for wette moderate interval, mixeskverity fireregimes.

4.8.7 Literature Cited
Agee, JK. 1993. Fire ecology of Pacific Northwestésts. Island Press, WashingtonCD493p.

Agee, JK., M. Finney, and R. de Gouvenain.9IBForest fire history of Desolation Peak,
Washington. Canadian Journal ofr€stry Research 20:36856.

Brooks, M. L., C. M. D6ANt oni o, D. M. Ri chardso
Hobbs, M. PellaniandD. Pyke. 2004. Effects of invasive alien plants on fire regimes.
BioScience 54:67/688.

119



Brown, J.K. 1983.Unatural fuel buildup issuén: JE. Lotan et aledtors. Proceeding$
Symposium anavorkshop orwildernesgire. USDA Forest Service Intermountain Forest and
Range Experiment Station, General Technical ReportlRd, Ogden, Utalp. 1271 128.

CanslerC. A. 2011. Drivers of burn severity in the northern Cascade Rainggi§. University of
Washington, Seattle, Washington.

Churchill, D. J., A. J. Larson, M. C. Dahlgreen, J. F. Franklin, P. F. Hessburg, and J. A. Lutz. 2013.
Restoring forest resiliencérom reference spatial patterns to silvicultural prescriptions and
monitoring. Forest Ecology and Management 291452

Eidenshink, J., B. Schwind, K. BrewerLZ Zhu, B. Quayle, and S. Howard. 2007. A project for
monitoring trends in burn severity.réiEcology Special Issug3i 21.

Everett, RL., R. Schellhaas, D. Keenum, D. Spurbeck, and P. Ohlson. 2000. Fire history in the
ponderosa pine/Douglds forests on the east slope of the Washington Cascades. Forest Ecology
and Managemerit29207 225.

Field, C. B., D. B. Lobell, H. A. Peters, and N. R. Chiariello. 2007. Feedbacks of terrestrial
ecosystems to climate change. Annual Review of Environmental Resource2332:1

Graham, R. T., S. McCaffrey, and T. B. Jain, technical editors. 2004. Scienc®bakanging
forest structure to modify wildfire behavior and seveldaDA Forest Service, General
Technical Report, RMRS GTR20, Rocky Mountain Research Station, Fort Colldprada

Halofsky, J.E., D.C. Donato, DE. Hibbs, JL. Campbell M. D. Cannon, JB. Fountaine, JR.
Thompson, R. GAnthony,B. T.BormannL. J.Kayes,B. E.Law, D. L. Petersonand T. A.
Spies. 2011Mixed-severity fire regimes: éssons and hypotheses from the Klang&itkiyou
Ecoregion. Ecosphet&1i 19.

Hemstrom, M. A and J. F. Franklin. 1982. Fire and other disturbances of the forests in Mount
Rainier National Park. Quaternary Research 1&32

LANDFIRE. 2013 LANDFIRE Fire Regime GroupS 105FRG. U.S. Department of the Interior,
U.S. Geological Survey. Availabtmline http://landfire.cr.usgs.gov/vieweAccessed 23
February2013

LANDFIRE. 2013. LANDFIRE Fuels: 40 Scott and Burgan fire behavior fuel models. U.S.
Department of the Interiot).S. Geological Survey. Availablenline
http://landfire.cr.usgs.gov/ewver. Accesse®3 Februar013.

Littell, J., D. McKenzig D. L. PetersonandA. L. Westerling. 2009. Climate and wildfire area
burned in western U.S. ecoprovinces, I?®3. Ecological Applications 19:1008021.

Mote, P.W., A. F. Hamlet M. P. Clark andD. P. Lettenmaier. 2005. Declining mountain snowpack
in western North Americaulletin of the American Meteorological Society & 49.

120



Prichard, S.J. 2003. Spatial and temporal dynamics of fire and vegetation change in Thunder Creek
watershed, NortlCascades National Park, Washingfdissertatioh University of Washington,
Seattle, Véishington

Siderius, J., and M. P. Murray. 2005. Fire knowledge for managing Cascadian Whitebark Pine
ecosystems. National Park Service and Crater Lake National Patke Séashingtonp. Ii 44.

Sugihara, NG., J.W. Van Wagtendonk. E. ShafferJ. FitesKkaufman andA. E. Thode. 2006.
Fire in Californias ecosystems. University of California Pre8erkeley, California. 596 p.

Turner, M.G., W. W. Hargrove R. H. Gardney andW. H. Romme. 1994. Effects of fire on
landscape heterogeneity in Yellowstone National Park, Wyardmgnal of Vegetation Science
5:731i 742.

USDI 2013. Wildland Fire Management Information websitgs://www.nifc.blm.gov/
cgi/WfmiHome.cgi Accessed June 2012.

Wright, C.S., and JK. Agee. 2004. Fire and vegetation history in the eastern Cascade Mountains,
Washington. Ecological Applicatiorig:443 459.

121



4.9 Biodiversity: Exotic Plants
(Andrea Woodward, \$. GeologicalSurvey, 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 species, someamsidered invasive because they can spread widely
without the aid of human cultivation in the new environment. Invasive species that are recognized by
federal, state, or local governments to threaten agricultural crops, local ecosystems, or fish and
widl i fe habitat are given the | egal designation
Control Boardhttp://www.nwcbh.wa.goy/and are subject to regulations concerning control

measures.

In general, mstnon-nativeplant speciekaveminor effects omatural ecosysten(sliebert and
Stubbendieck 1993However, 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 eviwed plantand animahssemblageas well asndividual native species

(Hiebert and Stubbendieck 19948tousek et al. 1998Mack et al. 2000Strayer et al. 2006)Some
consequences of lortgrm invaders are becoming apparent, such as the ability of &@dtw
(Polygonunspp.) 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 biodtyeesosystem function, and community

interactions (Boersma et al. 200B)oreover, exotic species can disrupt the accurate presentation of

a historic scene and damage historic or archeological resources (Hiebert and Stubbendieck 1993).
The National PariServicerecognizes 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 in NOCA comes from several sources. An environmental
assessment (EA) was developed in 2011 regarding proposed changes to management of exotic
species and includes lists of species and some location descriptiRfistaff als@rovided some
geospatial data as well as surveys of baalntry trails not having spatial data for purposes of the
present project. Finally, lists of noxious weeds found on adjacent national foresiveredsbtained

to identify species tit are in the vicinity but not currently included in geospatial data in the park.
The sudy aredor this assessment was NO@AIs adjacent parts of Okanogéenatchee 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 to be
impossible, it is nevertheless a baseline fotatang trend.The assessment metric is distribution of
exotic species in the park.
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4.9.4 Results and Assessment

Current Condition

More than 225 nomative species have been observed in NOCA, of which 40 are considered current
management priorities (Jon@éning et al. 2011). Priorities were determined using a decision tool
thatreflects National Park Service Management Polidd332006) anctalls for action if the

invasive species: (1)tars ecosystem processes; (2)-oompetes native species; (3) does out

compete native species, but prevents recruitment and regeneration, reduces or eliminates resources,
or provides resources to nonnative animals; (4) may overtake or exclude native species following
disturbance; (5) is listed as required to controk state, county, or federal noxious weed list; and (6)
infestation occurs in high quality and value habitat or resource areas, including designated
wildernessWhile there are many nemative species in the park, most of them occur in the 5% of the
parkthat is not designated wilderness, and are primarily limited to areas of frequent disturbance such
as roads, administrative areas, primary riparian corridors, and reservoir edges.

The process determined that there arel18 high priority, 17 second peaodgythird priority taxa
(Centaureaspp.,Hieraciumspp.,Polygonunspp. andQuercusspp. are counted as single taxa).
Geospatial data exist for 53 species of the 225 invasive species found in the park (Table 22). Twenty
seven species are classified agioos weeds in Washington State, meaning that they are considered
to threaten agricultural crops, local ecosystems, or fish and wildlife habitat (Table 22). Notably,
CheatgrassBromus tectorumis not on the list of noxious weeds despite reducing whelkt iy

eastern Washington and potentially affecting fire regimip{//www.fws.gov/nevada/nv_species/
invasive_speciedbcuments/cheat_grass.pdf has been observed to establish following fires in

eastern areas of NOCA. Projects to manabeatgras§l994 ac; 807 ha) arspecies of kotweed

(456 ac; 185 ha) are the largest invasive plant control projects in the park.

Park geospatial and survey records provided for the NRCA indicate that the most widespread exotic
species ar&napweed Centaureaspp.),Orchard Grasdiactylis glanerata), Ox-eye Daisy
(Leucanthemum vulgayreEnglish PlantainRlantago lanceolatg Common PlantainRlantago

major), Annual Bluegras¢Poa annug Compressed BluegrasBda compressaPerennial
BluegrassRPoapratensg, Creging Buttercup Ranunculus repepsSheep SorrelRumex acetosela

Red Clover Trifolium pratense, White Clover {rifolium repen$, and SpeedwelMeronicaspp)

(Table 22) although most are not priority species for the pilst geospatially documerntesites

are on the SRO0 corridor; near Lake Chelan and the Stehekin Valley; and a few are near Ross Lake
(Figure22), although this may reflect greater efforts at inventory in these areas. Approximately 90%
of backcountry trails have also been surveyed€d Wining 2011) but geospatial data are not
available. Records show that frecduntry areas have the greatest diversity of exotic plants, followed
by trails; surprisingly, the SRO corridor is least diverse (Table 22), although this may reflect
differences in survey methodologies among areas.

Inventories of invasive species on national forest lands surrounding NOCA identify species that are
not included in the geospatial records of NOCA. Ther®aech species in the Mount Baker Ranger
District to the west of the park; to the east, there are 20 species in the Methow Valley Ranger District
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and 50 throughout the Okanogérfenatchee National Forest (Table 23). Information for the Chelan
Ranger Districtwhich is adjacent to the park, was not available.

Trend

Compared to the reference condition of zero invasive species, the flora of NOCA has experienced an
increase in plant invasion resulting in 225 wmative species (http://www.nps.gov/noca), of which

only 53 have geospatial data and 27 are designated as noxious weeds by Washington State
Cheatgrass is also establishing following fires.

Assessing shoiterm trends is difficult because many areas have not been surveyed more than once.
An exception is th&R-20-Skagit Rivercorridor which was surveyed for knotweed in 2001 and again
in 2007 (Figure23). Results show a substantial decrease in knotweed detections, which describes the
net result of eradication efforts, spread from established populationg@eat mtroductions. Also,

the Skagit River and tributaries are surveyed annually and the Stehekin River has been surveyed
several timesData from the Stehekin River show a 100% increase in the knotweed population
between 2005 and 2009 (NPS 20Xd9mpare with therest of North America the Pacific

Northwest has beesettlel relatively recently bylescendants duropeas. Consequentlyhere

have been fewer plant invasions and greater opportunity to protect still relatively pristine wilderness
areagHarmington and Reichard 2007). Successful integrated management programs by NPS are
needed to make this possible.

Predicted Changes

Invasive nomative species together with habitat loss and climate changes are considered to be the
major drivers of global efmonmental change (Pejchar and Mooney 2009). These forces also have

the potential to interact with one another such that climate change and other drivers, for example
increasing amounts and different pathways of global trade and travel (Pejchar and Ra@@ey

will affect the distribution, spread, abundance, and impact of invasive species (Gritti et al. 2006).
While climate change could conceivably inhibit invasive species as expected for natives, case studies
indicate that climate change is not likelysiagbstantially decrease th#&luenceof current invasives

because many already span a large environmental range (Qian and Ricklefs 2006).

Effects of invasive species are challenging to foresee partly because climate is expected to affect all
phases of tnrasport, establishment, surviyahd spread (Hellman et al. 2008). Changes may include
greater potential for transport due to more frequent disturbance emenesised ability for non

native survival in subalpine and alpine areas due to climate changeuous nomative 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 example, highatmospheric C@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 invasive spgcies m
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 22. Invasive plant species by region of NOCA as described in Environmental Assessment (Jones
Winings 2011) or geospatial and survey data provided for NRCA.

Park Region
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Species name Common name 20O nsers z2 0° o SO

Agropyron repens
Agrostis alba

Aira caryophylla
Artemisia absinthium
Bromus hordeaous
Bromus tectorum
Buddleja davidii
Centaurea diffusa
Centaurea jacea
Centaurea maculosa

Quack Grass

Red Top

Hair Grass

Absinth Wormwood
Soft Brome
Cheatgrass
Butterfly Bush
Diffuse Knapweed
Brown Knapweed
Spotted Knapweed

Centaurea spp. knapweed

Cerastium glomeratum Sticky Chickweed

Chondrilla juncea Rush Skeleton Weed 2 B

Cirsium arvense Canada Thistle 2 C

Cirsium vulgare Bull Thistle 2 C

Clematis vitalba Travel erds 1 Cc

Conium maculatum Poison Hemlock 1 B

Cytisus scoparius Scotds Broom 2 B

Dactylis glomerata Orchard Grass

Digitalis purpurea Foxglove

Euphorbia myrsinites Myrtle Spurge 1 B

Euphorbia oblongata Eggleaf Spurge 1 A

Geranium robertianum Herb Robert 2 B

Hedera helix English lvy 1 C

Hieracium pilosella Mouse-ear Hawkweed 2 B

Holcus lanatus Velvet Grass

Hypericum perforatum Common St. J¢ 3 C X X X X

llex aquafolium English Holly 1 X

Juglans cinerea Butternut 1

Lactuca serriola Prickly Lettuce ?
Lathyrus latifolius Evergreen (Sweet) Pea 1 X X
Leucanthemum vulgare Oxeye Daisy 3 C X X
Linaria dalmatica Dalmatian toadflax 1 X X
Linaria vulgaris Yellow Toadflax 1 X X

Medicago polymorpha
Melilotus alba

Mycelis muralis
Phalaris arundincea
Phleum pretense
Plantago lanceolata
Plantago major

Burr Clover

White Sweet Clover
Wall Lettuce

Reed Canary Grass
Timothy

English Plantain
Common Plantain

x x
x
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Table 22. Invasive plant species by region of NOCA as described in Environmental Assessment (Jones
Winings 2011) or geospatial and survey data provided for NRCA (continued).

Park Region
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Species name Common name 8 S5 X80T 5 85 o WS
Poa annua Annual Bluegrass X X X X X X
Poa bulbosa Bulbous Bluegrass X
Poa compressa Compressed Bluegrass X X X X X
Poa pratense Perennial Bluegrass X X X X X
Polygonum cuspidatum Japanese Knotweed 2 B X X
Polygonum sachalinense Giant Knotweed 2 B X X
Potentilla recta Sulfur Cinquefoil 1 B X X
Prunella arvense Self-heal X
Quercus spp. oak 1 X
Ranunculus repens Creeping Buttercup X X X X X
Robinia hispuda Bristly Locust 1
Robinia pseudo-acacia Black Locust 1 X
Rubus discolor Himalayan Blackberry 2 C X X
(armeniacus)
Rubus lasciniatus Cut-leaved Blackberry 2 C X X X X
Rumex acetosella Sheep Sorrel X X X X ?
Rumex crispus Curly Dock X ?
Senecio jacobaea Tansy Ragwort 1 B
Spergula rubra Sand Spurrey X
Stellaria crispa Crisp Starwort X
Stellaria media Common Chickweed X
Tanacetum vulgare Common Tansy 3 C X X X X
Trifolium arvense Clover X
Trifolium dubium Little Clover X
Trifolium pratense Red Clover X X X X X
Trifolium repens White Clover X X X X X X
Verbascum thapsus Common Mullein 1 X ?
Veronica spp. Speedwell X X X X X
Vicia spp. vetch X
Vinca major Periwinkle 3 X
Vulpia spp. six-week brome X X X

'1, high priority; 2, second priority; 3, third priority
2Washington State noxious weed classes, 2013: 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

®Includes Sourdough, Thornton Lakes, Panther, Thunder Knob
*Includes Lighting Creek, Desolation Mountain, Ruby Arm, East Bank, Ross Dam, Ross haul road,

Hozomeen, Ridley Lake

®Include Big Beaver, Little Beaver, Chilliwack, Copper Ridge, Brush Creek
®Includes North Fork Cascade River, Cascade Pass, Thunder Creek, Park Creek, Monogram Lake

"Includes Bridge Creek, McAlester Lake, Dagger Lake
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8Question marks indicate uncertainty due to 2-letter species abbreviations used in data collection

Table 23. Noxious weeds found in USDA Forest Service Ranger Districts (RD) adjacent to NOCA. Large
X Oisdicate the species is not currently documented in NOCA.
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Species Common name 252 &2 =2
Amsinckia menziesii Common Fiddleneck X
Arctium lappa Greater Burdock X
Artemisia absinthium Absinthium X
Artemisia biennis Biennial Wormwood X
Berteroa incana Hoary Alyssum X X
Bromus tectorum Cheatgrass X
Buddleja davidii Butterfly Bush X
Capsella bursa-pastoris Shepherdds Pur X
Cardaria draba Whitetop X X
Carduus acanthoides Spiny Plumeless Thistle X
Carduus nutans Musk Thistle X X
Centaurea biebersteinii Spotted Knapweed X X X
Centaurea debeauxii Meadow Knapweed X
Centaurea diffusa Diffuse Knapweed X X
Centaurea repens Russian Knapweed X X
Centaurea solstitialis Yellow Star-thistle X
Cichorium intybus Chicory X
Cirsium arvense Canada Thistle X X X
Cirsium vulgare Bull Thistle X X
Crupina vularis Common Crupina X
Cynoglossum officinale Houndds Tongue X X
Cytisus scoparius Scotds Broom X X X
Daucus carota Queen Anneds L X X
Digitalis purpureum Purple Foxglove X
Geranium robertianum Herb Robert X
Gypsophila paniculata Babyds Breath X X
Hedera helix English vy X
Hieracium aurantiacum Orange Hawkweed X X X
Hieracium caespitosum Meadow Hawkweed X X x*
Hyoscyamus niger Black Henbane X
Hypericum perforatum St. Johnds Wor X X x*
Hypochaeris radicata SpotteecgarCat sd X X
Kochia scoparia Kochia X X
Lanaria vulgaris Butter and Eggs X
Leucanthemum vulgare Oxeye Daisy X X x*
Linaria dalmatica Dalmatian Toadflax X X
Lysimachia spp. Yellow Loosestrife X
Matricaria perforata Scentless False Mayweed X
Myriophyllum spicatum Eurasian Watermilfoil X
Onopordum acanthium Scotch Thistle X X
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Table 23. Noxious weeds found in USDA Forest Service Ranger Districts (RD) adjacent to NOCA. Large

X6s indicate the species i s (conthued.urrently
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Species Common name 252 &2 =2
Phalaris arundinacea Reed Canarygrass X X
Poa bulbosa Bulbosa Bluegrass X
Polygonum cuspidatum Japanese Knotweed X X
Polygonum polystachyum Cultivated Knotweed X
Polygonum x bohemicum Bohemian Knotweed X
Potentilla recta sulfur Cinquefoil X X
Rubus armeniacus Himalayan Blackberry X X
Rubus lasciniatus Cut-leaf Blackberry X
Salsola Russian Thistle X
Senecio jacobaea Tansy Ragwort X X X
Senecio sylvaticus Woodland Ragwort X
Senecio vulgaris Common Groundsel X
Silene latifolia Bladder Campion X
Sonchus arvensis Field Sowthistle X
Tanacetum vulgare Common Tansy X x*
Verbascum thapsus Common Mullein X

'Source: Fuentes et al. (2007)

document ed

’Source: Brigitte Ranne, USDA Forest Service Chelan Ranger District, personal communication (list
for only Chelan RD was not available)

®*Dean McFetridge, USDA Forest Service Methow Valley Ranger District, Range and Invasive Plant
Specialist, personnel communication

4Species most commonly seen on Highway 20 near park and from East Creek Trailhead to park
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Figure 22. Distribution of invasive species throughout NOCA.
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Figure 23. Repeat surveys for Knotweed along the SR-20 corridor.

4.9.5 Emerging Issues

1 The potential foeffects of invasive species to be modulated over time by processes such as
evolutionary changes, shifts in species composition, accumulation of matanalisteractions
with abiotic variables necessitates using a {tergh perspective to assess the egugences of
invasive species (Strayer et al. 20@&lther et al. 2009).

1 Currently most exotic species are found at lower elevations, but increasing temperatures may
allow exotics to move to higher elevations (Pauchard et al. 2009).
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1 There are species adjacent Forest Service lands that have not been recorded in NOCA and
therefore may pose imminent threats (T&t8g

1 Climate change is predictédinfluence invasion dynamics and ecosystem consequences due to
invasive species (Hellman et al. 20@@jctar and Mooney 20QWalther et al. 2009).

4.9.6 Information and Data Needsi Gaps

1 Frequent and comprehensive monitoringh&f most vulnerable argasich as th&ont-country
areasand georeferencing exotic weed locatiomsuld help the park understand #hdent of
invasive species distribution, effectiveness of control and prevention efforts, and would provide
the basis for studies of potential leteym consequences.

1 Periodic analysis of exotic plant data that incorporates Exotic Plant Managementfiicetam e
such as was conducted for the EA will apprise park staff of management success.
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4.10 Biodiversity: Wetlands
(Andrea WoodwaréndPatricia HaggertyU.S. GeologicalSurvey, FRESC)

4.10.1 Introduction

Wetlands are perhaps the most biodiverse of ecosys®hie wetlands only represent
approximately 2% of Washingtonds | andscape, 30%
wetland indicator status (Rocciritten communicatior), 66% of terrestrial vertebrates utilize

wetlands (Sheldon et al. 2005nB45% of the 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@éspe
include the combination of aquatic and terrestrial conditions, high productivity, and changing water
levels, which provide a range of habitats through seasons (Halls 1997). High elevation wetlands in
the North Cascades are exceptional in that thgyave greater floristic diversity than montane
wetlands in the Rocky Mountains and lowland wetlands in western Washington (Risvold and Fonda
2001) although this conclusion is not supported by others (Peet 1978, Baker 1990, Raittein
comnunicatior). The importance of wetlands and their processes played a significant role in the
establishment of NOCA (Holmes and Kuntz 1994). Consequently spaffkhasendeavored to

gather information about wetland resources since the park was established, withddigitards

created in the early 1996®Imes and Kuntz 1994)

Typical vegetation in low elevation riparian wetlands includes Red ARlaug rubrg and perhaps
Big-leaf Maple Acer macrophyllury) Black CottonwoodRopulus balsamiferasp trichocarpd,
Sitka SprucePRicea sitchens)s and Oregon AshRfaxinus latifoliug in the canopy. Salmonberry
(Rubus spectabil)s , D e v i OplopmnacHomiduys Skunk Cabbagd.ysichiton americanuin
and a variety of ferns are found in the understory. Atehédations, wetland riparian flora includes
severallders @lnus viridisspp.sinuata, A. incanasp.tenuifolia), willows (Salix boothii, S.
commutaty, andhuckleberriesVYaccinium deliciosupV. uliginosun (Crawford et al. 2009).
Montane wetland meadows are dominated by Small Red Peat Sfassghum capillifoliuly White
March Marigold Caltha biflora), and Many Spiked Cotton Gradsriophorum polystachion
(Risvold and Fonda 2001).

Climatechange is predicted to have dramatic effects on hydrologic processes 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 temperdggreasing summer precipitatjon
increasing winter precipitatiomnd consequent changes in the hydrograph are expected to be more
frequent (Mote and Salathe 2010). As integrated elements of the hydrologic system, wetlands and
their inhabitants will certaily be affected.

4.10.2 Approach

We assessed status of wetlands in NOCA using wetland maps produced by the National Wetlands
Inventory (NWI) program of the U.S. Fish and Wildlife Service. This program has been producing
wetland maps and geospatial datather U.S. since 1974 based on analysis of aerial imagery
(http://www.fws.gov/wetlands/.NWIland the Cowardin wetland classification system (Cowardin et
al. 1979). These maps were validated in the early 1990s by NOCA staff for areas in 15 USGS
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guadrangle mas, mostly in the western region of the park. These surveys only cover approximately

half of the park, but park staff estimate that 95% of the wetlands in NOCA were grathret!

(Holmes and Kuntz 1994). However, there is doubt that thedigation wdands were ground

truthed MignonneBivin and Regina Rochefort, NOCA and NCCN, pers. comm.). While NWI also
assesses trend in wetland area, this has only been done on a national basis and for selected areas not
including the Pacific Northwest.

4.10.3 Reference Conditions and Comparison Metrics

There is no evidence to date thatal extent and qualitpf wetlands arehanging in NOCA

although no studies have been conducted to assess water. geatisgquently, the current inventory
of wetlandsdescribingspatial extent and wetland class sanve as the baseline for identifying future
changesn spatial extent, and there is no baseline for wetland quality

4.10.4 Results and Assessment

Current Condition

The NOCA wetland mafHolmes and Kuntz 1994), created by groandhing NWI maps in

selected areas of the central and western part of th€figtke24a), identifies 835.5 ha (2065 ac)

of wetlands (reservoirs and most lakes were not mapped). Wetland types include riverine wetlands,
freshwater lakes and pon¢acustrine) and freshwater emergent and freshwater foresteab
wetlandg(palustrine) This compres with 3204.9 ha (7920 ac) mapped by NWI, excluding reservoirs
(Figure24b). When only comparing emergent and forglstub wetlands plus pondble comparison

is closer (NOCA: 726.8 ha, 1796 ac; NWI: 115.4 ha, 284 ac). Ateasn on thd&NWI mapbut not

the NOCA groundtruth mapoccur on Flat Creek just inside the park boundary; the north fork of
Bridge Creek; Stehekin River; Park Creek; a pond on Fisher Creek; as well as small amounts on Big
and Little Beaver Creeks and west of Mount Spickard. Thegarianarily areas that were not
groundtruthed by the park. The NOCA map shows areas not included on the NWI map such as on
the Baker River and north fork of the Cascade River just inside the park boundary; and on the Skagit
River near Goodell CreeExamiring a representative area in detail (Figide) shows the NPS

survey found more forested palustrine and rivetineonsolidated shore wetlands than shown on the
NWI map, while NWI showed more palustriseruly shrub wetlands than the NPS survey. Many
area<lassed as palustrirseruly shrub were classed as riverine unconsolidated shore and patustrine
forested by NPS. The fact that forested wetlands are the most difficult for NWI to photointerpret and
that they are conservatively mapped has been long ackigedgTiner 1997).

Trend

At present there is no information to describe wetland trends in NOCA. Nationally, factors causing
losses in wetlands include agriculture, forested plantations, rural development, urban development,
and other land uses, while resttion and conservation have resulted in wetland improvement (Dahl
2011). None of these factors are especially relevant to NGIGwever, there may have been

historic alteration of wetlands near roads and trails and administrative areas of the park.
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Predicted Changes

Climate change projections forecast warmer winters and summers, higher winter precipitation and
lower summer precipitation (Mote and Salathe 2010). These changes have already resulted in
declining snowpack, earlier snowmelt runoff, and eadl@r moisture recession (Hamlet et al. 2007)

and are predicted to cause longer and more frequent summer droughts (Hamlet et al. 2005). As
evidence, the Palmer Hydrologic Drought Index (PHidp://www.ncdn.noaa.gdywhich describes
long-term hydrologic épartures from normal growwdater conditiongGuttman 1991)has been

negative in 15 of 27 grsince temperatures rose dramatically beginning in 1985 (Fifrd he net

effect of these changes is difficult to predict, but modeled montane wetlandsatiewasd more

rapid drawdown, lower water levels and a longer dry season in summer (Lee et al. in review) in
response to projected climate change. The effects are expected to be greatest for intermediate
wetlands (those that dry in late summer or eadlif years with low precipitation) because they are
shallow and are highly sensitive to summer water availability. Modeled results show that the majority
of intermediate montane wetlands will become ephemeral wetlands (meaning they dry in most years,
uswally soon after snowmelt) by the 2080s (Lee etalkeview). More immediate effects may be

shifts in the zonation of soil moisture and vegetation found around wetland basins. Ecosystem effects
of these changes include loss of habitat provided by intéateebut not ephemeral wetlands for fast
developing amphibians, drought resistant invertebrates, migratory birds angredatorgRyan et

al. 2014, Lee et alin review) Intermediate wetlands are also important for preserving-meta
population dynamicef animals and plants and therefore bditgersity (Semlitsch and Bodie 1998)

while also being difficult to survey and monitor.
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Figure 24a. National Wetland Inventory map for NOCA.
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Figure 24b. Representative area comparing National Wetlands Inventory map comared with results of NOCA ground-truth survey.
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Figure 25. Palmer Hydrologic Drought Index for Climate Division 5 of Washington State (Cascade
Mountains West). Negative numbers indicate drought conditions.

4.10.5 Emerging Issues

T

While dimate change may have the greatest impact on precipitdépandent wetlands (Burkett

and Keusler 2000; Winter 20Q@hese types (bogs and vernal pools)rare to absent in NOCA

Instead, wetland types present in NOCA 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 (Fig2seClimate change willsolikely affect water

quality, particularly temperature, as well as quantity.

Increasing levels of air pollutants from local and global sources may affect wetland water quality
in the future. Wetlands INOCA are especially seitsve because they are oligotrophic and have
low acid-neutralizing capacity (Clow and Campbell 2008).

4.10.6 Information and Data Needsi Gaps

T

The parkwould benefit froman updated, complete map of wetlands for the entire park complex.
Although Holmes and #ntz (1994) mapped wetlands in the northemd centraportion of the

park, surveys were based on NWI maps and reports of existing wetlands and therefore may not
have documented all wetlands in forested areas ordigytation wetlands. Recently, NOG#ef
hasbeen collaborating with UW researchers to devedmpotesensing method® improve

spatial documentation of moniamwetlands (Hamlet 2012). This research is a high priority for
the park to develop a baseline of wetlands.

While changes irextentand perhaps wetland classy have greater potential to be monitored
remotely on a parkwide basis, more intensive monitoring of hydroperiods and vegetation
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composition of a few sentinel sites could be informative for analyzing, predicting and mitigating
the effects of climate change on wetlands (Conly and Van der Kamp 2001).

1 Wetland loss may not be the most significant change caused by a changing dimayebea
shift in wetland types on the landscapéth resulting shifts in ecological functions.

1 The National Wetland Inventory identifies wetlands in the southern part of the park that have not
been validated by park staff. Because this area is relatively dry, these wetlands may be most
vulnerable to expected increases in summer drodgds, high-elevation wetlands have not been
groundtruthed.

1 Repeated inventories of wetland resources are warranted given the importance of wetlands to
supporting park biodiversity and the potential for climate change to dramatically alter wetlands.
However, monitoringf wetland extent alone will give limited insight into changes in wetland
biodiversity. Ideally, creating a wetland profile (extent of wetland types) and ecological conditions
within each wetland type would allow a powerful assessment of wetland resoodigans. This
can be done using rapid assessment techniques developed by WNHP or others using a random
sample design within discrete basins. It is also important to describe the distribution of rare
wetlandtypes (those tracked by WNHP).

4.10.7 Literature Cited
Baker, W.L. 1990. Species richness of Colorado riparian vegetation. Journal of Vegetation Science
1:119124.

Burkett, V, and J. Keusler. 2000. Climate chanBetential impacts and interactions in wetlands of
the United States. Journal of tAenerican Wagr Resources Association 36:3320.

Clow, D. W., and D. H. Campbell. 2008. Atmospheric deposition and susfaiss chemistry in
Mount Rainier and North Cascades National Parks, U.S.A., water years 2000 an202805
U.S. Geological Survey &mtific Investigations Report 2008152. 37 p.

Conly, F. M., and G. Van der Kamp. 2001. Monitoring the hydrology of Canadian prairie wetlands to
detect the effects of climate change and land use change. Environmental Monitoring and
Assessment 67:19315.

Cowardin, L. M., V. Carter, F. C. Golet, and E. T. LaRoe. 1979. Classification of wetlands and
deepwater habitats of the United Stale&lS/OBS79/31,U.S. Fish and Wildfe Senice,
Washington, D.C.

Crawford, R. C., C. B. Chappell, C. C. Thompson, antl Roccio. 2009. Vegetation classification
of Mount Rainier, North Cascades, and Olympic National Parks, plant association descripition
and identification keys. National Park Service Natural Resource Technical Report
NPS/NCCN/NRTR 2009/D586.

Dahl, T.E. 2011. Status and trends of wetlands in the conterminous United, $g&8840 2009.
U.S. Deprtment of Interior Fish and Wildlife Service, WashingtoD.C.

139



Guttman, N. B. 1991. A sensitivity analysis of the Palmer Hydrologic Drought Index. Water
Resources Bulletin 27:79807.

Halls, A.J, edtor. 1997.Wetlandspiodiversity and the Ramsar Convention: Tbke of the
convention onwetlands in theonservation andiseuse ofbiodiversity. Ramsar Convention
Bureau, Gland, Switzerland.

Hamlet, A. F 2012. Extended monitoring and modeling of climate change effects on Pacific
Northwest wetlands. Proposal funded by the NW Climate Science Center.

Hamlet, A.F., P. W. Mote, MP. Clark,andD. P. Lettenmaier. 2005. Effects of temperature and
precipitation variability on snowpack trends in the western US. Journal of Climate 19:4545
4561.

Hamlet, A.F., P.W. Mote, M.P.Clark,andD. P. Lettenmaier. 2007. Twentietientury trends in
runoff, evapotraspiration, and soil moisture in the western United States. Journal of Climate
20:1468 1486.

Holmes, RE., and R.C. Kuntz Il. 1994. Wetlands inventory in the North Cascades National Park
Service Complex. North Cascades National Park Service Complexahteport.

Lee, S:Y., M.E. Ryan, A.F. Hamlet, W. Palen, and M. Halabisky. In review. Forecasting climate
change impacts on the hydrology of montane wetlands. PLoS ONE.

Mote, P. W., and E. P. Salathe. 2010. Future climate in the Pacific Northwest. €{thatige
102:29 50.

Peet, RK. 1978. Forest vegetation of the Colorado Front Range: Patterns of speeisiyd
Vegetatio 37:6b78.

Risvold, A. M., and R. W. Fonda. 2001. Community composition and floristic relationships in
montane wetlands in the NorCascades, Washington. Northwest Science 7516x7

Ryan, M.E., W.J. Palen, MJ. Adams, and RV. Rochefort. 2014. Amphibians in the climate vice:
Loss and restoration of resilience of montane wetland ecosystems in the western US. Frontiers in
Ecologyand the Environment 12:28240.

Semlitsch, R. D.andJ. R Bodie. 1998. Are small, isolated wetlands expelefalEonservation
Biology 121129 1133.

Sheldon, D., T. Hruby, P. Johnson, K. Harper, A. McMillan, T. Granger, S. Stanigy.
Stockdale. 2005. Wetlands in Wasfiton Statég Vol. 1: A synthesis of thecgence. Washington
State Department of Ecology, Publications #085006, Olympia Washington

Tiner, R. W. 1997. NWI map&Vhat they tell us. National Wetlands Newsleft&r7 12.

140



Winter, T. C. 2000. The vulnerability of wetlands to climate change: A hydrological landscape
perspective. Journal of the American Water Resources Association 81305

141



4.11 Biodiversity: Subalpine Vegetation
(Andrea Woodwarénd Patricia Hagerty, U.S. GeologicalSurvey, FRESC)

4.11.1 Introduction

The subalpine zone constitutes the ecotone between continuous forest and treeless alpine meadows,
reflecting increasiny harsh growing conditions with elevation. While it consists of a broad and o
vegetation graduating from tree islands through krummbholz, it is 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 garttay climatic factors

controlling establishment and survival of subalpine vegetation (Rochefort et al. 1994). However,
specific climatic limiting factors vary at microsite, local, and regional scales (Woodward et gl. 1995
Peterson et al. 200®illar et al. 2004), primarily driven by topography. Effects of biota, such as
determining seed sources and altering snow distribution, also influence subalpine plant distribution.
Consequently, subalpine vegetation pattern reflects interactions among cliopatgraiphic, and

biotic factors at multiple spatial scales (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, inclugjrsummer habitat for migratory birdSubalpine areaare
alsoimportantfor recreation (Franklin et al. 197Malued for scenic views, seasonal wildflower
displays, and wildlife sightings.

4.11.2 Approach

We used the area classified as subalpine andeayggetation by the Ecological Systems map

(Comer et al. 2003) to assess current status of subalpine vegetation in NOCA. To describe trend, we
summarized thé& research study describing trends in subalpine meadows conducted in NOCA.
Finally, we acquired times series of aerial photographs and imagery to look for dramatic changes at
sites recommended by park staff. Thorough, quantitative geospatial analysigtitadetect subtle
changes was beyond the scope 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 lowvations in response to millennial trends in climate

(Rochefort et al. 1994) and 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. Moreover, the period of record for NOCA is very short relative

to decadakcale climate fluctuations. Consequently, the present condition may simply serve as the
reference for future changehe vegetation map currently development could serve as a baseline.

4.11.4 Results and Assessment

Current Condition

The most detailed vegetation map for N&Gt presentis the Ecological Systems (ES) map created
by NatureServe (Comer et al. 2003; see section 4¥hig.map has ndieen groundruthed for the
NOCA area by NatureServe or NOCA staff, therefore conclusions are provigienatding to this
map, 31.7% of NOCA is comprised of vegetation classes that span the ecotone from continuous
forest, through tree clumps, krummhadzalpine meadows. These classes include the North Pacific
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Maritime Mesic Subalpine Parkland (ES 4225, 15.7% of NOCA) on the west side of the Cascades in
areas with deep, latging snow. The Northern Rocky Mountain Subalpine Woodland and Parkland
(ES 423, 5.5% of NOCA) occupies areas on the east side of the Cascades and consists of tree
clumps dominated bwhitebark PineRinus albicaulis Subalpine LarchL@rix lyallii), some

Subalpine Fir Abies lasiocarpgp open woodlands, and herb or dwahfrub donmated openings.

North Pacific Alpine and Subalpine Day Grasslands (ES 7157, 6.1% of NOCA) are dominated by
Fescuespp. and are embedded in or above subalpine forests and woo#iaatlg, North Pacific

Dry and Mesic Alpine DwarEhrubland, Felfield ard Meadows (ES 5205, 0.8% of NOCA) are
dominated by graminoids, foliose lichens, dwsiifubs and forbsnd are found above treeline

(Rocchio and Crawford 2009).

Trend

We detected no dramatic changes in tree distribution upon examining time seried of aeria
photography and satellite imagery fbsubalpine meadows in NOCA over the period 1958 to
presentHowever, an intensive examination of photographs and imagery for a meadow on Goode
Mountain in the southwestern part of the park did detect changes ootreieand treeline position
(Brookman 2010). Specifically, area with open canopy decreased by 7% while closed canopy
increased by 4% from 1958 to 2009, possibly indicating increased density of trees in areas originally
having open canopies. In additiorgetation patches above treeline were seen to increase in area
and density and treeline migrated upslope by 25 m (82 ft). These changes were associated with an
increase in growing season temperature, variable amounts of precipitation, and a declinpaclsnow
over the study period. These results correspond to other studies showing increasing tree
establishment in subalpine meadows elsewhere in the Pacific Northwest (Franklin et,al. 1971
Woodward et al. 1999Rochefort and Peterson 19@lbrod and Peteos 1999) and the

observation that increases in tree density are a potential impact of climate change (Camarero and
Gutierrez 2004)

Predicted Changes

Summer temperature is predicted to increase in the Pacific Northwest during the 21st century, and
theextent and duration of snowpack are predicted to 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 eliohainge (Woodward et al. 1995

Rochefort and Peterson 19@®lbrod 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 responsesdlimate change will vary (Malanson et al. 2007). Consequently, predicted
upward migration of tree species may be ameliorated if the high degree-stéileevariability in

mountain ecosystems provides some localized protection (Randin et al. 2009)hélessyt

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, subalpine tagge may experience greater effects of

insects and pathogens (Dale et al. 2010). For example, the spread of Mountain Pine Beetle
(Dendroctonuponderosaeto Whitebark Pine has been attributed to warmer temperatures (Logan et
al. 2003). Changes to othecosystem processes such as phenology of flower bloom may also alter
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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 (Malanso2@d3) and
may affect water and nutrient budgets of mountain watersheds (Seastedt et al. 2004).

4.11.5 Emerging Issues

T

Changes in treeline position are more complex than trees simply establishing at higher elevations
due to warming climate. Firgcale castraints such as mictopography, distance from mature

trees as sources of shelter and séezlhistory (Agee 1993)and characteristics of meadow
vegetation will limit the ability of trees to establish in meadows (Holtmeier and Broll, 2007
Malanson etl. 2007 Randin et al. 200%ald et al. 2012). Perhaps subalpiakpine vegetation

will be squeezed between the advance of meé&sver elevations as they increageslopewith

climate change and the slow procesalpfnepedogenesis at upper elewas.

In addition to potential loss in areal extent, climate change may alter ecological processes such as
phenology (Dunne et al. 20Q3)isturbance due to native and noative insects and pathogens in
subalpine meadows (Dale et al. 2QGid fire if fuels become more available due to longer

warm-dry periods during summer

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

T

Many years may elapse between when trees begin to establish in meadows and when they can be
detected irsatellitebasedemotely sensed data because the harsh subalpine environment
significantly limits tee growth. Therefore, grousithsed monitoring isnportantto provide early
warning and documentation of changes in herbaceous species composition as well as tree
distribution.LIDAR may be useful for early detection of tree establishment over taegss,

especially as it becomes less costly.

Current climate models are at resolutions too coarse to be useful in complekavigtion
topography with important smadicale variation in habitat characteristics. Monitoring the duration
and extent of anral snowpack would provide valuable information to supplement temperature
and precipitation for understanding subalpine responses to climate change (Aubry et al. 2011).
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4.12 Biodiversity: Sensitive Species
(Andrea Woodward, \$. GeologicalSurvey, FRESC)

4.12.1 Introduction

Nationalparks 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 species and preservation of
biodiversity. Besides protecting biodiversity for its intrgalue, areas having relatively unimpaired
complements of species provide opportunities to study natural ecologic proeesst®y serve as
benchmarks against which developed areas can be compared. Moreover, the process and
consequences of federal ilg} can be minimized for sensitive species that have sufficient

populations in protected areas.

4.12.2 Approach

Status of sensitive speciessassessed using lists of vascular and-vescular plant species and

fungi, compiled by Bivin and Rochefort (201@ndby adjacent national forests (http://
www1.dnr.wa.gov/nhp/refdesk/fguide/htm/fsfgabc.htamd surveys by Hutten and by Trappe (data

on file at NOCA) although the nowvascular list for the park is quite limited. The range of each
species in North fkerica was extracted from the Plant Profiles website (USDA NRC3 20the

U.S. Department of Agriculture. Documented occurrences of sensitive species in Washington State
were obtained from the Washington Natural Heritage ProgvdNHP 2002)
(http://wwwldnr.wa.gov/nhp/refdesk/fguide/).

Trend in sensitive species was determined by assessing the change in species status in Washington
State since 1997. The study area for this assessment was NOCA plus adjacent parts of Okanogan
Wenatchee and Mount Bak&noaialmie National Forests.

4.12.3 Reference Conditions and Comparison Metrics

The WNHP haspublishel changes in the conservation status of plant species k389G
Consequentlywe will use 1997 as the reference conditibhe assessment metric is number of
species changing WNPS status.

4.12.4 Results and Assessment

Current Condition

There are currently 23 species having conservat
documented or suspected to occur in NOCZAther species are to be watched because they may
become vulnerable (Table 24). Of the3species are considered globally vulneraBletfychium
paradoxumErigeron salishij lliamna longisepalfaand2 arerankedglobally vulnerable to imperiled
(Botrychum pedunculosun®ilene seelyi Silene seelyis endemic to the Wenatchee Mountains and
is threatened mainly by rock climbelsamna longisepalas also endemic to Washington State and
is threatened by fire suppression because this practice allows sfanees to replace suitable
habitat.Erigeron salishiipopulationsonly occur at high elevations in Washington State and British
Columbia, and may be vulnerable to climate change. Note that Mduitena longisepalandSilene
seelyiare on the plantsi for the park, they have not been found in the park (Mignonne Bivin,
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NOCA, pers. comm.). Alsdinus albicauligs a candidate to be listed under the federal Endangered
Species Act and is discussed in more detail in section 4.6 of Chapter 4.

Numerous adtlonal sensitive species occur in adjacent national forests (2&plgVvhile any of

these species could occur in NOCA, those that have been observed near the park boundary seem
most likely to also have populations in the park. Candidates inBlatlgchum ascendengarex

stylosa, Chaenactis thompsonii, Cryptogamma stelleri, Draba cana, Eritrichium nanum var.
elongatumandSaxifraga cernua.

Several surveys of nevascular plants have been condudtelbcalized areasf NOCA, specifically
areas thought to be vulnerable to ratiknbing, boulderingand road maintenance activities (Huften
undated spreadshemt file at NOCA. Macrofungi have been more widely documented in the park
(Trappe, undated spreadshemtdile atNOCA), but not in a systematic survey. Although these
efforts are limited, surveys discovered several species of importance to WNHPZB)ablere

work on nonvascular plants and fungi is clearly warranted.

Trend

Among the sensitive species documenteduspected to occur in NOCB changed status from
6sensitived t o (@@Botltychianaparadoxum, CareapiltaseCargxOntadtochaeta,
Loiseleuri procumbens, Parnassia kotzelyuehile 7 have been downgraded from threatened to
sensitive(Silene seelyjor removed fr om t (Barychiumspinnaturo, Carexat ¢ h 6
buxbaumii, Carex saxatiligar. major, Epipactis gigantea, Impatiens aurella, Pinguicula vu)garis

(Table 24) However,Carex macrochaetaas recently (2013) found in awéocation (Mignonne

Bivin, NPS, pers. comm.). Improved status is most commonly due to the location of previously
unknown populations, while degrading status most likely reflects loss of habitat and as such does not
provide insight into thetatusor vulnaability of populations within the park complex (i.e. status
changes are generally based on the entire state of Washington). There is insufficient information to
begin to describe trends in neascular plants or macrofungi.

Predicted Changes

Threats to sesitive species include changes in air quality, climate change, and invasive species. The
effects of all of these factors are expected to accelerate over time and their effects on vegetation are
discussed in other sections of this chapter. Species thadesaywe particular attention because of

their relative rarity, they are at the edge of their range, may be in the park but have not been
documented include:

1. Botrychium paradoxuimglobally vulnerable (G3) and T, S2 in Washingtisrsuspected to be in
NOCA,; surveys may be valuabhle

Carex capillaris T, S1 in Washington and at the southern edge of its range
Carex rostrata S, S1 in Washington and at the southern edge of its;range
Erigeron salishii S, S2 in Washington and occurs only in WashingtonBarigsh Columbia

a k0D

lliamnus longisepalaglobally vulnerable (G3) and S, S3 in Washington, but is endemic to
Washington and is suspected to be in NOCA,; surveys may be valuable
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Loiseleuria procumbend, S1 Washington; not documented in NOCA since 1963higion
is at the southern edge of its range

Parnassus kotzebuél, S1 in Washington, and is at the edge of its range
. Silene seelyiT, S1 in Washingtgrandis endemic
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Table 24. Sensitive species of North Cascades National Park Service Complex. (Source for ranges is USDA NRCS. 2012).

Last Global State status Change since

Species name Common name documentel Rank (rank) 2082 1997 Range in North America

Botrychium paradoxum  Twirspiked Moonwort Susp. G2 T(S2) y 9 British Columbia, Alberta, Saskatchewe
OR, ID, MT, UT

Botrychium pedunculosur Stalked Moonwort 2010 G2G3 S (S2) AK, WA, OR, ID, MT, eastern and west
Canada

Botrychium pinnatum Northwestern Moonwort 2010 G4 W(S3) 7 sV Northern US, Canada, Greenland, AK,
UT, CO, NM

Carex buxbaumii Buxbaumsés Sedg2010 G5 W(S3) 7 sW Canada, AK, Greenland, northern half
contiguous US, AR, TN, NC, SC, GA

Carex capillaris Haidike Sedge 2010 G5 T(S1) y ST Canada, AK, Greenlamthern contiguot
Us, NV, UT, CO, NM

Carex macrochaeta Large Awned Sedge 2010 G5 T(S1) VS E AK, WA, OR, western Canada

Carex magellanica ssp. Poor Sedge 1986 G5T5 S(S2S3) Canada, Greenland, AK, northern conti

irrigua US except ND and SD, WXCOS

Carex pluriflora Several Flowered Sedge 1988 G5 S(S1/S2) AK, British Columbia, WA, OR

Carex rostrata Beaked Sedge 2010 G5 S(S1) AK, Canada, Greenland, WA, ID, MT,
lakes region

Carex saxatilis var. major Russet Sedge 2010 G5 W(S5) 7 sV AK,western Canada, eastern Canada, \
OR, ID, MT, WY, CO, UT, NV

Draba aurea Golden Draba Susp. G5 S(S1S2) AK, Canada, Greenland, SD, western L
except OR and CA

Eriophorum viridicarinatur Thinleaf Cotton Sedge 2010 G5 S(S2) Northern US, Canada, AK, CO

Epipactis gigantea Giant Hellebore 2010 G5 W(S3) 7 SN BC, western contiguous US, SD, OK, T

Erigeron salishii Salish Fleabane 2010 G3 S(S2) BC, WA

Gentiana glauca Glaucous Gentian Susp. G4G5 S(S2) AK, western Canada, WA, MT

Githopsis specularioides Common Blzip 1970 G5 S(S3) BC, WA, OR, CA, MT

lliamna longisepala Longsepal Globemallow Susp. G3 S(S3) WA

Impatiens aurella Orange Balsam 1976 W(S4) 7 RW BC, WA, OR, ID, MT

Loiseleuria procumbens Alpine Azalea 1963 G5 T(S1) gy 9 AK, Canada except Quebec, NY, most

northeastern US, WA
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Table 24. Sensitive species of North Cascades National Park Service Complex. (Source for ranges is USDA NRCS. 2012) (continued).

Last Global State status Change

Species name Common name documented® Rank®  (rank) 2012°  since 1997° Range in North America®

Luzula arcuata Curved woodrush 2010 G5T3T5 S(S1) Western and eastern Canada,
Greenland, AK, WA, OR, MT

Lycopodiella inundata Bog Clubmoss 2010 G5 S(S2) Southern Canada, AK, WA, OR, CA,
MT and upper mid-western and
eastern U.S. to NC except ND, SD

Lycopodium Treelike Clubmoss 2010 G5 S(S2) Canada, northern US except ND,

dendroideum eastern US except KY, AL, NC, TN

Montia diffusa Branching Montia Susp. G4 S(S2S3) British Columbia, WA, OR, CA

Oxytropis campestris Slender Crazyweed Susp. G5T5 S(S2) AK, British Columbia, Alberta,

var. gracilis Saskatchewan, Manitoba, WA, OR,
ID, MT, WY, CO, ND, SD

Parnassia kotzebuei Kot z e Gass@fParnassus 2010 G5 T(S1) gy ST Canada except Nunavut, WA, ID, MT,
WY, CO, NV

Pinguicula vulgaris Butterwort 2010 G5 W(SNR) Z R-W AK, Canada, NE and N central US
(PP)

Platanthera obtusata Small Northern Bog Orchid 1991 G5 S(S2) Canada, north contiguous US except
ND, SD, UT, CO

Poa arctica ssp. arctica Gr a Blaegrass 1982 G5T4T5 W?(SNR) Canada, AK, western contiguous US
except OR, CA, AZ

Polemonium viscosum  Skunk Polemonium G5 S(S1S2) British Columbia, Alberta, western
U.S. except CA

Saxifraga rivularis Pygmy Saxifrage 2010 G5 ?(S3) Western contiguous US, Canada
except Saskatchewan, Ontario; AK,
Greenland

Silene seelyi S e e | Sjlehes 2000 G2G3 S(S2S3) ZTs WA

'Source: Bivin and Rochefort 2010; &éSusp.6 indicates specivmandsuspected

Rochefort 2010) and are indicated as sensitive by USDA Forest Service Interagency Special Status/Sensitive Species Program.
*Codes and source (NatureServe 2012)

3Codes (http://www1.dnr.wa.gov/nhp/refdesk, accessed December 2012)

* http://mww1.dnr.wa.gov/nhp/refdesk, accessed December 2012

®USDA NRCS 2012
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Table 25. Sensitive species found in adjacent national forests.

WNHP
WNHP  WDFW
Global State State

Species name Common name Rank'  status’ Rank® MBS®' OW' Nearest record since 1980°

Allium campanulatum Sierra Onion G4 ST S1 D Columbia Co.

Antennaria parvifolia Nut t Buksy-tbes G5 SS S2 D Northeast WA

Astragalus arrectus Palouse Milk-vetch G2G4 ST S2 D Chelan Co.

Astragalus microcystis Least Bladdery Milk-vetch G5 SS S2 S Northeast WA

Botrychium ascendens Upward-lobed Moonwort G2G3 SS S2 D D Maybe in park

Botrychium crenulatum Crenulate Moonwort G3 SS S3 D Okanogan Co.

Botrychium lineare Slender Moonwort G2? ST S1 S Ferry Co.

Carex chordorrhiza Cordroot Sedge G5 SS S1 D Northwestern Okanogan Co.

Carex comosa Bristly Sedge G5 SS S2 S D W. of park and Chelan Co.

Carex gynocrates Yellow Bog Sedge G5 SS S1 D Eastern Okanogan Co.

Carex media/norvegica Intermediate Sedge G5? SS S2 D North-central Okanogan Co.

Carex pauciflora Few-flowered Sedge G5 SS S2 D S Maybe in park; Whatcom, Snohomish
Co.s

Carex proposita Smokey Mountain Sedge G4 ST S2 D Wenatchee mountains

Carex scirpoidea var. scirpoidea Canadian Single-spike Sedge G5T5 SS S2 D D Western and north-central Okanogan
Co.

Carex stylosa Long-styled Sedge G5 SS S1S2 D S Whatcom, Skagit, Snohomish Co.

Carex sychnocephala Many-headed Sedge G4 SS S2 D Central and western Okanogan Co.

Carex tenuiflora Sparseflower Sedge G5 ST S1 D Central Okanogan Co.

Carex vallicola Salley Sedge G5 SS S2 D North-central Okanogan Co.

Castilleja cryptantha Obscure Indian Paintbrush G2G3 SS S2S3 S D Mount Rainier

Chaenactis thompsonii T h o mp s @Ghaebatis G2G3 SS S2S3 D D Chelan, Whatcom Co.; serpentine soll

Chrysosplenium tetrandrum Northern Golden-carpet G5 SS S2 D Eastern Okanogan Co.

Coptis aspleniifolia Spleenwort-leaved G5 SS S2 D S Snohomish Co.

Goldthread
Cryptogamma stelleri Stell erds rockG5 SS S1S2 D Western Okanogan, Chelan Co.

Cypripedium parviflorum Yellow La d y<lipper G5 ST S2 D Western Okanogan Co.
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Table 25. Sensitive species found in adjacent national forests (continued).

WNHP
WNHP  WDFW
Global State State
Species name Common name Rank!  status? Rank® MBS* OW* Nearest record since 1980°
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. drummondii  Dr u mmo Ralbtan-avens G5T5 SS S2 D S Northeast WA
Eritrichium nanum var. elongatum Pale Alpine Foret-me-not G5T4 SS S1 D Western Okanogan, eastern Chelan
Co.s
Fritillaria camschatcensis Black Lily G5 SS S2 D Central Whatcom and Snohomish Co.s
Gaultheria hispidula Creeping Snowberry G5 SS S2 S Central Snohomish Co.
Gentiana douglasiana Swamp Gentian G4 SS S2 D D Kittitas Co.
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 Mid-Chelan Co.
Heterotheca oregona var. oregona  Oregon Goldenaster G4T4? ST S1 D Mount Rainier area
Juncus howellii Ho we Rusi s G4 ST S1 D Skamania Co.
Microseris borealis Northern Microseris G472 SS S2 S Skamania Co.
Mimulus pulsiferae Pul s iMorkey-&laver G4? SS S2 D Eastern Okanogan Co.
Mimulus suksdorfii S u k s d blonkeg-ffower G4 SS S2 D Northeastern Chelan Co.
Nicotiana attenuata Coyote Tobacco G4 SS S2 D Southern Chelan Co.
Pedicularis rainierensis Mt. Rainier Lousewort G2G3 SS S2S3 D D Mount Rainier
Pellaea brachyptera Sierra Clifforake G4G5 SS S2 D Northeastern Chelan Co.
Pellaea breweri B r e w &lifforake G5 SS S2 S D Northwestern Chelan Co.
Penstemon eriantherus var. whitedii Wh i t @ehétenon GAT2 SS S2 D Southeastern and eastern Chelan Co.
Petrophytum cinerascens Chelan Rockmat G1 SE S1 D Eastern and southern Chelan Co.
Phacelia minutissima Dwarf Phacelia G3 SE S1 D Northern Kittitas Co.
Physaria didymocarpa var. Common Twinpod G5T4 ST S1 D Northern 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 Western Snohomish Co.
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Table 25. Sensitive species found in adjacent national forests (continued).

WNHP
WNHP  WDFW
Global State State

Species name Common name Rank!  status? Rank® MBS* OW* Nearest record since 1980°

Platanthera sparsiflora Canyon Bog-orchid G4G5 ST S1 D D Whatcom Co., maybe in park

Potentilla nivea Snow Cinquefoil G5 SS S2 D Northwestern Okanogan Co.

Pyrrocoma hirta var. sonchifolia Sticky Goldenweed G4G5 SS S1 D Kittitas Co.

Ranunculus cooleyae Co ol 8utéraup G4 SS S1S2 D Central Snohomish Co.

Ribes oxyaconthoides ssp. irriguum  Idaho Gooseberry G5T3T4 ST S2 D Eastern WA

Rotala ramosior Lowland Toothcup G5 ST S1 D No nearby records since 1980

Rubus arcticus ssp. acaulis Nagoonberry G5T5 ST S1 D Central and eastern Okanogan Co.

Salix glauca ssp. glauca var. villosa  Glaucous Willow G5T5? SS S1S2 D Northern central Okanogan Co.

Salix maccalliana Ma c ¢ aWillbwp s G5? SS S1 D Northeastern WA

Sanicula marilandica Black Snakeroot G5 SS S2 D Northern 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.

Sisyrinchium sarmentosum Pale Blue-eyed Grass G1G2 ST S1S2 S South-central WA

Spiranthes porrifolia Western Ladies-tresses G4 SS S2 D Northeastern Chelan, north-central
Okanagon Co.s

Trifolium thompsonii Thomp s@aver s G2 ST S2 D Southeastern Chelan Co.

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://www.fs.fed.us.r6/sfpnw/issssp/agency-policy/ (accessed December 2012)

*Source: http://www1.dnr.wa.gov/nhp/refdesk/fquide/htm/fsfgabc.htm; most species descriptions were updated in 2003
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Table 26. Sensitive non-vascular plants and macrofungi found in NOCA.

Group Species (NOCA surveys) No. Collections Species (WNHP) Global Rank* State Rank”
Mosses Campylium stellatum var. protensum 1 Campylium stellatum G5 SNR
Fissidens grandifrons 4 Fissidens grandifrons G4 S2
Fissidens osmundoides 1 Fissidens osmundoides G5 S1
Grimmia incurva 1 Grimmia incurva G4G5 S1
Plagiopus oederiana 2 Plagiopus oederiana G5? S2
Lichens Alectoria nigricans 1 Alectoria nigricans G5 S2
Cetrelia cetrarioides 2 Cetrelia cetrarioides G4G5 SNR
Collema nigrescens 5 Collema nigrescens G5? SNR
Leptogium cyanescens 3 Leptogium cyanescens G5 SNR
Umbilicaria angulata 11 Umbilicaria angulata G4? SNR
Umbilicaria phaea 2 Umbilicaria phaea var. cocinea G5?TNR S1
Macrofungus  Alboleptonia sericella ? Alboleptonia sericella G1? S1

61, globally critically imperiled; G2, globally imperiled; G3, globally vulnerable; G4, globally apparently secure; G5, globally secure; NR, not

yet ranked; T# indicates same categories for varieties and subspecies

%31, state critically imperiled; S2, state imperiled; S3, state vulnerable; NR, not yet ranked



4.12.5 Emerging Issues
1 Climate change is likely to affect the abundance and location of habitats of sensitive species.

1 Species that are on the edge of their distribution may be genetically distinct from the main
populations and have traits that contribute to {@rgn survival(Gaston 2012).

4.12.6 Information and Data Needsi Gaps

1 Surveys ofrelevant habitats for species that have been reported in the park but not relocated in the
NPS inventory effort, or for species that are known to occur in adjacent national forests but have
not been located in the pankould help confirm their absence

1 Population monitoring of vulnerable species or populations of rare species and forecasts of where
relevant habitats may migrate due to changing climate wwoldde valuable information for
considering potential management interventions

1 Characterization of genetic composition and adaptations of species on the edge of their
distribution may indicate whether these populations can contribute to théelongurvival of
these species.

1 More extasive and systematic surveys for rascular plants and fungi are needed to adequately
describe their status to serve as a baseline for eventually detecting trends.
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4.13 Amphibians
(Michael J. Adams, L. GeologicalSurvey, FRESC)

4.13.1 Introduction

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. It is
convenient, however, to categorize amphibians according itchiteeding habitat: pond, stream, and
terrestrial. Elevesspecies frogstoads and salamanders) have been identified as present in

NOCA (Table27). One species, the Western Toad, is federally listed as a Species of Concern, as well
as a Candidate species for listing by Washington State. The Columbia Spotted Frog is also listed as a
Canddate species for listing in Washington, and the Coastal Tailed Frog is a species being monitored
in Washington State. All bug of the species (Columbia Spotted Frog, EnsatinaNamthernRed

legged Frog) have wide distributions within the park (T&8e Within their respective ranges, the

status o6 species are classified as stadlspecies are classified as decreasing, and the status of
species (Coastal Tailed Frog) is unknown (T&de

4.13.2 Approach

This assessment relied predominantly grevious report that compiled all amphibian records for
the National Parks in Washington State (Galvan et al. 2005). The report covered the bulk of the
inventory work that was completed 192005; however, we also consulted 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 pies¢®CA have attributed to them management
status designations (Tal#l€), as well as global trend and within pakd regional distribution

information (Table28). This information can be used to indirectly attribute some level of

conservation or management importance to the presence of these species in NOCA habitats. The
designations or listings for each species vgathered 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 27. Amphibians and management status for North Cascades National Park Service Complex.

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
Ensatina eschscholtzii Ensatina NL NL Least Concern G5
Pseudacris regilla Northern Pacific Treefrog NL NL Least Concern G5
Rana aurora Northern Red-Legged Frog NL NL Least Concern G4
Rana cascadae Cascaes Frog NL NL Near Threatened G3G4
Rana luteiventris Columbia Spotted Frog Candidate NL Least Concern G4
Taricha granulosa Rough-skinned Newt NL NL Least Concern G5

G: Global; 3: Vulnerable; 4: Apparently Secure; 5: Secure; IUCN: International Union for Conservation of Nature; NL: Not listed
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Table 28. Global trends and distributional extent of amphibians in North Cascades National Park Service Complex. pnw = Pacific Northwest.

Trends Extent
Scientific Name Common Name IUCN NatureServe 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 west
Dicamptodon tenebrosus Coastal Giant Salamander stable wide pnw
Ensatina eschscholtzii Ensatina decreasing narrow west
Pseudacris regilla Northern Pacific Treefrog stable wide pnw
Rana aurora Northern Red-Legged Frog stable narrow pnw
Rana cascadae Cascades Frog decreasing wide pnw
Rana luteiventris Columbia Spotted Frog decreasing narrow pnw
Taricha granulosa Rough-skinned Newt stable wide pnw

IUCN: International Union for Conservation of Nature



4.13.4 Results and Assessment

All amphibians with reasonable potential to occur in NOCA have been detected in tiiEigark

26) with perhapdl exception, the Western Réxdicked SalamandePlethodon vehiculumwhich

occurs near NOCA and has some po&did occur in lower elevation wooded areas on the western
slopes of the Cascade Range. ABnsatina eschscholtziiave been reported in the Stehekin portion
of NOCA, and were collected in pitfall traps near the Park Slough spawning channel in Newhalem
(near the Skagit River) during the i®90s These are terrestrial species and we have not found
records for appropriate terrestrial inventories in NOCA other than in the Stehekin Valley.

Because of the relatively low mobility of amphibians comparedterorertebrates, all species found
in NOCA complete all aspects of their life history within the park. No species present in NOCA is
endemic to the park. Within park trend information for species is currently not available for
populations inside the parkSome monitoring of pond breeding species is ongoyngark staff and
NCCN, and has the potential to provide trend information at very long time intervals (decades).

Amphibian inventories have been thorouwgid completethy park staff and the USGBondand

stream inventories with good spatial coverage have been completed. Nearly all lentic habitats have
been surveyed for amphibians and a large number of streams have been sampled. The only terrestrial
surveys conducted were in the Ross Lakadwat Recration Area. Those surveys appear

reasonably complete.

A large portion of the amphibian locality data (20 databases spanning2D@%} have been
aggregated in a single repg@alvan et al2005. The report has dot maps for all species and all
parks in tle North Coast and Cascades Network.

The main species for which there is some concern regarding their conservation status are Cascades
Frog, Columbia Spotted Frog, and Western Toad. The concern for all of these species is due to
declines in other parts dii¢ir range rather than any information that they are declining in NOCA.

the southern Cascades, 11 populations are known to occur on private ao@vetddands, and the
species has been extirpated form Lassen Volcanic National Park (Pope et alTBéfel)s weak
evidence of declines in the Oregon Cascades; however no information is available for Washington.
The genetically disparate southern populations of the Columbia Spotted Frog are Candidates for
federal listing under the Endangered Species lAttte information is available for the northern
populations. Western Toads have declined severely in Colorado, and there is weak evidence of
decline in eastern Oregon and in the Oregon Cascades. No information, however, is available for
Washington

Rea®nable inventories for all amphibians have been completed. Additional surveys for terrestrial
salamanders might be warranted but any new locations would simply represent minor additions to the
distribution of2 broadly distributed species that are not thought be decligimgatina eschscholtzii
andPlethodon vehiculumNOCA is marginal for these species. Note that the IUCN lists Ensatina as
decreasing due to possible decline& subspecies found in California.
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Figure 26. Distribution of amphibian species in North Cascades National Park Service Complex. Distribution maps revised from maps originally






































































































































































































































































































































































































































































































































































































