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Publ i sherés Note: Natural Reasmpshont¢me@weluationofi o n
park resource conditions. For thisport, most or all of the data discovery and analyses occurred
during the period of 2013 to 2019. Thus, park conditions reported in this document pertain to that
time period. Due to revésl publishing requirements and/or scientific delays, this reportneas
published until 2020.

Executive Summary

The NRCA study tearnompiled existing data and information to characterize the condition and
trendsof high priority natural resources in Samad Island National Historical Park. This report and
the spatial datsets provided with dreintended to inform and support park managers and scientists
in developing recommendations fanotecting andmprovingthe condition ohatural resourcen
thepark.The NRCA caralso assist park resource managers in meetingogting requirements of
the Government Performance Results Act and Office of Management and Budget.

Ten focal resource elements were selected for assessment: Air Quality, Climateaieesh
Wetlands, Nearshore Communities, Vegetation and IGower, Rare Plants, Birds, Vertebrates, and
Habitat Integrity.

Indicatorg(quantitativelymeasurable descriptors) were identifiecevaluate the condition and trend

of these resourceReferenceconditionswereestablishedor each indicatqrthough in sme cases
sufficient data were not available to provide a quantitative evaluation for an indicator. The selection
and identification of indicators even when data are not available for analgsisngportant exercise,
however, because it establishes a feedew data and provides the foundation for future
assessments that may be able to incorporate data that currently do not exist.

For each resource, measures for each indicator selected foedhatce were compared with

reference conditions. In manyses the absence of data for reference conditions and/or the current
state of indicators allogdonly qualitative comparisons, and for those resources confidence in the
assessmentasgenerally lav. Evaluation of all indicators for a resource was made stity to

come to a conclusion regarding the current condition of a resource. With this information the authors
then provided their best judgement on each resource condition in terms of mamagspense

using the term@é G o offdModerateC o n c eorfi@f&ignificant Concera Trends in condition

were described @ | mp r ofivS tnagiioD e © | jomrr Undedectable Binally, as mentioned, the

confidence in each resource assessment waggas'High", "Medium®, or "Low".

The following tablgTableES-1) briefly summarizes the condition of assessed resour&@sJd
The description of the symbols is provided in Chapter 3, and the assessment process for each
resource desitred in the releant section bChapter 4.
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Table ES-1. Summary of condition assessments for all focal resources at San Juan Island National

Historical Park.

SAJH Resource

Condition and
Trend

Assessment

Air Quality (Section 4.1)

Air quality at SAJH is generally good, though visibility warrants
moderate concern. Overall the degree of confidence is medium
because estimates are based on interpolated data from more
distant monitors. No trends are apparent.

Climate (4.2)

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

(4.3)

Freshwater Resources

Very little is known regarding surface water quality or flow, though
there are no indications that either measure is of increasing
concern. There are concerns regarding the potential for increasing
saltwater intrusion into groundwaters. Groundwater supply appears
to be declining due to increasing demand. Confidence in the
condition of either surface or groundwater resources at SAJH is
low.

Wetlands (4.4)

Vegetation has been surveyed for most wetland sites but there is
no ongoing monitoring. Current vegetation information suggests
that approximately one quarter of vegetation cover associated with
wetlands is dominated by non-native species. No trend information
for wetland vegetation is available. Confidence in this assessment
is moderate.
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Table ES-1 (continued). Summary of condition assessments for all focal resources at San Juan Island

National Historical Park.

SAJH Resource

Condition and
Trend

Assessment

Nearshore Resources
(4.5)

Shorelines. The physical conditions of the shorelines in SAJH are
good and erosional processes do not appear to be exacerbated by
human activities. Erosional trends are unknown, however, and
there are few data to quantify physical changes. There are no
obstructions to sediment-carrying currents within the park. Bluff
erosion is a concern, and rising sea levels and more frequent storm
events could result in loss of sand and sediments within park
shoreline zones. Confidence in current conditions is moderate to
high.

Aquatic Vegetation. Although surveys conducted over the past
several decades have documented severe declines in eelgrass
around SJI and in Westcott Bay, the most recent sampling indicates
some recovery. The overall trend is unknown. There are no
indications that kelp is declining in or adjacent to park waters, but
there are no data to indicate current condition. Confidence in
current conditions is moderate.

Marine Invertebrates. Current invertebrate community diversity or
abundance of any particular species is unknown. Invasive species
are an increasing threat, as are rising sea surface temperatures.
Confidence in current conditions is low.

Marine Fish. Surveys in 2004 found no herring spawning near the
English Camp unit of the park despite historic spawning at the site.
Juvenile forage fish continue to be found in low numbers, so the
condition of forage fish overall is designated of concern but trends
are unknown. The abundance of juvenile salmon is unknown, but
there are no historic data to indicate that spawning in park waters
has ever occurred. Confidence in current conditions for nearshore
fish is moderate.

Marine Mammals. Harbor seals and Stellar sea lions are commonly
seen on beaches near park sites and populations appear stable or
increasing. However, no monitoring data are available to determine
trends in the numbers or seasonality of animals that haul out.
Confidence in current conditions is low to moderate.
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Table ES-1 (continued). Summary of condition assessments for all focal resources at San Juan Island

National Historical Park.

SAJH Resource

Condition and
Trend

Assessment

Native Plant Species (4.6)

Golden Paintbrush i The current status and trend of golden
paintbrush at SAJH is unknown but is of concern. Planted
populations at other sites appear to be increasing. Confidence for
the assessment of paintbrush is moderate.

Erect Pygmyweed is listed by the State as threatened, and the
absence of data on the species within the park warrants concern for
the status of the park population. Trends in the park are unknown
and confidence in the assessment of pygmyweed is moderate.

Hal l 6s Aster and iGaltihf ddmahil & sB &ty
California buttercup are of significant concern within the park, with
little knowledge of condition or trends. Confidence in the
assessment for both species is low.

Madrone i The status of madrone in the park appears to be stable,
but the threat of disease warrants concern. Trends are stable and
confidence is moderate.

Terrestrial Vegetation (4.7)

Prairie and Oak Woodlands are rare and generally declining in the
Pacific Northwest, though in the park these habitats are currently
relatively well-managed and are being restored.

Old-Growth Forests are much reduced in extent but within the park
appear stable.

Coastal Strand vegetation appears stable and responsive to
dynamic dune processes.

Birds (4.8)

Bird diversity is high, supported by multiple habitat types in a
relatively small area, though several bird species have been
extirpated and others are at risk due primarily to habitat loss and
degradation. Seabirds face numerous threats, many originating off-
island. Overall bird diversity appears stable while the population
trend for some species is declining. Confidence in this assessment
is moderate.

Non-avian Vertebrates
(4.9)

Almost nothing is known regarding the population size or dynamics
of any native vertebrate species. Several native species are
extirpated from San Juan Island, while non-native rabbits are
invasive. Population trends are unknown for any native vertebrate
species other than deer, though there are no indications that any
native species is declining. Bats are at high risk from white-nose
syndrome. Confidence in this assessment is low.

Habitat Integrity (4.10)

Habitat connectivity has likely improved with efforts to purchase and
protect additional lands adjacent to the park. Very little data exist
regarding dark night skies and natural quiet, though it is unlikely
that either of these indicators are improving. Overall concern is
warranted for park habitats, particularly during summer months
when visitation to the island and the park sites is high. No trends
are detectible and confidence is low.
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Prologue

Publi sherdés Note: Changes in publishing require
in several NRCA reports not being published in a timely manrteese publications reported on

studies initiated in the 2013016 tmeframe. Since Natural Resource Condition Assessments

provide a snapshan-time evaluation of park resource conditions, it is important to note that data

discovery and analyses for ¢hstudy was conducted a few years prior to publication. Thus, park

cond tions reported in this document pertain to t
the beginning of the Executive Summary or Chapter 2 for dates specific to this report.
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1. NRCA Background Information

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

natural resourcesdn r esour ce indicators in national par k
on trends in resource condition (when pos$jbtentify critical data gaps, and characterize a general

level of confidence for study findings. The resources and indicatophasized in a given project

depend on the parkdés resource setting, status o
idertifying high-priority indicators, and availability of data and expertise to assess current conditions

for a variety of potentiesstudy
resources and indicators.

NRCAs Strive to Pr\(

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

reporting on park resource 8 Useful condition summaries by broader resource
conditiors. They are meant to

categories or topics, and by park areas
complemend not replacé \ J

traditional issueand threabased
resource assessments. As distinguishing chaistats, all NRCAs:

O«

f Are multi-disciplinary in scopé;
Employ hierarchical indicator frameworks;
Identify or develop reference mditions/values for comparison against current conditfons;

Emphasize spatial evaluation of conditions and GIS (map) products;

= =4 =4 =4

Summarize key findings by park areas; and

1 Follow national NRCA guidelines and standards for study design and reportingtsroduc

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

1The breadth of natural resources and number/type of indicators evaluated will vary by park.

2Frameworks helpgdeamultidi sci pl i nary selection of indicators and subsegq
¢ conditions for indicators condition summaries by broader topics and park areas

3 NRCAs must consider ecologicalbased reference conditionsysh also consider applicable legal and regulatory standards,
and can consider other managermgpecified condition objectives or targets; each study indicator can be evaluated against one
or mote types of logical reference conditiofeference values cére expressed in qualitative to quantitative terms, as a single
value or range of values; they represent desirable resource conditions or, alternatively, condition states that weidish to av
that require a followup response (e.g., ecological threskoldor management fAtriggerso).

4 As possible and appropriatdRCAs describe condition gradients or differences across a park for important natural resources
and study indicators through a sefG coverages and map products.

5n addition to reporting oimdicatorlevel conditions, investigators are asked to take a bigger picture (more holistic) view and
summarize overall findings and provide suggestions to managers on dy-ame@ basis: 1)y park ecosystem/habitat types or
watersheds, and 2) for othgark areas as requested.



understanding current conditions, and/or presiytthreats and stressors that are best interpreted at
park, watershed, or landscape scales (though NRCAs do nat eepmndition status for land areas
and natural resources lmd park boundaries). Intensive caaseleffect analyses of threats and
stressors, and development of detailed treatment options, are outside the scope of NRCAs.

Due to their modest funding,lagively quick timeframe for completion, and reliance on éxistata

and information, NRCAs are not intended to be exhaustive. Their methodology typically involves an
informal synthesis of scientific data and information from multiple and diverse souexes of

rigor and statistical repeatability will vary bysauirce or indicator, reflecting differences in existing
data and knowledge bases across the varied study components.

The credibility of NRCA results is derived from the data, methods, and megexalues used in the

project work, which are designed to &gpropriate for the stated purpose of the project, as well as
adequately documented. For each study indicator for which current condition or trend is reported, we
will identify critical data gap and describe the level of confidence in at least qualiteives.

Involvement of park staff and National Park Service (NPS) subjatier experts at critical points

during the project timeline is also important. These staff will be asked to askishegelection of

study indicators; recommend data sets, w#shand reference conditions and values; and help

provide a multidisciplinary review of draft study findings and products.

NRCAs can yield new insights about current park resource condiiofjsn many cases, their

greatest value may be the developtraruseful documentation regarding known or suspected
resource conditions within parks. Reporting products can help park managers as they think about
nearterm workload priorities, frame datacgstudy needs for important park resources, and
communicate mssages about current park resource conditions to various audiences. A successful
NRCA delivers sciencbased information that is both credible and has practical uses for a variety of
park decign making, planning, and partnership activities.

( Important NRCA Success Factors \

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

(@4

O«

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

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

However, t is important to note that NRCAs do not establish management targets for study
indicators. That process must occur through park planning and management activities. What an
NRCA can do is deliver sciendmmased information that will assist park magers irtheir ongoing,

longt er m ef forts to describe and quantify a park®

2



targets. In the near term, NRCA findings assist strategic park resource pfamuiriglp parks to

report on government accountabilityeasure$.In addition, although kdepth analysis of the effects

of climate change on park natural resources is outside the scope of NRCAs, the condition analyses
and data sets developed for NRCAs will be useful for &l climatechange studies andgmning
efforts.

NRCAs also provide a useful complement to rigorous NPS science support programs, such as the
NPS Natural Resources Inventory & Monitoring (1&M) Prograifor example, NRCAs can provide

current condition estimates and help establish reéereonditons, or baseline values, for some of a
parkdés vital signs monitor i ne\NP$datdiobelptevaluate. They
current conditions for those same vital signs. In some cases, 1&M data sets are incorporated into
NRCA analyseand repaing products.

NRCA Reporting Product seé

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

0 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)

O Improve understanding and quantificatifon for
Afundamental 0 and Aot her idwauesrt ant o njatur al |
(longer-term strategic planning)

0 Communicate succinct messages regarding current resource conditions to
government program managers, to Congress, and to the general public
(Aresource condition statuso report.i

Over the next several yearsetNPS plans to fund an NRCA project for each of the approximately
270 parks served by the NPS 1&M Program. For more information vis@@A Program wesite.

6An NRCA can be useful during the devgh ment of a parkdés Resource Stewardship Str.
as a posRSS project.

7 While accountability reporting measures are subject to change, the spatial and réfasecendition data provided by
NRCAs willbe usefulé r most forms of FfAresource condition statuso repor
of the Interior, or the Office of Management and Budget.

8 The 1&M program consists of 32 networks natiodwd t hat ar e i mp| e me ngtinionler to Asseisstthee | signso
condition of park ecosystems and develop a stronger scientific basis for stewardship and management of natural resources
across the Nat i onal ardasubket ghysial ehemicalfiavd bioladical slemgnissrntesses of park
ecosystems that are selected to represent the overall health or condition of park resources, known or hypothesized effects of
stressors, or elements that have important human values.


https://www.nps.gov/orgs/1439/nrca.htm
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park resource conditions. For this report, most or all of the data discovery and analyses occurred

during the period of 2013 to 2019. Thus, park conditiop®red in this document pertain to that
time period. Due to revised publishing requirements and/or scientific delays, this report was n

published until 2020.

Chapter 2. Introduction and Resource Setting

Catherin Schwemm and Paul Adamus

2.1. Introduction

Locatked in northern Washington State in Puget Sound, San Juan Island National Historical Park
(SAJH) is located on San Juan Island within the San Juan Archipelago (Figure 2.1). San Juan Island
(SJ1) is the secont@irgest of all the islands at approximatBfy i (143 knf). Two spatially discrete

units 8.6 miles apart, comprise the park: American Camp (1,223 ac/495 ha) is on the southeastern
end of the island and English Camp (923 ac/ 374 ha, including Mitchell Hill and Westcott Bay
additions) is on the nthweg portion of the island. The total area of the two sites is 2,384 ac (965
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Figure 2.1. Map showing regional setting of San Juan Island National Historical Park (NPS).
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2.1.1. Enabling Legislation

In 1966 Congress authorized the National Feekvice NPS) to acquire property on San Juan Island
necessary for interpreting the history of the international boundary dispute that occurred between the
United States and Britain in the ral@80s. Disagreement regarding the true location of the

US/British Canadé&oundary peaked in 1859 when &lfarmer shot @ B r i pig, reshlting in the
eventuallynamedi P i g (WeéH-described in Avery 200dndVouri 2013. The issue was

eventually settled amicably, and the park was established in part to highlgjaitcome as well as

to protect and interpret general historical events that occurred from approxia&&a8iy874(NPS

2008).

The two park sites are named American Camp and English Camp for the p&rsdnitetl States

Army and British Royal marinesgspectvelyd that were stationed and lived at each location.

English Camp also preserves the Crook Family Homestead which was established after the British
ended their occupation of the siRre-contactarchaeological sitemnd historieperiod sites and

structure are present at both locations, and management of the park initially focused primarily on
historic preservation and interpretation. More recently, park planning and management efforts as well
as numerous partners and stakeholders have incrgaingkedon protecting and restoring the

natur al resources and values of the sites. For

2008) identifies natural and scenic resources

2.1.2. Geographic Setting

The Sa Juan I&nds Archipelago is a group of nearly 200 named islands and many hundreds more
unnamed rocks and smal l i sl ands | o25a kn@atross o ut h
Haro Strait, east of the city of Victoria at the south end of Varaolsland British Columbia. The
international boundary runs through Haro Strait, separating the two couht@esndscapes of

American Camp and English Camp are quite different. American Camp is primarily a rolling,
windswept prairie wittspectacular views ohe ocean in most directions (Figure 2.2).

a
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American Camp

San Juan Island National Historical Park

Figure 2.2. Map of American Camp showing terrain features from LiDAR (NPS).

The open landscape at American Camp transitions into forest before extending to the top of Mount
Finlayson (290 f88 m) in the eastenportion of the site. Located on a peninsula that juts between the

Strait of Juan de Fuca and the Strait of Georgia, the $acitlhig marine waters around American

Camp are pushed by the str ongoS$traitdvaile watetenthee nt s an
north side of the peninsula experience similar tidal dynamics but are more protected from wave

impacts. Tides along the shores of SJI are moderate; the average tidal rarige3st4B3 2.7 m;
https://tidesandcurrents.noaa.gov/stationhome.htmI?id=9449880

Wave processes are influenced by seabed topography hundreds of feet offshore, causing waves to
break far from the shoreline. Because ofltlrge fetch (the distana®ser which the wind blows
unobstructed) along the southwest shoreline at American Camp, wave intensity can be great,
especially during storms. Along both the south and north shores of American Camp, currents are
mostly west to edsand intertidal areag@ primarily composed of cobble and gravel (Fradkin 2011).
On the south shore of American Camp the intertidal zone is mostly gravel and cobble with some
mudflats (Fradkin 2011).

In contrast, English Camp (Figure 2.3), located &ortarthwest of Americandnp on Garrison Bay,

is primarily comprised of forest and oak woodlands with some small cleared areas around developed
sites. The topography at English Camp is flat or gently sloping neprafotentact andhistorical
settlement$ut to the east rises sipdy to the high point of Young Hill (650 ft/198 m). Adjacent to
English Camp otthe east is a fairly large and contiguous area of unfragmented forest. Within the

unit, 25ft (7.6 m)wide West Valley Road creates the only lineagrapg of significant exta in the

forest canopy.


https://tidesandcurrents.noaa.gov/stationhome.html?id=9449880
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The coastline of English Camp is relatively sheltered from ocean winds and currents, so tidal and
open water influences are less a fadtorshoreline processes here than at American Camp. There

are no sandy beaches at English Camp; intertidal areas withsadlysediments support rich

shellfish communities (Flora and Fradkin 2004), while other siteg€omposed of rocks and gravels
(Fradkin 2011). These restricted circulation patterns also increase the risk of elevated bacterial counts
and lowoxygen events harmful to aquatic life.

2.1.3. Jurisdiction and Adjacent Land Use

Though the two NPS sitesake up a relatively small portion 08i57%), an additional 8% of the

island is protected by state and county parks and lands owned by the San Juan County Land Trust,
San Juan Preservation Trust, State of Washington Lands Division, and the Universisraohdton.

Two areas of commercial agty and settlement are Friday Harbor, approx. 4 mi (6.4 km) north of
American Camp, and Roche Harbor, 1 mi (1.6 km) north of English Camp. The population of SJl is
approximately 7,000 people and the island is ontesasible by boat or airplane.

Lands drectly adjacent to American Camp to the east are managed for conservation by the
Washington Department of Natural Resources (DNR) and the San Juan County Land Bank, however,
further east is a housing development tlzat only be accessed by a road thasrimough American

Camp. To the west of the unit is another housing development that is not yet completely built out
(there are still open lots). To the northwest of American Camp there are narrow wooded corridors,
sone of which are protected within therBduan County Land Bank, that connect with NPS lands to
create approximately 500 ac (202 ha) of protected woodland.

While jurisdictional responsibilities of NPS for the upland portions of the two park sites areetglativ
straightforward, management of thleoreline and coastal segments is shared with other agencies.
Collectively the two park sites encompass approximately 6.1 mi (9.8 km) of marine shoreline (8% of
the SJI total). Ownership of most of the intertidal zenetained by the State of Washingtender

the jurisdiction of DNR, however, NPS jurisdiction extends to the extreme low tide line from the

cli s west of Alaska Packerés Rock (American Ca
of South Beachyrisdiction extends only to the meaigintide line.Along the north shore of
American Camp,theur i sdi cti onal |l ine meanders from Gr anc

American Camp and along a short stretch of shor
American Camp NPS audrity extends to the mean high tide line along Fourth of July Beach from

the northwestern boundary to west of First Lagoon. At English Camp the park owns tidelands from

the northern edge of the parade ground south to the park boundary with the rensinglenined

by the state.

2.1.4. Cultural Significance

Archeological excavations of prehistoric sites in the San Juan Islands, including two at American

Camp, provide evidence that humans were active in the islands throughout the Holocene as far back

as 9,00 ybp (Hammond and Hoke 2004, NPS 2008). The abundant resources of the San Juan Islands
and the surrounding ocean all owed the ancestors
the islands and the mainland to utilize resources seasonally. Nabpie ere used both upland and

marine resources on the island, in particular the prairies that were maintained (prevented from
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succeeding to woodland) by intentionally set fires that perpetuated plant species useful for food and
medicine. Intertidal resoces, particularly shellfish populations in the relatively sheltered Garrison
Bay, as well as immense salmonid stocks were all important sources of food. The history and
relevance of SJI and tlweltural sitedo native peoples are important values of SAditioutside the

scope of this report; for more background the reader is referred to sources such as Stein (2000) and
Avery (2004).

The two periods of significance for which SAJH was established are 1) the presence of the US and
British military from 1859 1874, and 2) a period of homesteading represented primary by the Crook
family at English Camp frok875 1963(NPS 2008)As described above, the presence of troops

from both countries on the same, relatively small, island for many years represents asomewh
unique occurrence that ended peacefully, unlike most other interactions between the US and Britain
during that period (Vouri 2013). Both sites provide important evidence of how each army lived,
construction methods, family associations and relationstitbsthe native people (Hammond and

Hoke 2004, Gilbert 2004).

2.1.5. Visitation Statistics

Between 2007 and 2016 annual visitation ranged from ~221,000 to ~316,000, with an average for the
period of ~266,000. In 2016 the number of visitors afggroximatey 22% greater than in 2015
(https://irma.nps.gov/stgtsThough it is primarily an historical park, SAJH provides excellent
opportunities for quiet and solitude, hiking, whalatching, and other lovintensity otdoor

activities.

2.1.6. Relevant Regional and Landscape-scale Information

The park is in an ecoregion known as the Puget Lowland (sometimes referred to as the Puget
Trough). It is also part of a region called the Salish Sea, which includesStugel, tle Strait of

Juan de Fuca, and the Strait of Georgia. Marine scientists also refer to the area within which the park
exists as the Georgia Basin, and the park falls within Water Resource Inventory Area (WRIA) 2 as
recognized by Washington Statatural resarce agencies.

In recent times San Juan Island has moved gradually from a mostly agrarian landscape (including
logging) to supporting a high level of tourism and vacation and retirement home developments.
While this change has led to some amagfdand cowersion to housing and related commercial and
industrial uses (Kondo et al. 2012), some areas of the island have received greater protection. In the
vicinity of English Camp, three separate landowners have constructed trails that link tothee ano

and tothe English Camp unit creating a unique network of historical and natural reselatesl

hiking experiences.

San Juan County is the only county in Washington that has passed a real estate excise tax for
purchasing and setting aside significamounts bland for permanent protection from intensive

development. Countgwned parks and land bank programs and the San Juan Preservation Trust have
together protected over 9% of the countyds area
th e c o arentiswith®m San Juan Island National Historical Park or owned by other Federal or
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State agencies or private conservation groups. Several efforts exist that try to integrate island
resources stewardship (eldtp://www.sjcmrc.org/media/1161/mgsan-02-jul-2007final.pdf).

2.2. Physical Resources

2.2.1. Air Quality

Because the land is surrounded by oceanic processes, air quality on islands is usually better than
equivalent nainland sites, but as far as is known there are no State or local agency air quality
monitoring locations on San Juan Island. Section 4.1 describes NPS efforts to monitor and assess air
guality at SAJH.

2.2.2. Climate

The climate of the San Juésiands isaffected mostly by oceanic influences and topography, with
temperatures moderated by the damping influence of the ocean and rainfall limited by the Olympic
Range to the southwest. Summer high temperatures are rarely 6V8fHR 1L 24°C, whilewinter

lows average above freezing; temperatures are generally warmer at American Camp. Records from
the Friday Harbor airport (approximately®mi/10' 11 km from both sites) show that the highest
temperatures (105°F/21 24°C) normally occur in late Auguand low emperatures (3%0°F/2

5°C) in early Januanh(tps://climate.washington.edu/climadata).

The high levels of precipitatiaimat the Pacific Northwest (PNVi§ known for are produced by
easterrPacificstorms TheOlympic Mountains often lie directly in the path of these stgransl
orographic lifting causes much of the precipitation to fall on the mountains before it rdeeiSes
Juan IslandsAs a resulthe Puget Sound region receives mleds rainfall than most of western
Washington, and this relative aridity is an impaittdriver of park ecosystems. The southern portion
of SJI is very dry; near American Camp on soetheasénd of the island average annual
precipitation is only 19 in48 cm), while at a slightly higher elevation and 88 km) to the north,

EnglishCanp6s wupper sl opes average 29 in (74 cm) of
Occasionally in the winter months, freezing temperatures and strong northeasterlycgindsten
low-pr essure systems o t he coast rhrodghthe Fraker out br e .

River Valleyin British Columbia(Garland 1995). The climate of SAJH is discussed in detail in
Section 4.2.

2.2.3. Dark Night Sky and Natural Quiet

Dark night skies and natural quiet have been identified by NPS as important natwetesso

addition to their values as part of the visitor experieNeghttimelights on SJI in the region of

SAJH are generally absent, though regional light from the @iVictoria is increasing. The island is
also relatively quieaside from overfligts and general traffic noises. These resources are addressed
in Section4.10Q

2.2.4. Geology

Three distinct periods of geologic development are responsible for the itmrmoathe San Juan
Islands. Tectonic processes resulting from the interaction dahé American and Farallon plates
dominated during the Paleozoic and Mesozoic periods approximately 100 to 84 million years ago
(mya). Subsequent strong glacial evenisrdy the Pleistocene deposited approximately 1,800 m of

11


http://www.sjcmrc.org/media/1161/msa-plan-02-jul-2007-final.pdf
https://climate.washington.edu/climate-data/

ice over what are now the aslds. As these ice masses moved they carved the bedrock resulting in
much of todayds visible |l andscape (Clague and J
13,600 mya and then the land lifted a result of isostatic rebound upon melting oflaeiers

followed by coastal erosion and glaamabraine and outwasieposition. The relatively flat area at

American Camp was created by deposits left aglaal front melted backThe intertidal

shorelines of both American Camp and English Camplam@nated by unconsolidat@dorly-
sortedfluvial-glacial sedimentgpartially reworked by shoreline procesg€saham 2014).

v

Glacial erratics on ground moraine at American Camp. (NPS)

2.2.5. Hydrology/Water Quality

The par kods | i mit eisethe betdevatersroevery smallclaevatian evagysheds

that drain almost immediately into marine waters. Although relatively little surface water drains into
the pak and most areas that immediately adjoin the park are managed for conservatioalityre qu

and quantity of the park’s limited water are vulnerable to outside impacts. One of the greatest water
resource concerns is intrusion of saltwater into groundwatst for drinking (SJC 2004). The San

Juan Islands are a mixture of fractured bedragkfars and bedrock overlain with glacial deposits;
both aquifer types occur at both SAJH sites. Withdrawal of groundwater by residences directly east
of American Camp tethe potential to endanger the availability and quality of groundwater and
surface weer within the park, especially if compounded by longer droughts that might be associated
with regional climate change. The rate of groundwater withdrawal by thesen@sdeat would be
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sustainable and not threaten park resources is unknown; wateicessare already often less than
neeakd particularly in the summer. The freshwater resource of SAJH is assessed in Section 4.3.

2.2.6. Fire

Prior to human settlement the region, firesvere likely uncommon given the relatively wet
conditions of theoeriod (Leopold et al. 2016). When humans arrived they began using fire to clear
forests and maintain open prairies which provided plants more useful for food and maieaajs (
2004). Consequently hte extant prairie and oak woodlamisv requireregula fires to set back
successiothat would otherwise allow woody species teestablisn(Pellatt and Gedalof 2014Fire

is discussed in more depth in Sectbi

2.3. Biological Resources

2.3.1. Vegetation Communities

San Juan Island National Historid2drk is within an area that historically included a mix of lowland
conifer forest, extensive dry and wet prairies, coastal bluffs, and beach/strand habitats (Agee 1984).
Theisland is located in one of the driest areas of western Washington, direceyrairttshadow

cast by the Olympic Mountains to the southwest. Prairies that once covered many areas of the region,
but now are rapidly disappearidge to developmepare akey feature of the park. In a region that

grows trees so well and is dominatedfbsest, the occurrence of prairies appears anomalous,

however, these areas were historically created and largely maintained in their treeless state by
frequent burns initiate by Native Americans (Boyd 1999).

A significantamount of the existing vegetatitiad already been cleared for agriculture or logged

prior to establishment of the park (Avery 2004). Currently the park supports 25 vegetation

associations considered by WWashington Natural Heritage Program tofbé mp e orinlCe d o i cal | y
I mp e rwithirel\dashington or globally (TableD). Prairies are a dominant community type at

American Camp (Dunwiddie and Bakker 2011). Oregon white oak (or GarrQo@kcus garryanp

woodlands are declining regionally but are wepresented at English Camp (AgE987). Prairie

and oak woodlands have declined in extent due largely to prolonged fire suppression and herbivory,
though substantial recovery of several vegetation comiaatiais occurred with time and aided by

modest restoration efforts. The vegetatiesource is assessed in Secdon

Table 2.1. Vascular plant associations designated as "Imperiled" or "Critically Imperiled" within
Washington or globally by the Washington NHP, and reported in the park's American Camp (AC), English
Camp (EC), and Mitchell Hill (MH) units by Rocchio et al. (2012). X = present at that location.

Plant Association Habitat AC | EC | MH

Festuca rubrai (Camassia leichtlinii, Grindelia stricta var. stricta)

Bald/bluff X T T
Herbaceous

. . . . Coastal sand
Festuca rubra’i Ambrosia chamissonis Herbaceous Vegetation i X T T
dunes/ spits

. . I
Festuca rubra Stabilized Dune Herbaceous Vegetation Coasta sgnd X T T
dunes/ spits

Pseudotsuga menziesii / Symphoricarpos albus 1 Holodiscus discolor

Dry forest X T T
Forest
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Table 2.1 (continued). Vascular plant associations designated as "Imperiled" or "Critically Imperiled"
within Washington or globally by the Washington NHP, and reported in the park's American Camp (AC),
English Camp (EC), and Mitchell Hill (MH) units by Rocchio et al. (2012). X = present at that location.

Plant Association Habitat AC | EC | MH
Thuja plicata i Abies grandis / Polystichum munitum Forest Mesic forest X X X
Thuja plicata / Gaultheria shallon Forest Mesic forest X X X
Quercus garryana / Symphoricarpos albus / Carex inops Woodland Oak woodland X i i
Populus tremuloides / Carex obnupta Forest Wetland X i i
Festuca rubra Coastal Headland Herbaceous Vegetation Bald X i i
Salix hookeriana 1 (Salix sitchensis) Shrubland Wetland X i i

Coastal sand

Leymus mollis ssp. mollis i Abronia latifolia Herbaceous Vegetation . X I I
dunes/ spits
Pseudotsuga menziesii / Gaultheria shallon 7 Holodiscus discolor .
Dry forest X I X
Forest
Pseudotsuga menziesii / Rosa gymnocarpa i Holodiscus discolor /
g . . 9y P Dry forest X ) X
Festuca occidentalis Forest
Pseudotsuga menziesii i Arbutus menziesii / Holodiscus discolor
Dry forest X X X
Forest
Cornus sericea Pacific Shrubland Wetland X T T
Malus fusca i (Salix hookeriana) / Carex obnupta Shrubland Wetland X T T

) Gax % Larkton Protoganher 20151

il e Tl

Garry Oak (Symphoricarpos albus) on Young Hill, English Camp. (NPS)
14



2.3.2. Plant Diversity

Considering the relatively small size of the park, the floral resource of SAJH is exceptionally diverse.
Rochefort and BivinZ010)reported a total of 400 species in the park, which represents about 60%

of the approximately 684 species recorded for SJI as a whole. Of the total number of species,
approximately 30% are neamative Rocchio et al. 201)2

There are approximately 28ant pecies that occur throughout San Juan Countyatigaidentified

as having some level of either State or Federal conservation status by the Washington Natural
Heritage Programhftp://www.dnr.wa.gov/publications/amp_nh_vascular_ets.pdf?9h82Biee
speciesCrassulaconnata Sanicula arctopoidesandCastilleja levisectd are noted from San Juan
NHP or Ft. Casey SHhere are only 12 known naturally occurring populaiofC. levisecta
(golden paintbrush) and five these occur within the Saman and Gulf Island$he speies is
federally listed as threatened and is likely one of the few plants that serve as a larval food plant for
endangered checkerspot buttedlidescibed below;Dunwiddie et al. 2016)Iwo additional species
listed as threatened were recorded as praséhé park by Rochefort andBin (2010), including
Symphyotrichum hallandRanunculus californicu®©ne additional species, the lichdirebla
cephalota i s pr op o s édnclaspon din the propasdd irave enascular plants list for
Washington StatdRare plants are addressed in Section 4.6.

Native lily (Triteleia grandiflora, var howellii), American Camp prairire. (NPS)

15


http://www.dnr.wa.gov/publications/amp_nh_vascular_ets.pdf?9h8287

2.3.3. Terrestrial Invertebrates

Aside from the focused efforts on island marble butterflies (discussed b#eve have been no
comprehensive published inventories of terrestrial invertebrates in theapdrktatus andeinds of

insects is largely unknown. Hower, o butterfly species the region aref conservation concern

and have been relatively well studidda y | or 0 s (Ebphydrikas edisha taylarbchultz et

al. 2011, asubspecies of Edith's checkerspot, has been designated as a Candiddegdblisting

under the Endangered Species Act, and the WDFW lists it as a Species of Concern. Only 14
populations are known, all in Washington and Oregol émost threequartes of the known

populations occur at only two sites, one of which is in B&m County on private land where its
current status i s unknown. Taylorodés checkerspot
Camp but it has not been reliably documédnte Pr ef erred habitat for Tayl
unmowed grasslandsid rocky outcrops, especially where native grasses are dominant near

shorelines.

Before its rediscovery on San Juan Island in 1998staed marbléutterfly Euchloe ausonides
insulanu$, a subspecies of the large marble buttevfigs believed to bextinct (Jordan et al. 2012).
At present the San Juan populafitotated in the parks the only viable population known, existing
in prairie and coastal shoreline habitats. In 20@known or potential sites in San Juan County
were surveyed, and theasid marble was found at 16 sites, most in one of three areas: theasbuth
regionof SJI (including portions of American Camp), the San Juan Valley on SJI, and the central
valley d Lopez IslandCurrently the island marble is only known to occur withirabsites
immediately adjacent to American Cangm May 5, 2020, the USFWS determined endangered
species status under the Endangered Species Act of 1973 (Act), as amendeds|&ordimearble
butterfly (and designated critical habitat). In total, apprately 812 acres (329 hectares) were
designated, which fall primarily in the American Camp Unit of SAJH.
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Island Marble Butterfly, American Camp prairie. (NPS)

Host plants includéumble mustardSisymbrium altissimum, vy e | dBrasgica campestrs (

and Puget Sound peppergrassgidium virginicum menziejiall of which occur in SAJH (Pyle

2004, Lambert 2006). In addition to its larval food plants, the island marble depeatifeast 10

di erent pl ant s Iflandmarbleschavieeen olfséryed layin@e@ds 4n)other

mustard species, however plants desiccated before larvae fully matured indicating that they may not
be viable host plants.

Valley silverspobutterflies (Speyeria zerene bremné@réind sanererbena Copablepharon fuscum

moths are candidates for listisgndverbena moths are known to be present in the park but the status
of valley silverspots in SAJH is unknowhhe rare purplish coppekrycaena klloideg and

Propertius' duskywingHrynnis propertius arespecies beingionitoredby WDFW, both are

documented from park sites but very little additional information is available regarding their
distribution in SAJHWDFW Priority Habitats and Specieatdbase).

2.3.4. Marine Invertebrates
Marine invertebrates are abundanpark nearshore waters. Shellfishing for clams and crabs occurs
in Westcott and Garrison Bays, including on NPS property. The pinto ab&laletis
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kamtschatkang a shellfish whose populations have decliteethe point wheréarvesting in the

region isnow prohibited, is present in the vicinity of both American Camp and English Camp. In the
inside waters of Washington, abalone is currently found only in thd&anlslands and the Strait of
Juan de Fuca (Dethier et al. 2006). Marine invertebrates sgesasl in detail in Section 4.5.

2.3.5. Vertebrates

Fish

The nearshore areas of SAJH support populations of both juvenile salmonids and forage fish (species
geneally identified as prey for salmon, seabirds, and marine mammals). Eelgrass beds in particular
provide habitat for young salmon and small prey fish, and these sites have been in decline in recent
decades, as have many individual species of salmon. Fislddmessed in Section 4.5.

Birds

Because of the availability of ocean and terrestrial resseutice San Juan Islands support a diverse
community of avian species including landbirds, shorebirds, waterbirds, raptors, and seabirds
(Vilchis et al. 2015). Oyl one bird species that is regularly present in the park is currently federally
listed: the mebled murrelet Brachyramphus marmoratysmvhich does not nest in the park due to the
absence of olgrowth forest whicht requires feeds regularly in marine was adjoining both units

of the park. Larger numbers (up to 100 individuals) can occur asimGriffin Bay adjoining
American Camp. Marine waters of the San Juan Archipelago contain perhaps the highest
concentrations of marbled murrelets in the Padiforthwest, however populations have been
declining for some time (Miller et al. 2012, Falkxad Raphael 2016). The San Juan Islands also
support high nesting densities of bald eaghali@eetus leucocephalyand peregrine falcons

(Falco peregrinuy ard bald eagle nesting in the park has been documented. Birds are assessed
specifically in Sectin4.8,

18



Juvenile Pileated Woodpecker (Dryocopus pileatus), English Camp. (NPS/M. Davis)

2.3.6 Amphibians/Reptiles/Mammals

Though amphibians are common in much of the PNW, amphibian diversity on SJI is relatively low
due to the dry climatic conditions. Rée diversity is even lower with only a few species recorded
from all the SJI. Mammal communities include small and mediim@ species, but all of the large
mammals other thablacktailed deer(Odocoileus hemionus columbiahisve been extirpated.
Non-native species, in particul&uropearnrabbits(Oryctolagus cuniculys have had serious

negative impacts on vegetation resmes and other processes since their introduction during the
military period of the park. Though deer are native, in the absdhasge predators, populations of
deer have increased to levels where they also cause damage to vegetation. The vestainedase
assessed in Sectidm.

2.4. Threats to Natural Resources
Theprimary threats to natural resources in SAarEl discusselriefly below. Specific threats and
stressors to individual resources are discussed in de@ilapter 4.

2.4.1. Invasive Plants

Rochefort and Bivin (2010) estimated tlB80% ofthe vasculaplant species in the park are exptic

and Rocchio et al. (20)2eported 52% of all mapped area at American Camp classified as ruderal
(species that colonize disturbed lands), with legsnglish CampSome invasive plant species are
classified as finoxious weedsoO by g fovbwlogcahent | ur
effects, and control of them is required by law. Noxious weeds that are common on the island or are
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likely to appear (or reappear) in the park include Scotch br&ymstisus scopariysand yellow
archangell(amiastrum galeobdolgiable 2.3.

Table 2.2. Species designated as Class A, B, or C noxious weeds in Washington, and reported from the
park. Sources: NPSpecies, National Park Service 2008, and https://extension.wsu.edu/sanjuan/noxious/
(Alsod Draft Noxious Weed List for 2020: https://s3.wp.wsu.edu/uploads/sites/2054/2020/02/2020-SJC-
Noxious-Weed-List DRAFT6.pdf) .

WA Weed
Scientific Name Category

Centaurea stoebe* B

Cirsium arvense

Cirsium vulgare

Daphne laureola*

Dipsacus fullonum ssp. sylvestris*

Geranium robertianum*

Hedera helix*

Hypericum perforatum

Hypochaeris radicata

Leucanthemum vulgare

Phalaris arundinacea

Rubus armeniacus

ojojojojojojofw|ofw]|o|oO

Rubus laciniatus

o]

Senecio jacobaea*

* Species selected for control within San Juan County

2.4.2. Invasive Animals

The European green crabgrcinus maengswas recently found on San Juan Island, and the
establisiment of thespecies in the Salish Sea may have been the result of warmer ocean temperatures
(Yamada et al. 2017). European green crabs arrived on the North American continent near Cape Cod
nearly 19 years ago, and have expanded their range across thedlGaada to the West Coast.
European green crabs are strong predators of many native invertebrates including species of
economic value such as Dungeness ckédtgcarcinus magisteMach and Chan®L3).

Introduced European rabbits have impacted vegetatidrsoils in many areas of the park. Non

native rabbits werérst documented on SJl in 1929 (Couch 1929), and by the early 1930s the rabbit
population had increased dramatically, especially wittnAmerican Camp unit of the park. In

some years rabbitgave inhabited over,Q00 ac(405 ha)of the prairie at American Camp and

adjoining areas. Population size has been monitored since the early 1970s and has fluctuated since
that time but at any leels the nomative rabbit population poses a threat thveavegetatioNPS
2010).Rabbit population dynamics are discussed in detail in Seét8n
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2.4.3. Climate Change

Climate change is already affecting natural resources and ecological systexiblaS8abirds,

marine mammals, and other marine life altimg park's shorelines in particular are facing threats
from ocean warming, acidification (Feely et al. 2012), and changing sea levels. Climate change is
discussed in Section 4.2, and speafileds of climate change on ocean processes are discussed
sepaately in Chapter 5.

2.5. Resource Stewardship

2.5.1. NPS Inventory and Monitoring Program

The park is included in the NPS Inventory and Monitoring (1&M) Vital Signs Program (Weber et al.
2009). Todate, a relatively comprehensive inventory of the pali¢a has been completed
(Rochefortand Bivin 2010 as well as detailed mapping of vegetation associations (Rocchio et al.
2012). Vegetation response to controlled burns and invasive plant cofdrtd Bhs been monitored

to varying degrees.

Landbirds hag been monitored along standard transects for over five years as reported by Siegel et
al. (2006, 2007, 2008, 2009), Wilkerson et al. (2010), and Holmgren et al. (2011, 2012, 2013).
Preliminary sureys have been conducted of intertidal fish (Fradkin 2B@4mer and Fresh 2012),
amphibians, and bats. No systematic surveys have been conducted of intertidal invertebrates,
seaweeds, seagrasses, marine birds, marine mammals, terrestrial mammals oremiites flies and
other terrestrial invertebratdd.onitoring of visibility, air quality, and water quality and quantity has
been very limited, and there has been no systematic monitoring of dark night sky or the park's
soundscape.

2.5.2. General/Resource Plans and Natural Resource Documents
1 20147 San Juan llsnd National Historical Park, Geologic Resources Inventory Report
(Graham 2014)Graham summarized the geologic history, resources, and management issues
for the parkand providedin updated geologic map.

1 20081 General Management Plan 2008 (NPS 2008ith relevance to natural resources, the
SAJH GMP focused on a) protection of increasingly rare vegetation communities such as
prairie, mixed coniferous and Garry oalsthe coastal marine community; c) freshwater
resources; and d) rare plants.

1 20061 Assesment of Coastal Water Resources and Watershed Conditions at San Juan
Island National Historical Park (Klinger et al. 20Q6)he predecessor to the NRCA, this
WRCA summarized current knowledge regarding both freshwater and marine hydrologic
resources, exisg data, and ongoing management issues.

1 20051 San Juan Island National Historical Park: Fire Management Fiiarvironmental
Assessment (Rankin 2005he FMP focusegrimarily on fire history and the role of applied
fire in restoration of vegetation conumities of conservation concern.
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1 20041 San Juan Island National Historical Park: An Environmental History (Avery 2004).
This report summarized both the historic natlandscape, as far as is known, and the
interactions of humans with the natural envimamt of SAJH to the present (2004).
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Chapter 3. Study Scoping and Design

By Catherin Schwemm arithul Adamus

3.1. Background

This project wagonducted intireephasesThe first phase, started in 2008the University of
Washington(School of Forest Resources)as designed arouncha@ixed group of graduate and
undergraduate studentsa for-creditclass The original intent was to complesanulti-park project

for Ebeyb6s Landi ng NEBLA),&ortd&/ancobverdNationaliHistaric SitRe s er v e

(FOVA), San Juan Island National Historical P&AJH), and Lewis and Clark National Historical
Pak (LEWI). A variety of limitations preventedompletion of the multpark projecfor EBLA and
SAJH

Thesecondphase started in 2012 by Oregon State University, focused on EBLA and SAJH. A
scoping workshop including the study team and NPS resourceksgtsdrom the North Coast and
Cascades NetworfNCCN) and regional office in Seat{{®l. Bivin, J. Boetsch, T. Cummgs, M.

Davis, E. Gasser, C. Holmquist, K. Kopper, R. Kuntz, M. Larrabee, A. McCoy, T. Neel, A.
Rawhouser, R. Rochefort, J. Riedel, L. bayC. Thompson, and J. Weaver) and other scientists

from the two parksvas held aE b e y 6 s NationatHistorigd Reserve The session included a
discussion of NRCA objectives and potential data souifidesstudyteamthentraveled to San Juan
Island National Historical Park and discussed issues at both the American Camp and English Camp
units.

The phase two studgam was coordinated by Paul Adamus of Oregon State University. Under his
guidance the vegetation information was collected and summényzBdter Dunwiddie of the
University of Washington, the air quality information organized by Tonnie Cummings of the
National Park Service, and the climate change information collected and summarized by Paul
Adamus and Anna Pakenhdof Oregon State Univsity) with data and GIS analysis and support
from Michael Ewald. The remainder of the second phase of the study sessed and written
primarily by Paul Adamus. The third phase included a review and modification of resource topics,
(including the eliminaon of Natural Quality of the Park Experience), organization of the material
into the required NPS NRCA structure daadditional writing and editing to update some topics. The
third phase was coordinated by Marsha D&MBS) and the writing and editimpnducted by Cathy
Schwemm of the Institute for Wildlife Studies.

3.2. Study Design

3.2.1. Focal Study Resources
IN205, the NPS North CascadeWebétetalv2000)kdénsifiedthet a |
following as important natural resource comseatSAJH

i Effects of European rabbits on vegetation and soil properties
1 Restoration of prairies

1 Occurrence and edtts of &otic plants
27
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=

Impacts from visitouse

=

Development arounthe park
Effects of dobal climate change
1 Impacts from @ spills ard other catastrophic anthropogenic events

As part of the soping process for the NRC#e above list was synthesized with more recent
observations and concerns regarduagural resource and ten focal natural resource themes selected
for the SAJHNRCA:

1 Shoreline erosian

Hillslope erosior(rill and gullying).

Wetland and ripariaareas

Invasive speciefplant, animal) and areas with evidence of invasive plant or animal species
Fire regimes

Native plant restoratian

Areas of pristine or olgirowth vegtation

=A =\ =2 =4 =4 =4

Habitat and populations of focal species; areas of focal species
Solitude and silence
1 Urban encroachment/rural development

Both the NCCN and the SAJH lists presented above include strésgprsffects of rabbits, invasive
species) and elemtnof the visitor experiende.g. solitude and silence) in addition to natural
resouces. Because NRCAs are intended to assess conditions of natural resources and ecological
processes only, subsequent discussions during the sewdthiral phases of thegjectresulted in a
reorganization of the selected focal natural resourcesdritne ecological framework selected for

the study.

3.2.2. Indicators and Reference Conditions

An ecological indicator is any measurable attribute that provides insighthénstette of the
environment and provides information beyond its own measurgiidenn 2003). Indicators are
usually surrogates for properties or system responses that aiffitadt or costly to measure
directly. Indicators differ from estimators in tHfanctional relationships between the indicator and
the various ecological attributes are generally unkn@MaeKelvey and Pearson 2001).

Not all indicators are equally inforatived one of the key challenges of an NRCA is to select those
attributes whose Vaes(or trends) provide insights into ecological integrity at the scale of the
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ecosystentKershner et al. 2011)n developing the list of indicators and specific measuhestdam
considered the idealized guidance of Harwellefla® 9 9 ) : i Wtererfeedltobé ndi c
understandable to multiple audiences, including scientists, policy makers, managers, and the public;
they need to show status and/or condition over timeftzarg should be a clear, transparent

scientific basis for the assigned conditin.

For the resource elements selected for the SAJH NRCA, indicators were identified based largely on

those described for focal resources within the North Coast and Cascadles Nét 6 s Vi t al Sigr
planning proces@Neber et al. 2009). Higher priority was ag®d to reviewing data for indicators

that were a) collected according to a standardized protocol, b) from multiple years and with the

greatest time span, and/or c) from nplé&ilocations within the park. The team assessed most

indicators at the unit orgok scale, although connections to regional conditions were noted where

supported by previously published or our own analyses. Depending on the indicator being examined,

the amoftenused either San Juan Island or San Juan County as the frame of eeferg¢hese

comparisons.

For each indicator the team then attempted to define reference conditions against which present
conditions could be compared. A reference conditiop beaa historical conditioe.g., pre

settlement land cover), an establishedagoal thresholde.g., EPA standards for air quality), or a
targeted management goal or objecfeg., 90% control of an invasive species for at least ten
years). In thigroject, the team mostly used gmettlement historical conditions as best ay twuld

be determined or surmised.

3.2.3. Ecological Framework

The team reviewed and considered several frameworks for organizing this NRCA effort and
ultimately decided to flow the National Park Service Inventory and Monitoring FramewBancy
et al. 209).This framework assists in the selection of resource elementuiasdquertcosystem
systhess byorganizing all natural resouces and processes in a@adther nattal system) into
five categoriesAir and Climate, Geology and Soils, Water, Bigical Integrity, and Ecosystem
Pattern and Process.

Table 3.1. Focal natural resources of SAJH selected for assessment, presented within the NPS
Ecological Framework (Fancy et al. 2009).

Level 1 Category SAJH Resource Indicators

O«

Visibility
Ozone
Nitrogen and Sulfur Deposition

O«

Air Quality (Section 4.1)

O«

Air and Climate

O«

Temperature

Climate (4.2
(4.2) Precipitation

O«

Geology and Soils*

*Though no resource is included in the soils category, erosion of bluffs and shorelines is addressed in relation to
several resources in Chapter 4.
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Table 3.1 (continued). Focal natural resources of SAJH selected for assessment, presented within the
NPS Ecological Framework (Fancy et al. 2009).

Level 1 Category SAJH Resource Indicators

O«

Surface Water Quality

Surface Water Quantity (Flow)
Groundwater Quality
Groundwater Quantity (Levels)

O«

Water Freshwater (4.3)

O« O«

Wetlands (4.4)

O«

Plant Species Composition

O«

Extent of Kelp and Aquatic Plants (Seagrasses)
Intertidal Invertebrate Diversity

Forage Fish Diversity

Abundance of Juvenile Salmonids
Presence/Absence of Marine Mammals

O« O«

Nearshore Resources (4.5)

O¢ O«

Native Plant Species of Concern
(4.6)

O«

Abundance and Extent by Species

Extent of Prairies

Plant Species Diversity in Prairies
Presence/Absence of Obligate Bird Species
Extent of Oak Woodlands

Coastal Strand Species Composition

O«

Biological Integrity

O«

Terrestrial Vegetation and Land
Cover (4.7)

O« O¢ O«

O«

Species Diversity by Habitat

Birds (4.8 . .
(4.8) Presence/Absence of Rare and At-risk Species

O«

O«

Species Diversity of Amphibians and Reptiles
Species Diversity of Mammals
Presence/Absence of Invasive Species

Deer Abundance

O«

Vertebrates (4.9)

O« Ox

O«

Connectivity
Dark Night Sky
Natural Quiet

Ecosystem Pattern

and Processes Habitat Integrity (4.10)

O«

O«

*Though no resource is included in the soils category, erosion of bluffs and shorelines is addressed in relation to
several resources in Chapter 4.

3.2.4. Data and Methods

To identify relevant documents for review, the team began with a search and retrieval of reports and
information from the NPS bibliographic datab@é&M A, Integrated Resource Management

Applications). The team augmented that dasah#sing online search engirfééeb of Science,

Google Scholar) to identify newer publications as well as locating relevant documents pertaining to

the region surrounding thep& , searching with phrases such as
and Nn&eBrgait. o The team o (PDks)ohneady publicatipnsthat e di gi
reported relevant research results from the park and surrounding region. The team #eshalide

digital documents in an Excel spreadsheet so they could be sortqudogrid year, and prioritized

them for review.
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3.2.5. Reporting Areas

This park does not have large conventional watersheds due to its small size, relatively low
topographic reéf, and adjacency to marine waters. Therefore, as reporting areas the teartheho
two park unitfAmerican Camp, English Camp), however, in most cases the information available
was sufficient only to attempt a rating for the entire park rather thahdee individual units.

3.2.6. Condition Assessments

In order to determine an appropriate condifieneach resourgéhe team consulted published
reports and analyzed existing data. However, because in many instances data were generally
insufficient toprovide measured conditions, the team also relieth@nown expertise and the
expertise of others witprior experience studying natural resourteSAJH Each assessment was
also described in terms obnfidence in the conclusiohssed on availableath and expertise.

The described condition was thepmesented graphically using the symbols presented in Tables 3.2
and 3.3 and according to NPS NRCA guidelitetps://www.nps.gov/orgs/1439/trata.htn). A

brief descriptivesummary of conditionsi provided at the beginning of each Section in Chapter 4, and
a summary for all resources discussed and presented grapmdcaiigpter SandFigure 5.1.

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

Confidence in

Condition Status Trend in Condition Assessment
Confidence
Condition Confidence Icon
Ilcon Condition Icon Definition | Trend Icon Trend Icon Definition Icon Definition
Resource is in Good e . .
. ndition is Improvin High
Condition ﬁ Condition is Improving g

Resource warrants L . .
Condition is Unchanging Medium
Moderate Concern
Resource warrants e L ’ N
- @ Condition is Deteriorating [ i Low
Significant Concern \ J/
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Table 3.3. Example indicator symbols and descriptions of how to interpret them.

Symbol
Example | Verbal Description

Resource is in good condition; its condition is improving; high confidence in the assessment.

Condition of resource warrants moderate concern; condition is unchanging; medium confidence in

@ the assessment.

Condition of resource warrants significant concern; trend in condition is unknown or not applicable;
low confidence in the assessment.

e > | Current condition is unknown or indeterminate due to inadequate data, lack of reference value(s) for
[ 1 | comparative purposes, and/or insufficient expert knowledge to reach a more specific condition
Nl determination; trend in condition is unknown or not applicable; low confidence in the assessment.

3.2.7. Report Format

The report is prsented in the format required by the NPS NRCA 2017 guidelines
(https://www.nps.gov/orgs/1439/tradnrca.hitwith afew exceptionsBecause the project was
initiated prior to the development of sonoé therevised and updateglidelines, not all sections are
presented as directed by the most recgporttemplates, though all of the information required is
included.The report outline used for each resource categegsasd in Chapter 4 is as folla

4.X Resource Name and Descriptive Condition Summary

Condition Summary
This section briefly summarizes the condition findings including a composite graphic from the
symbols shown in Table 3.2, in accordance withNR& NRCA guidelines
(https://www.nps.gov/orgs/1439/tradnrca. ity brief descriptive summugrof condition isprovided
at the beginning of each Section in Chapter 4, and a summary for all regsdliseassed and
presented graphidglin Chapter 5 and Figure 5.1.

4.X.1 Background and Importance
This section provides information regarding the relevance of tbhen@sto the parkndexplains the
characteristics of the resource that help the reader understand subsequent secéalecafriant.

4.X.2 Reference Conditions

This sectiordescribes the indicators for each resoamdthe reference conditioribat will be

compared with current indicator values. Ideally the indicators and reference conditions are selected
because they prade information about the resource and not because there are particular data
available
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4.X.3 Data and Methods

This section describeke existing datasets used for evaluating the indicatmtavethods used for
processing or evaluating the détehere apptablg. In many cases the most appropriate and relevant
datawerenot available.

4.X.4 Resource&Condition and Trend

This section provides a summary of the condition and trend oéfoeirce bsed on available
literature, data, and expert opinions. Thast®n highlights the key elements used in defining the
condition and trend designation represented by the condition/trend graphic iocadde 5.1.

4.X.5 Level of Confidence
This sectiorpresents the level of certainty ascribed to the assessmentdrasedilable data,
published and unpublished literature and expert opinion.

4.X.6 Data Gaps and Research Needs

This section discusses the information and data that were not available fesg¢hsmaent but which
the authors and/or other experts faed reeded to provida rigorous andcientific basis for future
assessments.

4.X.7 Sources of Expertise
If there were subject matter experts who provided information for the assessment but mgto are
authors they are identified here.

4.X.8 Literature Cited
All literature referenced in each Section of Chapter 4 is provided.
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Chapter 4. Natural Resource Conditions

4.1. Air Quality and Air Quality Related Values
By Tonnie Cummings

4.1.1. Condition Summary

Air quality at SAJH is generally good, though visibility warrants moderate cor©gerall the

degree of confidence is medium because estimates are based on interpolated data from more distant
monitors. No trends are apparent.

O

4.1.2. Background

Air quality is a fundamental resource of all units of the National Park Syhtaffects human health

and visitor enjoyment, and good air quality helps ensure the integrity of park resources and values.
To foster clean air iparks, the National Park Service (NPS) monitors air quality, assesses effects on
resources, communicates information about air quality issues; advises and consults with regulatory
agencies; partners with stakeholders to develop air pollution managera@gist; and promotes
pollution prevention practices.

The 1977 Clean Air Act amendments identified 48 national parks as Class | areas, affording them
special air quality protectiorll other NPS areas, including San Juan Island National Historical Park
(SAJH), are designated as Class Il air quality ar€éhe.NPS Organic Act, the Wilderness Act and

NPS 2006 Management Policies provide the basis for protection of air quality and air quality related
values in Class Il areasir quality related values aresources sensitive to air pollution and include
visibility, lakes, streams, vegetation, soils, and wildlife.

Air Pollutants and Sources

There are many sources of air pollution; some are natural and some are anthropogenic, i.e., human
causedAir pollutantsof concern include sulfur and nitrogen compounds, fine particulates, ground
level ozone, and persistent bioaccumulative toxics, such as mePatential effects include

visibility impairment; ozonenduced human health problems and damage to vegetatjoatic and
terrestrial acidification and eutrophication; and neurological, respiratory, and other health issues
associated with exposure to toxins.

The NPS focuses on reducing the impact of anthropogenic pollution on park reshlastesuman
activities including manufacturing and industrial processes, agricultural practices, land disturbance,
and fossil fuel combustion, produce air polluti®an Juan Island National Historical Park can be
affected by pollution sources on Vancouver Island, British @bla; by sources along the urbah |
corridor in Washington and British Columbia; and by agricultural and livestock operations north and
east of the park (Figurke1-1). TransPacific transport is also a significant source of air pollution to

the west codaf North America (Yu et al. 2012).
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The main source of sulfur pollution is coal combustion at power plants and industrial facilities.
Oxidized nitrogen compounds (i.e., nitrogen oxides) result from fuel combustion by vehicles, power
plants, and industryReduced nitrogen compounds (e.g., ammonia and ammonium) are the result of
agricultural activities, fire, and other sourc@zone is formed when nitrogen oxides and volatile
organic compounds emitted from vehicles, solvents, industry, and vegetatioim tb@catmosphere

in the presence of sunlight, usually during the warm summer mdtehsstent bioaccumulative
toxicsinclude heavy metals like mercury and organic compounds such as pesGadks.
combustionjncinerators, mining processes, and othdustries emit mercury
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Figure 4.1-1. Public lands and air pollution sources in the Pacific Northwest. Triangles designate point
sources that emit greater than 100 tons per year of nitrogen oxides (from Cummings et al. 2014).
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Visibility

Among the experigces that visitors to national parksdsure is enjoying the breathtaking sceriery
majestic mountains contrasted against a pure blue sky or a spectacular array of stard=atenight.
particles in the atmosphere absorb or scatter light, causing hazeingedisibility, and degrading
scenicviews (Hand et al. 2011VYisibility -impairing particles include anthropogenic pollutants as
well as natural compounds like soil and sea salt aerdsaks particles are also a significant concern
for human health [mause they lodge deep in the lungs ead cause respiratory problems (Dockery
2009).

Ozone

Ozone is a respiratory irritant that can trigger a variety of human health problems including chest
pain, coughing, throat irritation, and congestiOzone also décts vegetation, causirgignificant

harm to sensitive plant species (EPA 2008Bone enters plants through leaf openings called stomata
and oxidizes plant tissue, causing visible injury (e.g., stipple and chlorosis) and growth effects (e.g.,
prematureeaf loss; reduced photogiesis; and reduced leaf, root, and total size).

Nitrogen and Sulfur Deposition

Airborne pollutants are eventually deposited through either wet deposition (i.e., rain, snow, clouds,
and fog) or dry deposition (i.e., particles ggabes) onto vegetation,ilsp streams, and lakeSulfur

and nitrogen deposition can have a significant effect on natural systems, and nitrogen is of particular
concern in the western U.S. where many ecosystems are ninogjenl. Over time, excess ndgen
deposition alters biiversity and plant and soil chemistry, with cascading effects through ecosystems
(Cummings et al. 2014Excess nitrogen deposition also leads to increased nitrate leaching to water
bodies, where it can cause eutrophication,iicadion, or dead zones.

The NPS, other land managers, and the U.S. Environmental Protection Agency (EPA) use critical

loads to determine the threshold for ecosystem sensitivity to nitrogen depdsitiotical load is
technical ly dddtveepstndte af an expdure ® ong aranare pollutants below

which significant harmful effects on specified sensitive elements of the environment are not expected

to occur according to present ChHticabloadsardygically ( Ni | s s
expressed in ters of kilograms per hectare per year (kblya *) of wet or total (wet plus dry)
depositionCritical loads can be deaed for a variety of ecosystem responses, including shifts in

aquatic plankton or terrestrial lichen and plant species, changei$ ¢chemistry, and lake and stream
acidification.In general, as nitrogen deposition increases, additional resources are affected and
ecological effects become more pronounced (Cummings et al. 2014; Eigie The goal of the

NPS is to limit nitrogen eposition to levels that do not exceedtie ni mum cr i ti cal | oat
most sensitive resources.

Persistent Bioaccumulative Toxins

Persistent bioaccumulative toxins consist of heavy metals such as mercury, current and historic use
pesticides, industl chemicals, and bproducts of fuel cotoustion.Concerns mainly pertain to

impacts on humans and wildlifEffects vary with the type of pollutant, but include declines in
reproductive success, growth, and neurological function, and increased diseaszilsility
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(Landers et al. 2008).houghpersistent toxins in the air are of great concern, this element will not be
included as an indicator for air quality in this assessment.

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

<4-4: changes in leaf chemistry, rates of
soil mineralization, nitrification & nitrate
leaching in subalpine forests; episodic

Medium
certainty

acidification of sensitive subalpine lakes

3-8.4: increases in fine fuel biomass and
invasive grasses — increased fire frequency
& decreased maritive value for rangelands

Low

8 3-4: Carex rupestris increases,
other shifts in plant diversity, and
soil nitrate leaching in alpine
habitats

certainty

Medium

certainty

High

Cumulative potential adverse ecological effects

Medium
certainty

Atmospheric inorganic nitrogen loading to the environment (kg N ha*yr?)

Figure 4.1-2. Cumulative potential adverse ecological effects associated with atmospheric nitrogen
deposition in the Pacific Northwest. The reliability assessments are as follows: High Certainty when a
number of published papers of various studies show comparable results, Medium Certainty when the
results of some studies are comparable, and Low Certainty when very few or no data are available in the
Pacific Northwest so the applicability is based on expert judgment (from Cummings et al. 2014).

4.1.3. Reference Conditions

Benchmarks were established based on regulatory standards, natural visibility goals, and ecological
thresholds. Values estimated for each park were compared to ARD benchmarks for specific measures
of ozone, visibility, and atmospheric deposition (Tablel).
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Table 4.1-1. Indicators and specific measures for air quality condition assessments (from NPS 2015).

Indicator Specific Measure

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

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

Deposition

Nitrogen wet deposition

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

Visibility

Visibility conditionsand trends are expressed in terms of a haze index which correlates incremental
changes in haziness to corresponding changes iniyestogsibility. The haze index is reported in
deciviews (dv)The dv scale is near zero for a pristine atmosphere andsasas visibility

degrades.

The ARDOGs condition assessment s a rrangedays @@h on
to 6ah percentile) minus the estimated natural visibility on-naidge days (NPS 2015)he

estimated value is compared to ARBnichmarks (Tabld.1-2). The difference between estimated
current conditions and estimated natural visibility represents the huomaibation to visibility
impairment.

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

Category Visibility (dv)

Warrants significant concern >8

Warrants moderate concern 2i 8

Resource is in good condition <2
Ozone

The AKR®Odi ti on assessments for human health
primary National Ambient Air Quality Standard ofith-highest daily maximum-8our ozone
concentration of 75 parts per billion (ppb; NPS 20MNsjte that EPA lowered tharimary standard

to 70 ppb in late 2015, but ARD had not yet revised its condition assessment to reflect the lower
number.The maximumestimated ozone concentration at a park is compared against ARD
benchmarks (Tablé.1-3).
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Table 4.1-3. Benchmarks for human health condition for ozone (from NPS 2015).

Ozone concentration*
Category (ppb)
Warrants significant concern or6
Warrants moderate concern 611 75
Resource is in good condition 060

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

Although the primary National Ambient Air Quality Standard is not a good predictor of vegetation

responsed ozone, EPA has not set a secondary standard that focuses on vedétatmrer, in its
recer policy assessment of the ozone standards, EPA discussed use of the W126 to assess plant
response (EPA 2014yhe W126 preferentially weights the higher ozoaeaentrations most likely
to affect plants and sums all of the weighted concentrations duayiglask hours. The highest 3
month period that occurs during the growing season is reported in parts per-hallia(pprahrs).

Based on the information fronPA, research indicates for a W126 value of:

f O 7 -lprpsn tree

seedl i ngyeabin semsidve species and

7 O13 -pry tnee seedling biomass lossiid@ % per year in sensitive species.

The ARD compares maximum calculated W126 vahtes park to benchmarks tied to the research
results to assess vegetation condition relatexome (NPS 2015, Tableld4).

Table 4.1-4. Benchmarks for vegetation condition for ozone (from NPS 2015).

Ozone concentration*
Category (ppm-hrs)
Warrants significant concern >13
Warrants moderate concern 7113
Resource is in good condition <7

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

Nitrogen and Sulfur Deposition
The ARDOGs cond

only, rather than totaleposition, because the evaluation relies on data collected through tpi250

i s

i t i on aslturedspssitienrare based onrwetmepositiom g e n

National Atmospheric Deposition Progredational Trends Network (NADIRTN) monitoring sites
in the Unitel StatesWet deposition is calculated by multiplying nitrogen or sutfoncentrations in

precipitation by normalized precipitation amounts (NPS 2045).p ar k 6 s

ma X i

mu m

deposition is then compared to benchmarks based on the results of staidielated the amount of

atmospheric deposition to aquatic ecosysteaith (Table4.1-5). If a park is considered very highly

cal

sensitive to acidification or nitrogen nutrient enrichment relative to other Inventory and Monitoring

parks, the condition is agsted to the next worse condition category.
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Table 4.1-5. Benchmarks for nitrogen and sulfur deposition condition (data from NPS 2015).

Deposition
Category (kilograms hectare'! year'!)
Warrants significant concern >3
Warrants moderate concern 1i 3
Resource is in good condition <1

4.1.4. Data and Methods

This airquality assessment used the methods developed by the NPS Air Resources Division (ARD)

for a consistent Serviegide approach to evaluating conditions and trends in visibility, ozone, and
deposition at NPS units throughout the continental U.S. (NPS 201&)ef, data collected by

federal, state, and local monitoring networks were evaluated with an Inverse Disteigteed

interpolation method to estimate air quality conditions for pdtiken though the data were derived

from all available monitors, datar om t he ¢l osest stationhe to a par
estimates were based on the most recemeb aerages.

The ARD calculates shetérm trends from data collected over ayHar period at osite or nearby
representative monitors, where dable.Because these data are not available for SAJH, visibility,
ozone, and deposition trends were not caledl&r the park.

The evaluation of nitrogen critical |l oads for S
Estimated Exceedances webgNdS 2016a)The methods followed the approach described in

Pardo et al. (2011), which recommended a rangetafat load values for each of the Level 1
ecoregionsdentified in the ecosystem classification system developed through the Commission for
Environmental Cooperation for North AmericaC 1997).San Juan Island National Historical Park

is located in théMarine West Coast Forests ecoregion, and critical loads have been identified for

three out of five terrestrial ecosystem components in thaegiom:forests (i.e., trees and soils),

lichen and bryophytes, and mycorrhizal fur@iitical loads were compad to estimated total

nitrogen deposition to identify possible exceedandasxceedance suggests increased potential of
ecological harm.

4.1.5. Resource Condition and Trend
The ARDO6s Air Quality Condition andionbmends webs
visibility, ozone, and deposition for SAJH based?609 2013data.

Visibility

Estimated average visibility on midnge days at SAJtas 9.7dvSu bt racting t he park
natural visibility of 5.1 dv on miglange days, the assumed contribatirom humarcaused haze
was46dvCompared to ARDO6s benchmarks, visibility ai

Ozone
The 4thhighest daily maximum-8our ozone concentration for SAJH was 52.9 ppb, which is well
below both the former primary National Ament Air Quality Standard of 75 ppb as well as the new
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70 ppb valueThe maximum 3month 12hour W126 was 1.6 ppiirs, which is much lower than
levels known to harm vegetation, i.ei, 13 ppnihrs.Compared to ARD benchmarks for ozone,
human health and vetation were in good conditioKohut (2004) assessed the risk of ozone
induced foliar injury at all Inventory and Monitog parks based on species sensitivity, ozone
concentrations, and soil moisture (which influences ozone uptd&eoncluded there wdow risk
of ozone injury at SAJH.

Deposition
Estimated wet nitrogen deposition at SAJH was 0.4 k&, Comparedd ARD deposition

benchmarks, this level indicates nitrogen deposition was in good conéibarever, estimated
sensitivity to nitrogen nutrient enrichment ranked high at SAJH relative to all Inventory and
Monitoring parks (Sullivan 20)&ecause studierdicate added nitrogen can favor exotic species
over native prairie vegetatioBstimated wet sulfur deposition at the park waskg.4d* yr'?, a

level that indicates good condition compared to ARD deposition benchrarkgduan Natical
Historical Parkwas ranked as having very low sensitivity to acidification relative to other Inventory
and Monitoring parks (Sullivan 201@ased on the estimat@@1Q 2012total average nitrogen
deposition at SAJH of 2g hd* yr'?, it does not apgar minimum nitroge critical loads were
exceeded for any terrestrial ecosystem components (#dbg).

Table 4.1-6. Estimated 2010i 2012 three-year average total (i.e., NADP-NTN monitored wet plus
modeled dry) nitrogen deposition and minimum critical loads for five terrestrial ecosystem components at
San Juan Island National Historical Park (from NPS 2016a).

Herbaceous
Total Nitrogen plants and Lichens and | Mycorrhizal Nitrate
Ecoregion Deposition Forests* shrubs bryophytes fungi Leaching
Marine West Coast 25 50 NA 27 50 NA
Forests

*Trees and soils

Summary ofAir quality conditions at SAJH

1 Visibility warrants moderate conceriihe degree of confidence is medium because estimates
are based on interpolated data from more distant monitors.

1 Ozone is igoodcondition for human healtihe degree of confidence is medium because
estimates are based on interpolated data from more distant monitors.

1 Ozone is in good condition for vegetation healthe degree of confidence is medium
because estimates drasel on interpolated data from more distant monitors.

1 Nitrogen deposition is in good conditiorhe degree of confidence is medium because
estimates are based on interpolated data from more distant monitors.

9 Sulfur deposition is in good conditiohhe degeeof confidence is medium because
estimates are based on interpolated data from more distant monitors.
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4.1.6. Level of Confidence
Medium

4.1.7. Data Gaps and Research Recommendations
1 Sullivan (2016) indicated nitrogen enrichment may be a concern at SAaiHucting a
nitrogen fertilization experiment in the prairie ecosystem could confirm if deposition is
affecting park native vegetation.

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

9 Data indicate that TraRacific air pollution is increasing (Lin et al. 201While there are
encouraging reports recently that China is taking steps to reduce emissions, it is unclear the
degree to which these changes will resolveceoms across all air pollutants, and whether
other nations upwind of SAJH will also strengthen emission controls.

4.1.8. Source(s) of Expertise
1 Tonnie Cummings, Air Quality Specialist, National Park Service, Pacific West Region

9 For currentair quality data andnformation for this park, please visit the NRB Resources
Division website atvww.nps.gov/subjects/air/index.htm
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4.2. Regional and Local Climate
By Catherin Schwemm, Paul Adamus and Anna Packenham

4.2.1. Condition Summary

Given that the climate is changing rapidly from conditions to whrganisms and biological

systems have adaptdte condition of this resource is poor. The trend is declining, and confidence in
this assessment is high

O

4.2.2. Background

Climate chang is affecting natural resources and processes in national parks across the country at an
increasing rate. Data show that changes in temperature and precipitation are accelerating, and all
models predicfuture increases in the rates of change if2@issions are not significantly and

rapidly reduced (Weaver et al. 2007, Ashfaq et al. 2013, IPCC 2014). At present there is no credible
scientific disagreement that climate warming is driven primarily bydwactivities (Abatzoglou et

al. 2014, Wuebbles et.2017).

Climate change is a strong force that will require species, populations, and physical processes to
respond rapidly to environmental conditions to which they are largely unadapted (Corlett and
Westcott 2013), and to protect and preserve resoumdess scenario will require immense effort

(e.g. van Riper et al. 2014). The National Park Service (NPS) recognizes that climateprbaeges
animmense challenge for protecting resources (Sauntdafs2007, NPS 2010, Whittington et al.
2013).

Pacfic Decadal Oscillatiorand El Nino Southern Oscillation

The Pacific Decadal Oscillation (PDO) is a pattern of wiezadal climate variability characterized
by largescalechanges in sea surfatmmperatures, sea level pressure and wind patterns imtifec P
Ocean(Newmanet al. 2016)It is a dynamic oceaatmosphere coupled climate phenomeridre
PDO has warnfpositive)and cool(negative)phaseseach of which are currently thought to last f
up to a few decaddsefore transitioning from one to tios¢her The EI Nino Southern Oscillation
(ENSO)describes the part of the coupled sysiesiteraction between the oceand atmosphera
thetropical latitudes in the Pacific Oceagspecially te eastern and central pasthich consequently
influence cimate variations at higher latitudes in the Ameriéd$SOtransitions in a shorter, quasi
periodic variation between three phasgarm (positive El Nino), cold (negativeLa Ning and
neutral

In recent decaddsNSOhasbeen identified as one of thepary drivers of climate in the PNW
(Abatzoglou et al. 2014Yhough very relevant to an assessment of climate in the FD@,s a
complex process thatill not be described further in this asseest; for morenformation the reader
is referred to Mantuand Harg2002 and Newman et al. (2016).
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In general during BNino yearswinter sea surface temperatures in Puget Sound are higher than
average (Moore et al. 2008, PSEMP 2016). As a result, weather conditions in the Pacific Northwest
are usuallyarmer ad dryer during these periods (Mote et al. 20M@Jte et al. (2003) founthat

the North Pacific Index (NPI), which reflects the variability of both the PDOEN®Oand their

influence on atmospheric circulation in the region, accounts for about 40% 2@tth century

warming trend in winter months, but has very little infloemver the trends observed in other

seasons (all of which contribute to the average annual temperature).

4.2.3. Reference Conditions

Given the realities of climate change it is possible to determine reference conditions for climate
variables at SAJHThe general climate of SAJH and the Puget Sound region is described in Chapter
2.) An assessment could be made of the extent of change compared to historic climate conditions or
to modeledchange, but such efforts are beyond the scope of this reporasEaissment will present
general observations of current climate conditions as reported by other sources and modeled change
predictions.

Properties of weather that will be particljaaffected by climate change and that have strong
influences on naturaésources and ecological processes in SAJH are average annual and seasonal
temperatures and total precipitati@md these two climate elements will be used as indicators for
assessig climate.(Changing ocean conditions also have the potential to straffgist park

resources; these are addressefldation 4.5 and Chapter Bgcause thesquirements of the park's
resources for specific regimes of temperature and precipitatiomknewn averaganeasuregrior

to the industrial periodiill be the referace conditios for climate.

4.2.4. Data and Methods

There are no weather stationgre park that have sufficiembng-termdata to describe past
conditions or trends in temperatureprecipitation(A station located at English Camp has been
collectingdataonly since 2008; Baccus and Huff 2018% a proxy,data from the Olga weather
station on Orcas Islan(@ O | ) apgroximately 14 m{22 km) northeast of American Camp and the
same distance east of English Camp, were utilized as the nearest source of sufficieariong
records (Davey et al. 2007). The ftithe seriesrfom Olga is the period 1892012, with 7% of the
months during the periddcking precipitation data.

However,because these data cannot be used to calculate meatiegéisfor park sitesspatially
interpolated averagegeregenerated by the PRISM Climate Group models at Oregon State
University (Daly et al. 2008; Daly et.8&2009) for the year$971 2000to oltain estimates for these
indicators Two spatial climate data sets from PRIS3Mre usedThe first dataset an 800m
resolution gridded monthly time series of mean maximum and minimum temperature and total
precipitaton for the conterminous United Stathat covers the period January 1895 through
December 2007.

The secondlatasets the 400m resolution gridded monthly climate normals fra8v I 200Q
Monthly grids of mean maximum and minimum temperature and totappegion are used to assess
the spatl characteristics in annual and seasonal (winter, spring, summer, and fall) for the two units
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of the park. For th&971 2000climate normal maps, the data are further summarized by minimum,

maximum, median, and qudes (25%, 75%) for all grids that fatithin each park boundary. The

climate indices were calcul ated
regressions were fit using the R
lines inFigures4.2-1 and 4.22.
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Figure 4.2-2. Mean monthly minimum temperature from the modeled PRISM 30-year climate normals

(this study).

Finally, until recently, there wasttie standardization of the indices that climatologists calculated to
describe specific aspects of temperature and preognit&Recognition emerged that analysis of
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average climate conditions, while important, may not be as critical as understandihgrtge in the
frequency or severity of extreme climate events. In response, the CCI/CLIVAR/JCOMM Expert
Team (ET) on Climat€hange Detection and Indices (ETCCDI) developed a suite of 41 indices
(Tables4.2-1) for use in understanding the behavior of clenat a given station (Karl et al. 1999;
Wang et al. 2003; Peterson 2005). Accurate computation of these indices requitegiag for the
many gaps (e.g., measurements missing erratically from various months) that typify mastriong
climate recordsThe ETCCDI has a tool that checks for such gaps as well as addressing outliers
(unrealistic values, bad data points, eteaf could bias an analysis (Peterson et al. 1998). This tool
was utilized in the trends analyses described here.

Table 4.2-1. The 27 core climate indices from CCI/CLIVAR/JCOMM Expert Team (ET) on Climate
Change Detection and Indices (ETCCDI). From Karl et al. 1999, Peterson 2005.

Attribute Code |Indicator Name Definition Units
FDO Frost Days Annual count when TN(daily minimum)<0°C Days
SU25 | Summer Days Annual count when TX(daily maximum)>25°C Days
SU35 | Stress Days Annual count when TX(daily maximum)>35°C Days
IDO Ice Days Annual count when TX(daily maximum)<0°C Days
TR20 | Tropical Nights Annual count when TN(daily minimum)>20°C Days
Growing season Annual (1st Jan to 31st Dec in NH) count between
GSL Len thg first span of at least 6 days with TG>5°C and first | Days
g span after July 1 (NH) of 6 days with TG<5°C
TXx Max Tmax Monthly maximum value of daily maximum oc
temperature
TNx Max Trmin Monthly maximum value of daily minimum oc
temperature
Temperature ™>n Min Tmax Monthly minimum value of daily maximum oC
temperature
TNR Min Tmin Monthly minimum value of daily minimum oc
temperature
TN10p | Cool nights Percentage of days when TN<10th percentile Days
TX10p | Cool days Percentage of days when TX<10th percentile Days
TN9Op | Warm nights Percentage of days when TN>90th percentile Days
TX90p | Warm days Percentage of days when TX>90th percentile Days
WSDI Wgrm spell duration | Annual count of days with at_least 6 consecutive Days
indicator days when TX>90th percentile
csDI Cold spell duration Annual count of days with at least 6 consecutive Davs
indicator days when TN<10th percentile Y
DTR rD;rl:éZnal temperature Monthly mean difference between TX and TN °C
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Table 4.2-1 (continued). The 27 core climate indices from CCI/CLIVAR/JCOMM Expert Team (ET) on
Climate Change Detection and Indices (ETCCDI). From Karl et al. 1999, Peterson 2005.

Attribute Code [Indicator Name Definition Units
Max 1-day . o
RX1day precipitation amount Monthly maximum 1-day precipitation Mm
Rx5day Max.5.-da.y Monthly maximum consecutive 5-day precipitation | Mm
precipitation
SDII Simple daily intensity | Annual total precipitation divided by the number of Mm/da
index wet days (defined as PRCP>=1.0mm) in the year y
R10 Numbgr (.)f heavy Annual count of days when PRCP>=10mm Days
precipitation days
Number of very
R20 heavy precipitation Annual count of days when PRCP>=20mm Days
Precipitation days
Number of days Annual count of days when PRCP>=nn mm, nn is
Rnn . Days
above nn mm user defined threshold
cDD Consecutive dry Maximum number of consecutive days with Days
days RR<1mm
CWD Consecutive wet Maximum number of consecutive days with Days
days RR>=1mm
R95p | Very wet days Annual total PRCP when RR>95th percentile Days
R99p | Extremely wet days | Annual total PRCP when RR>99th percentile Mm
PRCP | Annual total wet-day | ol total PRCP in wet days (RR>=1mm) mm
TOT precipitation

4.2.5. Resource Condition and Trend

Temperature
During the twentieth century, frodB95 2011, average temperatures across the PNW increased by

approximately 1.3%/0.7°C, with most of the increase occurring since about 1970 (Mote et al. 2014,
IPCC 2014). Since 1880, the 10 warmest yearsaiip have ocarred since 1998
(https://www.ncdc.noaa.gov/sotc/global/201h Minter months warmed 2.F#f1.5°C on average

since 1950 (Hamlet et al. 2007), whaleerage spring and sumntemperéures for 1987 to 2003

were 1.6F/0.9°C higher than those for 1970 to 1986. Spring and summer temperatures for 1987 to
2003 were the warmest since the beginning of thedeoal895 (Westerling et al. 2006), and the
largest warming trends for the westg@artion of the country occurred during Jantidiarch

(Hamlet and Lettenmaier 2007).

There was approximately a 2R31.3°C warming during the last century in the Puget Sowegsion
(Mote et al. 2005Melillo et al. 2014). Most recently, the 2015 calendaryeas the warmest year
recorded for the Puget Sound region since records began in 1895 (PSEMP 20186,
www.ncdc.noaa.ggv Indicatorsalso showed increased temperatures of coldest nights (TN10p),
longer freezdree sason (FDO), and increased evapotranspiration potential during the growing
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season (Abatzoglou et al. 2014, Table )2However, a nosignificant but noticeable coolingeind
was observed during spring from 1980 to 2012 (Abatzoglou et al. 2014).

Historicd maximum and minimum temperature compilatiéresn Olga data are shown Figures
4.2-3 and 4.24, respectively, and additional calculations summarizékhivle 4.22. Trends found to
be statistically significant (p<0.10) for either the recent pet@dli 2013or the full historic time
series {891 2013 are listed below; indices or trends not lisfpdt presented in Table 41) were
not significant. In summary, 10 of ti& temperature indicesoim Olga data showed a statistically
significant warming &nd for the historic period, the recent period, or both.

Olga: tmean_mean (1891 - 2012)
p-value=0.016; R2=0.047; y = 1.456 + 0.004x

tmean_mean

84 [ 1 1 1 I 1 1 1
1891 1906 1921 1936 1951 1966 1981 1996 2011
Year

Figure 4.2-3. Annual mean daily temperature at Station Olga for 18911 2012.
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Olga: tmean_mean (1971 - 2012)
p-value=0.253; R2=0.032; y = -8.592 + 0.009x
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Figure 4.2-4. Annual mean daily temperature at Station Olga for 19711 2012.

Table 4.2-2. Temperature trends determined from Station Olga (Orcas Island) data. The historic time
series is 18917 2013, the recent period is 19711 2013.

Measure Trend per year (°F/°C) | Period
. § 0.02°/0.01° Historic
Annual mean daily mean -
gy 0. 07A/ 0. 0{Recent
g 0. 02A/ 0. 0 |Historic
Annual mean daily max -
gy 0. 04A/ 0. 0]Recent
Monthly minimum value of daily maximum g 0. 02A/ 0. 0 |Historic
Monthly maximum value of daily maximum g 0. 02A/ 0. 0|Historic
diurnal temperature range y 0.02A/ 0. 0 [Historic
(monthly mean difference between daily max and daily min) gy 0.0#A/ 0. 0|Recent
70.017 days Recent
# of ice days (daily max less than 0°C/32°F
No change Historic
gy 0. 03 day s |Historic
# days daily max>25°C/77°F
g 0.18 days |Recent
) y 0. 96 da Historic
# warm days (days temperature exceeded the 90th percentile)
y 0.19 day s |Recent

FutureTemperatures

Nearly all climate models predict that average temperatures in the PNW will increase measurably in
coming decades, though likely not as much as will occur in the western and southwestern portions of
the country (IPCC 2014Moore et al. 2015). The average warming rate in the Pacific Northwest

during the next ~50 years is expected to be in the rangeidf.07/0.1' 0.6°C per decade, with a
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best estimate of 0.670.3°C per decade (IPCC 2014). For companiswarming in the send half of

the last century was approximately GFA3.2°C per decade (Mote et al. 2008, 2014). Models
incorporating scenarios with continued high&missions generally converge onid 5°F/3i 6°C
increase in average annual tempeedby the end of this century (Bachelet et al. 2011, IPCC 2014)

Precipitation
Lessconfidencds associated with projected changes in regional precipitation than for temperature

(Abatzoglou et al. 2014). Fro&B895 2011 the National Climate Assessmentiiouno significant
increases in precipitation, but in general modeling predicts increased likelihood of summer droughts
countered by increased precipitation in the wintehirer et al2014). Cumulatively annual

preciptation is expected to increase in tegion by anywhere fromi550% (Bachelet et al. 2011).
Average summer precipitation may decline by 6% to 8% or more by 2050 (relati98Gd 999

Snover et al. 2013, IPCC 2014), while average winter precipitatigrimoeeaséyy 2 to 7% (Snover

et al.2013, Dalton et al. 2013).

Historical compilations of precipitatiomdm Olgadataare shown in Figures 42(maximum

number of consecutive wet days (precip >=14871 2011) and 4.26 (annual number of days of
heavy pecipitation (>= 10mm}891 2012. Trends fromOlga data found to be statistically

significant (p<0.10) for either the perid®71 2012or the full time series are listed in Table-8;2
indices or trends not listed below were not significant. Mean anne@pgation, the total number of
days with precipitation, and the number of very heavy precipitation days were all less in the recent
decade than frorh994 2003 For both periods recent and historicdl six of the 11 precipitation
indices calculated fra Olgadatashowed progressively drieonditions, one (CDD) showed wetter
conditions, and one index (SDII) did not exhibit a trend. PRISM analysis results for mean monthly
precipitation are presented in Figure-3.2

Table 4.2-3. Precipitation trends determined from Station Olga (Orcas Island) data. The historic time
series is 18911 2013, the recent period is 19711 2013.

Measure Trend (per year) Period
Monthly max 1-day precipitation 70.01 mm Historic
Monthly max 5-day precipitation Z 0. 03 mm|Historic
# heavy precipitation days (precip >= 10mm) Z 0.05 da |Historic
# very heavy precipitation days (precip >= 20mm) 20.01 days Historic
# consecutive dry days 20.07 days Historic
# consecutive wet days Z0.09 days Recent
simple daily intensity index £0.007 Historie

y 0.016 Recent

Annual maximum number of consecutive wet days at Olgag9a@fi 2011are presented in Figure
4.2-5, and the annual number of days with heavy precipitgiresented in Figure 4&
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Olga: CWD (1971 - 2011)
p-value=0.002; R2=0.25; y = 195.401 - 0.094x

1 I 1 1 I 1 1 1
1975 1980 1985 1990 1995 2000 2005 2010
Year

Figure 4.2-5. Annual maximum number of consecutive wet days (precip >=1mm) at Station Olga for
19711 2011.

Olga: R10 (1893 - 2011)
p-value=0.003; R2=0.075; y = 112.234 - 0.047x

] I 1 I I I 1 1
1893 1908 1923 1938 1953 1968 1983 1998
Year

Figure 4.2-6. Annual number of days of heavy precipitation (>= 10mm) at Station Olga for 18917 2012.

4.2.6. Level of Confidence
Confidence is high for recent ahdstorical trends, and moderate to high for future conditions.

4.2.7. Data Gaps and Research Recommendations
1 While climate models are converging on predictions for environmental conditions, almost
nothing is y& known regarding the impacts of the anticgghthanges on biological
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organisms and ecosystems. Thus, the tolerance, resilience, and adaptability of the park's flora
and fauna to longerm changes in temperature and precipitation remain unknown.

1 The degre to whichStationOlgadatalocated 14 miles away represents accurately the trends
in precipitation and temperature in either or both of the park's units remains undetermined
particularly given the important microclimatic difference between American Gauthp
English CamgSection 21.2).Records from the station installed in 2008 at English Camp
will provide important climate data from within the park andintenanc@nd support of this
station should continue.

4.2.8. Sources of Expertise
1 Greg Jones, Oreq StatdJniversity, Department of Chemistry, Corvallis, OR

1 Michael Ewald, Institute for Applied Ecology, Corvallis, OR
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4.3. Freshwater Resources
By Paul Adamus and Catherin Schwemm

4.3.1. Condition Summary

Very little is known regardingwsface water quality ditow, though there are no indications that

either measure is of increasing concern. There are concerns regarding the potential for increasing
saltwater intrusion into groundwaters. Groundwater supply appears to be decliningrduedsimng
demand. Confidnce in the condition of either surface or groundwater resources at SAJH is low.

4.3.2. Background
Surface Waters

Ameri@an Camp
Nearly all surface waters at American Camp flow into the park from higher elevations to the
northwest through mostly undeveloped woodland. There afiesiovatetakes, large ponds, or
perennial streams within AC but there are several springdl, wetéands and short reaches of
seasonal flow (NP$995, includinga small pond on the north side of Mt. Finlayson (M. Davis,
pers.comm. April 18, 2018)A channelized stream approximately 500 ft. (152 m) to the north and
generally parallel to the pabdboundaryseparates American Camp from the Burden Field (Rabbit
Run) air strip further north, and eventually flows into Griffin Bay. Edgping topography on the
unités east side shields the park frtwam surface
dewelopments to the east. There is a small (~0.3 acres/0.1 ha) wetland (though the largest at AC)
between Jakles and Third lagoons (Graham 2Git) a very small one (0.07 acres/0.03 ha) near the
American Camp visitor center (S. Dolan pers. cor2@19).

English Camp
A shallow, seeffed seasonal stream is present just below the highway on the west flank of Young
Hill that adjoins the foot trail from the parking lot to Young Hill. The stream passes around the
parking lot and flows toward Crook House.eT&ea around the stream is boggy with hydrophilic
vegetationWater flow spreads out and infiltrates when it reaches the gently sloping parade grounds
along the Garrison Bay shoreline.

Another wetland is located north of the parade grounds in a topog@dghession between Belle

Point to the west and the lower west flank of Young Hill. Shallow standing water levels fluctuate
seasonally and are drained by a small channel flowing north into Westcott Bay. South of the parade
grounds a few short, storm ruhaftivated intermittent streams flow over a bedrock escarpment into
the southermimost part of Garrison BayM. Davis pers. comn2018.

Mitchell Hill contains three firsbrder channels, two of which originate outside the park, with a
collective length oappoximately 1.7 mi (2.7 km). One of the channels is usually perennial, and all

three join together approximatelyehea| f mi | e downsl|l ope from the par
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flow eventually into Garrison Bay. The two channels that originate outsideatk are shaded by
forest for the entire length. About 0.3 mi (0.4 km) north of the English Camp park boundary, a
separate, mostiwooded stream feeds into Westcott Bay.

Quiality of Surface Waters
Concerns regarding surface water quality have been rp&@dlically since the park was
established (Klinger et al. 2006, NPS 2008). San Juan Island currently has no large commercial or
industrial developments, dairy farms, or livestock feedietsch arecommon sources of freshwater
contaminants, but very fie is known about the quality of the limited surface waters in SAJH.

Groundwater

Groundwater must be recharged by fresh water from precipitation and infiltration at a faster rate than
it is withdrawn or source aquifers will either go dry or become salasaltwater intrusion. All
groundwater recharge on SJI comes from precipitation and occurs primarily between October and
April (Graham 2014). Average annual recharge rates on San Juan Island are relatively low, at English
Camp approximately 1i@.0 in (25 10.2 cm) per year, and at American Camg 3.8 in (2.58.9

cm) per year (Orr et al. 2002, Klinger et.al. 2006). A reduction in vegetated surfaces decreases
recharge because water evap@ateflows away much fastewhenit falls on nonporous surfaces

(Har bor 1994, O0O6Driscoll et al. 2010). Coll ecti ve
of roads, parking lots, buildings, and bare terrestrial areas, as well as 15.4 acres of mowed lawn
(Rocchio et al. 2012).

Because of minimdreshsurfacewatea supplies groundwater is a critical source of drinking water

for all of SJI(Graham 2014)Groundwater additionally feeds all the springs and likely many of the
wetlands to some extent and may connect to one or more of the lagoons (Graham 2014). At
American Camp there is one well that draws groundwater to supply the needs of the visitor center.
Threeshallowcommunity wells that lie just outside the east boundary of American Camp tap an
aqguifer beneath the par kos loruohwaterFar appraiynatedyn an d
270 residences. At English Camp, water is drawn from aquifers by means of two wells, each of
which have relatively low yields. One was drilled in 2000 to supply the needs of the maintenance
facility including a lowwater wahing machine, two sinks, and one toilet; this water is not potable. A
second well supplies water to the drinking fountain in the parking lot, two trailer pads, and a group
campsite useduring thesummer.

Groundwater Quality
Toxic materials and other camirants introduced to surface water sources have the potential to
directly enter the groundwater system (SJC 2004, Graham 2014). Saltwater intrusion into
groundwaters is a particularly serious concern of park mangers. When grouridwelterear the
ocea ae below or near sea level, saltwater can flow into aquifers makirgytterraining
groundwater too saline for human consumption and harmful to freshwater organisms (Barlow and
Reichard 2010). During dry summer months groundwater supplies can bedaptee point where
wells are unusable and may become susceptible to saltwater intrusion (Graham 2014). Increasing the
withdrawals of groundwater, or decreasing recharge by covering the ground with extensive areas of
impervious surface (buildings, rogdwill eventually cause most groundwater that is withdrawn
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within about 1000 ft(305 m)of the marine shore to become unpalatablawdown of the aquifer
from high use during dry recharge periods can result in saltwater intrusion of the portion of the
aquifer that will later refill with fresh water during wetter seasdiss usually results inesidual
saline depositadhering to the pore spacgmtaminaing the recharging fresh groundwater to
varyingdegrees of brackishness, thus rendering advera®ipiyt

Threats to Freshwater Resources

The relatively low amounts of rainfall that the island receives means that surface water sources are
not always perennial and groundwaters are not always recharged at rates thatbtidreosals

(Orr et al. 2002)If the present centuipng trend towad warmer and drier conditions in the park
continues (Section 4.2), freshwater resources could be imp¥i¢atel quality at other locations on

the island is affected by low summer instream flows, grazing, pestis&leand road runoff (Barsh et

al. 2010).

Increasing populations on the island will likely exert greater pressure on the groundwater resource
(Adolphson 2014)At American Camp, NPS maintains a water right to pump 3.5 gallons per minute

or 5,000 gallons peday for use at the visitorcenter. Teis ppl y i s su cient for ¢
the water tests high in total suspended solids and chloride rendering it undesirable as drinking water.

In accordance with NPS policy, park managers continue to deny tetpresater from adjacent
landowners/deslopments to access water from within park boundaries due to the possibilities of
exhaustion of park freshwat er-dependemnilesowces (dR5d det r
2008). There has been at least otgasion in the past when well levels weselow during the

summer that the well had to be shut down until winter precipitation could generate sufficient

recharge (Graham 2014Jontinued declining @undwater levels coulsult in increasedaltwater

intrusion.

4.3.3. Reference Conditions
Surface Water

Hydrology
Very little fresh water flows on SJI and in park sites, but any reduction in streamflow from historical
averages (if known) would be cause for concern.

Quality
Surface waters should not contairentical or biological contaminants thatgeca risk to humans or
wildlife. Contaminants include certain detergents and various hormone dismuptelnsmay not
currently be regulated by government but which peeiewed science shows can cause
endocrnodogic harmto humans, wildlife, and aquatizganismsAll freshwater sources within the
park should meedtate or federal water quality standards.

Components generally measured to assess water quality include temperature, pH, dissolved oxygen
(DO), turbidity, conductivity, bacteria, nutrients, mistaand other toxic compounds such as
hydrocarbons (San Juan County). However, because as far as is known there are no data from the
small water sources in the patkcompare with reference daspecific values fothese measures

will not be discussed.
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Groundwater

Quantity
Groundwatesupplies and recharge rates are generally assessed by measuring the depth of water in

existing wells to interpret water table levels (Scanlon &@02. Any declining trends in wélevels
(or groundwater quantity measurg other methods; Sun et al. 2010) would be cause for concern. As
far as is known there are no historic data for groundwater quantity on SJI in the region of SAJH.

Quality
As mentioned, of greatest concern to SAdbhagers is the potential fimcreased saltwater
instrusion into groundwater supplies. Any increasing trends in groundwater salinity would be cause
for concern. As with supply, as is known there are no historic data for groundwater quality for SAJH
wells.

4.3.4. Data and Methods

Surfaece Water

In 2016 2017the park participated in the citizescience based Dragonfly Mercury Project, which
collects and samples mercury levels in dragonfly larvae (family Anisoptera). In SAJH larvae were
collected from a pondt&Vestcott BayAs far as is kown there are no water quality data for surface
waters at SAJHNPS 2012ConwayCranos et al. 2016%alinity and conductivity were recorded
duringa 1998 wetland inventory, but no other water quality parameters were miaswuréhose

data apparently we not archived.

Groundwater

No permanent points have been monitored to determgreuindwatesupplyis declining more

rapidly than can be attributed to weather changes alone. There are no wells on SJI that are monitored
by the StateNPS conducts peritic monitoring ofpark wellsbut those data were unavailable for this
report

4.3.5. Resource Condition and Trends
Surface Water

Hydrology
Water sources and hydrologic function are likely very similar to conditions pregéetimd1880s
(NPS1995), but almost nothing is known regarding current or historic flows.

Quality
Results from the Dragonfly Mercury Project (Eag8sith et al. 2018) showed levels of mercury
within safe levels for wildlife. Aside from those data theme @o othecurrentdata related to surface
water quality. Though Conwa@ranos (2016) could not report on water quality condition in SAJH
due to the absence of relevant data, for other ait&slIthe parameters they measured genefally
within the crteria used by th&lational Shellfish Sanitation Prograi®chneider 2004, Woolrich
2012).
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Groundwater

Quantity
Well levels have not been monitored with sufficient regularity to detect trends in aquifer levels.

Consequently, the rate of groundwater withdabthiat can occumnithe future without compromising
acceptablequality drinking water from any of the wells in or near the park is not precisely known.
Low yielding wells (less than a few gallons per minute) with unpalatable water typify the condition
atboth English Camprad American Camp. In Washington State a well can be drilled without a
water rights permiti Gr oundwat er P)efor small quanhtitiesrorpprivate laral, for
personal use and some irrigationafw.ecy.wa.gov/programs/wr/nwro/hirst.hfmAt present, water
rights are still available for these uses on SJI, subject to all other water rights @Q&20D6).

Quality
From 1981 to the peent, the American Camp well hag neet the drinking water standards for
chloride (Graham 2014). Analysis sdmples collected fromthe park between 1999 and 2000
showed that the overall quality of groundwater was good but that the American Camp veatiezbnt
elevated specific conductanaed chloride concentrations and an ammaaiaitrate ratioindicating
increased saltwater intrusion (National Park Service 2012). Adolphson (2014) found that the level of
saltwater intrusion on San Jukshandis increaing.

Sampling efforts in 1999 by &GS at two wells, one at each site, found elevated chloride
concentrations that suggest saltwater intrusion (Weber et al. 2009). Well water samples are routinely
analyzed to ensure the park is complying with the sta¥®ashington Department of Health

drinking water standards for bacteria, and to date, all bacterial samples have been within allowed
limits. The park also analyzes well water for nitrate once annually as required by state regulations,
and the results indicatvater quality is within state pametergKlinger et al. 2006)The potential

for increased saltwater intrusion is of concern.

4.3.6. Level of Confidence
Confidence in any assessment of surface or groundwater conditions is low.

4.3.7. Data Gaps and Research Recommendations
1 Verylittteisk nown about the natural hydrologic regi
streams, and water quality within the park is not currently monitored.

1 Because well yields in and around the park are already low (e.g., Werrel| lo@®r
droughts associated witbgional climate change could bring increased pressure from
surrounding communities and park operations on the already scarce groundwater supplies.
The amount of groundwater recharge needed to sustain the park's wetldunasi@tain
good water quality isnknown, making the implementation of a welbnitoring program
within the park an ongoing need (Flora and Fradkin 2004, NPS 2008, Graham 2014).

4.3.8. Sources of Expertise
1 JennyShrum Biologist, San Juan Island Natiortistorical Park
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4.4. Wetlands
By Paul Adamus and Catherin Sgamm

4.4.1. Condition Summary

Vegetation has been surveyed for most wetland sites but there is no ongoing monitoring. Current
vegetation information suggests that approximately one quarter of vegetation cover assotiated wit
wetlands is dominated by nerative species. No trend information for wetland vegetation is
available. Confidence in this assessment is medium.

O

4.4.2. Background
This section addresses freshwater wetlaladt communitiestidal wetlands areiscussedn Section
4.5,

Surface wateg potentially supports a wide variety of plants and animals, including both aquati
species that live in or along the watedderrestrial species that dependamiland habitats for
water, food, and covéGibbs 1993Gibbonset al.2006). Though they comprise a relatively small
portion of the park (Holmes 1998), several wetland sitepresent in SAJH and are a priority
corservation concern for park managers (NPS 2008).

Holmes (1998) identified approximatedy wetland sites totalingpproximately80 acres (32 ha) in
American Camp, andine wetlands comprisingpproximately 3 acreq5 ha) in English Camghe

Mitchell Hill addition, which was not surveyed for wetlands by Holmes (1998), is shown in the
coarserscaleNational Wetlands InventorfN(WI) and county maps as having no wetlands, but in the
center of the Mitchell Hill additio, Rocchio et al. (2012) mapped one forés@amp of western

redcedar (dominant) with salmonberry and skunk cabbage, as well as two patches of riparian bigleaf
maplealder swamp along the western edge.

Both wooded and herbaceous wetlands are presentende the following assemblages
(A a s siocchiteadtare considered imperiled globally or in Washindgtdéolmes 1998, Rocchio et
al. 2012; Table 44):
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Table 4.4-1. Wetland plant assemblages of conservation concern (Holmes 1998; Rocchio et al. 2012). X
= present at that location.

English Camp/
Wetland Plant Assemblage of Conservation Concern American Camp Mitchell Hill

Populus tremuloides / Carex obnupta Forest X )

Salix hookeriana i (Salix sitchensis) Shrubland )

X
Cornus sericea Shrubland X T
X

Malus fusca i (Salix hookeriana) / Carex obnupta Shrubland

Salicornia virginica i Distichlis spicata i Triglochin maritima i
(Jaumea carnosa) Herbaceous

X
X

Tsuga heterophylla i (Thuja plicata i Alnus rubra) / Lysichiton
americanus i Athyrium filix-femina Forest.

Two Imperiled vegetationssociations identified in the park by Rocchio et al. (2018jain species
which in some situations are wetland indicatatsEnglish Camp thiassociations Camassia
guamash Triteleia hyacinthinaHerbaceous Bald, and at American Camp Restuca remerii
Camassia quamashCerastium arvensklerbaceous Vegetation.

4.4.3. Reference Conditions

Theecologicalcondition of a wetland can lzssessed in numerous waBsiison and Rheinhardt

1996 Sutula et al. 2006, Stevens and Jensen 28@cpuse of cillenges otherwise imposed by

species mobilit and sample processing costs, vascular plants are used most often. Assessment
procedures (e.g., Rocchio and Crawford 2013) are available for distilling exhaustive plant lists into
oneormordif | or i sdsico r gwa lwihtiyc h s u mma ion, gualityfohe wet |l and?d
integrityd as predicted only by vascular plants (different conclusions may be reached by assessing

other taxonomic groups or wetland functions).

Non-native plants, especially those that are highVasive, can rapidly otdompete native species

and thus depress overall species richnEise.presence of exotic speciesyigically associated with

past disturbance of awateetableasuchds by csltivatidn, geazing,uct ur e
compaction, excavation, or regraditgedler 2000) Vegetation communities around wetlands

should support native mesic species, indicating sufficient water supplies, and have small or no
populations of invase species. Terrestrial vertebrate and bird sgesheuld be present (Roegner et

al. 2008, Alldredge et al. 2012).

4.4.4. Data and Methods

Wetlands were mapped in the park at a relatively coarse resolution in the 1980s using aerial imagery
by the NationalWetlands Inventory (NWI). A wetlands map coverjogt the park, and featuring

higher resolution than the NWI mapping and with some grdrutting, was prepared for the NPS

by Holmes (1998) but did not cover the new Mitchell Hill addition. It was newelighed, and a

copy suitable for review could nbe located for this NRCA project. San Juan County refined the

NWI map in 2010 using LIDAR and new aerial imagery but without gretauttiing within the park
(Adamus 2011).
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For American Camp, the very re¢gmoundtruthed vegetation map indicates wetlabdsed on

field identifications of diagnostic plant communiti@fhie Washington State Department of Fish and
Wildlife maintains a publiclyaccessible spatial database of habitat occurrences from theyPriorit
Habitat and Species list including wetlands (PHi§://apps.wdfw.wa.gov/phsonthewgb/
descriptions of how map source data were acquired are available at
https://wdfw.wa.gov/conservation/phst/.

4.4.5. Resource Condition and Trends

Approximately 33% of all vascular plant species in the county (AtkiasaiSharpe 1985) as well as
in the park (Rochefort and Bivin 2010) are believed to be exotic, i.enaire. A survey in 2010 of
102 SanJuan County wetlands found that, in an average quadrat (n= 412), the relative cover of
vegetation consisted of 32% raative (exotic) species, and 24% invasive species, which are a
subset of nomative species (Adamus 2011). The survey found an avefd@eptant species per
wetland (rangei39), averaging 3.23 species per 1 m x 1 m quadrat (rdrigy.IThe invasive
Phdaris arundinaceawvas present in 73% of the wetlands, and themettiveHolcus lanatusvas in
54%.

Although floristic quality index vales have not been calculated for any San Juan County wefland,
they were it is expected that they woalatrelate withdominance of nomative plants within a

wetland. In San Juan County, herbaceous wetlands tend to be more vulnerable to invasien by non
native plants than do densely shaded wetlands. Or perhaps, herbaceous wetlands are more likely to
have once been cultited and thus have suffered greater soil disturbance, including the intentional
planting of nornative species as forage for livestockud¥i of the western part of the American

Camp unit was cropland or pasture before the park was established, havingrbested from

prairie or wetland. Similarly, part of the English Camp unit was cleared during the military
occupation and some of it hesen maintained as lawn (roative grasses) for historical interpretive
purposesnd to maintain the cultural landseafs. Dolan pers. comra019.

The comprehensive vegetation mapping conducted by Rocchio et al. (2012) shows several of the
p ar k 6 sdvegetgtign @nits classified &sr u d e r a |, meahirg thayrhava high

component of nomative species as commypmssociated with past disturbances. A large proportion
of thesesites may representattandsbecause they do inclu@designificant corponent of wetland
indicator speciedAlliances that may be indicated wetland conditionsséu@vn in prevalence order

in Table 4.42.
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Table 4.4-2. Prevalence of ruderal vegetation alliances at SAJH with a likely wetland component

(Rocchio et al. 2012).

Ruderal Vegetation Alliance with a Likely Wetland Component Acres
Holcus lanatus 7 Poa pratensis 259.1
Agrostis (capillaris, stolonifera) 148.2
Alnus rubra’i Pseudotsuga menziesii 79.1
Crataegus monogyna / Mixed Forbs & Graminoids Wet Shrubland 16.1
Alnus rubra / Nonnative Grasses Provisional Ruderal Flooded Forest 13.3
Leymus mollis ssp. mollis i Holcus lanatus 8.4
Equisetum arvense i Mixed Graminoid Wet Meadow 5.0
Schedonorus pratensis Wet Meadow 2.4
Juncus gerardii Wet Meadow 1.3
Alnus rubra / Carex obnupta Flooded Forest 0.8
Carex leporina Wet Meadow 0.5
Prunus emarginata Flooded Forest 0.4
TOTAL 534.6
Thus, a very rough estimate of the percentage

nortnative plants is 23%. However, trall of the ruderal species are highly invasive and thus
detrimental to native plant richness. Anyoefs to restore native wetland plant communities should
focus on ways to remove and avoidestablishment of nenative species that are most invasind a
fare the best in wetlands of the type that occur in the park. These iHatigis arundinacea,
Holcus lanatus, Vicia sativandCirsium arvenseNo trend information is available regarding
changes in the relative or total cover of fr@tive specieassociated with wetlands.

4.4.6. Level of Confidence

Moderate

4.4.7. Data Gaps and Research Recommendations

1 Monitoring of wetland vegetation should be implemeraekbast at a level to determine
whether cover of invasive species is increasing.

9 Efforts torestore native wetland plant communities should focus on ways to remove and
avoidre-establishment of invasive species, primarily Phalaris arundinacea, Holcus lanatus,

Vicia sativa, and Cirsium arvense.
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4.5. Nearshore Resources
By Paul Adamus and Catherin Schwemm

4.5.1. Condition Summary
This section wholistically assesses the condition of the nearshore environment using five indicators.

Shorelines

The physical condition of the shorelines in SAJlfais, some of the shoreline areas are actively
eroding though there efew data to quantify physical changes. There are no obstructions to
sedimerdcarrying currents within the park. Bluff erosion is a concern, and rising sea levels and more
frequent stam events could result in loss of sand and sediments within parkiskaehes.

Confidence in current conditions is moderate to high.

Aquatic Vegetation

Although surveys conducted over the past several decades have documented severe declines in
eelgrassmund SJI and in Westcott Bay, the most recent sampling indicatesscovery. The

overall trend is unknown. There are no indications that kelp is declining in or adjacent to park waters,
but there are no data to indicate current condition. Confidermtiant conditions is medium.

Marine Invertebrates

Current invertebrt@ community diversity or abundance of any particular species is uknown. Invasive
species are an increasing threat, as are rising sea surface temperatures. Confidence in current
conditions is low.

Marine Fish

Surveys in 2004 found no herring spawning nibarEnglish Camp unit of the park despite historic
spawning at the site. Juvenile forage fish continue to be found in low numbers, so the condition of
forage fish overall is designatetiamncern but trends are unknown. The abundance of juvenile
salmon isunknown, but there are no historic data to indicate that spawning in park waters has ever
occurred. Confidence in current conditions for nearshore fish is medium.

Marine Mammals

Harbor ®als and Stellar sea lions are commonly seen on beaches near pakdpepulations
appear stable or increasing. However, no monitoring data are available to determine trends in the
numbers or seasonality of animals that haul out. Confidence in coomditions is low to medium.

©

4.5.2. Background

Nearshore@esources include the physical and biological resources of the intertidal, shallow subtidal
(seaward to a depth of about 66 ft/20 m), and marine ripat&fméd here as landward

perpendicular to shoreline about 164 /50 m beyond extreme high tidedeuel Althoughthe
parkdés | egal | ur iald iheittartidahzore aoe any aif tbet subtidal ¢elevatibes
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below extreme low tide), NP@sources along the shore interact strongly with physical processes and
nearshore ecosystems, so @sges in the intertidal and subtidal zones are relevant to park managers.
Coastal and shoreline vegetation is discussed in Setfion

Physical Shoreline

The nearshore environment of the San Juan Islands (SJI) is structured atop bedrock shorelines
overlain by shallow sediments (Maehnan et al. 2010, SJC 2012). The dominant features of the
shoreline landscape are the coastal bluffs, defined generallypes sif sediment and vegetation that
cover the underlying bedrock. The coastal bluffs of the SJI fdfaidy recently, approximately
4,000 5,000 years ago (Maennan et al. 2010), and are found on approximately 60% of island
shores. Most SJI beaches aoenprised mainly of sediments eroded from the bluffs (Johannessen
and MacLennan 2007), while wave actiand tidal currents both deposit and remove sand
(Finlayson 2006, Shipman 2008, Curtiss et al. 2009, MacLennan et al. 2010, SJC 2012).

The presence of surf zone defines the overall geomorphology of the shore and the associated
ecological communities.df example, surf typically precludes eelgrass and most other vascular

plants that live entirely below the water surface. Sediment transport is als@ iniéms the surf

zone, creating a highly abrasive environmdihius, coastal erosion, driven bothdiean and upland
processes, is the primary determinant of shoreline morphology in the San Juan Islands. The dynamics
of sediment transport and erosionward the SJI are complex and described in detail in sources such

as Finlayson (2006), Johannessen aralMnnan (2007), SJC (2012), Graham (20adyl WDBDE

(2014)

Becausef its shelteredocationalong Garrison an@/estcottBays,the shorelinef EnglishCampis
characterizedby mostlylow relief, mud-dominatedntertidalareaswith scattered satharsh.In
contrast, the soutfacing shoreline oRmericanCamp ismuchmoreexposedo theprevailingwinds
andconsistf jutting headlands andravelpocketbeaches on theestthatgradeinto a longsandy
beachtoward theeast andeturnto rockyheadlands at Cattleoint. Along AmericanCa mp 6 s
northernshore at Griffin Bay, intertidal areasirecomposed of gravel, sarahdcobble,muchof
whichis coveredwith drift logs.Rockyareas arénterspersed wittheseunconsolidatedreasAt its
easten end, the sandy shooé SouthBeachis backedby a steeperodingbluff face.Dethier and
Ferguson (1998) observed that the upped midintertidal zones of rogkareas within Griffin and
Westcott bays were similar to other rocky shores in the Sas Joatnthe low zones in most areas
were covered with or affected by muddy sediment.
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Rocky headlands with coves and distant bluffs of unconsolidated glacial deposits, south shore of
American Camp. (NPS)

Lagoons
When ocean currents encounter an obstacle that slows water movement, sediments settle out of the
water column. Where large amounts of sediment accumulate sandbars may form that restrict tidal
processes and emelally form lagoons (Kjerfve and Magill 1988hipman 2008). Healthy lagoons
are extremely productive (Alvaréorrego 1994, Alongi 1998), and because tidal processes and
wave energies are reduced in lagoons the sites provide critical habitat for mamgmsy
particularly larval and juvenile stagetfish and marine invertebrates (Beck et al. 2003, Anthony et
al. 2009).Lagoons are recognized by the Washington Department of Ecology as important natural
features (Flora and Fradkin 2004), and have beemtified as being particularly at risk fromparcts
of climate change (Anthony et al. 2009, Cloern et al. 2016).

There are three tidal lagoons on SJI, all of them located at American Camp: Old Town Lagoon is the
smal |l est and dr i e slagoonisthe fafgestsandrdeepest and codvanterl e 6 s
even in very dry summers, and Third Lagoon i
yearr ound. (Salinity data collected from Jakl e
this portion of the shore [Flora and Fradkin 200Fhep a r tiddl lagoonsarenotable because they

are the only lagoons daJl.

S

S
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Lagoon, can Camp.
Biological Resources

Nearshore and ocean processes have important roles in struceeisfore biologic communities
(Fresh et al2004, Mumford 2007, Sobocinski et al. 2010, and Brennan et al. 2009). Important

nearshore and intertidal species are presented in T&ble dirds that utilize the intertidal zone are

discussed in Sectich8.

Table 4.5-1. Selected nearshore species of conservation or commercial interest found in SAJH or
adjacent waters.

Classification | Species Common Name [ Notes/Locations/References
Zostera marina Eelgrass i
Z. japonica Eelgrass Non-native
Plants and Phylloxpadix torrey Seagrass Rocky substrates
Alga P. scouleri Seagrass Rocky substrates
Sargassum muticum Alga Non-native
S. japonica Alga Non-native
Protothaca staminea (I::Z::/e litleneck Westcott Bay (EC)/Griffin Bay (AC)
Nuttalia obscurata Varnish clam Westcott Bay/Griffin Bay
Saxidomus gigantea Butter clam Westcott Bay/Griffin Bay
Invertebrates | Panopea generosa Geoduck clams Westcott Bay/Griffin Bay

Venerupis philippinarum

Manila clam

Westcott Bay/Griffin Bay; Non-native

Crassostrea gigas

Pacific oyster

Westcott Bay (EC), Griffin Bay (AC); Non-
native

Mytilus trossulus

Mussels

Westcott Bay/Griffin Bay
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Table 4.5-1 (continued). Selected nearshore species of conservation or commercial interest found in
SAJH or adjacent waters.

Classification

Species

Common Name

Notes/Locations/References

Invertebrates
(continued)

Haliotis kamtschatkana

Pinto abalone

Federal Species of Concern, Washington
Candidate species; occur in waters adjacent to
both AC and EC (WDFW PHS data); all areas
closed to harvest.

Cancer magister

Dungeness crab

Il mportant fishery resq
Priority Habitat and Species list; Distribution in
San Juan County is poorly known but
Dungeness crab occur near the EC unit.

Pandalus goniurus

Pandalid shrimp

WDFW priority species; Concentrations of this
shrimp have been documented throughout

(humpy shrimp) muchofSanJuanCount yés mar.i
including in Griffin Bay.
Dendraster excentricus Sand dollar Sandy substrates
Strongylocentrotus spp. Sea urchins Important sub-tidal grazers;
Oncorhynchus keta Chum i
O. gorbuscha Pink salmon i

O. nerka

Sockeye salmon

O. kisutch

Coho salmon

O. tshawytscha

Chinook salmon

Smelt use nearshore habitat for all of their life-
history stages; Smelt breeding grounds occur

Fish . i
Hypomesus pretiosus Surf smelt in nearshore areas of the EC unit, around the
perimeter of Bell Point (Friends of the San
Juans 2004b).
Pacific herring are a Federally designated
Clupea pallasii Pacific herring Species of Concern, and require nearshore
waters for all life-history stages; Penttila 2007
" nearshore habitat for all of their life-histor
Ammodytes hexapterus Pacific sand lance use nearshore habitat for all of their life-history
stages
Phoca vitulina Harbor seal i
Mammals — -
Eumetopias jubatus Stellar sea lion i
AquaticVegetdion

Seagrasses are flowering plants that require sunlight but are rooted in the ocean floor and grow

completely submerged. Seagrass beds are often the basis eéca®lnarine ecosystems that

provide habitat and physical stability for nearshore enuemtsexposed to wave and tidal energy

(Murphy et al. 2000, Bostrom et al. 2006, Duffy 2006, Plummer et al. 2013). The condition of

seagrasses ecosystems is often an important indicator of water quality and marine conditions,

including effects of climatelange at local scales (Orth et al. 2006, Thom et al. 20RHYyllospadix

seagrasses, particulaiy torreyiandP. scoulerj are the most common seagrasses around SJI and
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are associated with rocky substrates (Christiaen et al. 2Byljospadixare preentin the waters
around American Camp but not English Camp (SJC 2012, Christiaen et al. 2017).

Marine eelgrasses are a common group of seagrasses in th&Zgstaua Eelgrass beds usually

occur as patches or narrow bands near the shore, or as salidwseana the subtidal zone (Nelson

and Waaland 1997). Eelgrass beds occur near mean lower low water (MLLW), extending up to 6.5
ft/2 m above and 30 ft/9 m below MLLW (Feeves 2006, PSAT 2007, Christiaen et al. 2016). The
depth to which eelgrass grows is determined mainly by water clarity and sedimentation (Kaldy
2014), and eelgrass can be buried and killed by sediment deposition during($@kesse et al.

2005) Eelgras beds increase in extent in spring and summer in response to warming water
temperatures then retreat during fall and winter (Kaldy 2014). The native e@lgstss marinas

the most common species around SJI and provides iamdrabitat for invertetates, juvenile

salmon and forage fish (Ferraro and Cole 2007, Mumford 2007, Christiaen et al. 2017).

The causes of the declines of seagrasses i n man
conclusively (Short et al. 2011tJjough recent studiesggest that disease may be an important

driver (Groner et al. 2016). Dethier and Barry (2008) generally ruled out temperature, salinity, and
sediment changes as causes of eelgrass declines in Washington. The extent of nativeesdgrass
apparently declirg substantially in the San Juan Archipelago up until the26@Ds, but the decline

appears to have halted and in many areas eelgrass has increased (Gaeckle et al. 2008, Dethier and
Barry 2008, Shelton et al. 2016, Christiaen e2@l.7).

Kelp are large rarine algae that acquire nutrients from the water column and anchor to rocky
seafloor substrates by means of holdfasts (Mumford 2007). Kelp are typically much taller than
seagrasses, and many species also have blades that floatveater surface whileeagrasses

generally do not extend above the water. Kelp prefer-aigrgy environments where tidal currents
renew available nutrients and prevent sediments from burying young plants (Mumford2aon-
Simmons et al. 20)2Kelpi f o r pravidesfamdand refuge for many species from invertebrates to
marine mammals (Mumford 2007). Several species of kelp commonly occur along the west coast of
SJl in the shallow subtidal zone from MLLW to abo86 ft/i 20 m (SJC 2012). Kelp aregsent in

some locationgalong the shoreline of American Camp but not in the bay near English Camp.

In addition to kelp and other seaweeds, several species of emergent vascular plants occupy the shores
of the park and its lagoons. The lagoons or surrourshitignarshes host seaéspecies listed by the
Washington Natural Heritage Program as Sensitive such as sharpfruited peppeegidasng

oxycarpum Nut t al lsogtes ngptalll, &ant evextrpygmyveed Crassula connatgas well

as a noteworthvegetation assemblag®alicornia virginicai Distichlis spicata Triglochin

maritimai (Jaumea carnogaHerbaceous Vegetation.

Marine Invertebrates
Nearshore invertebrates include marine species that inhabit the intertidal or shallow subtidal zones.
Of particular economic anecological importance around the SJI are mollusks (barnacles, clams,
oysters, and abalone), crustaceans (crabs) and echinoderms (sea urchins, sea stars). The group that
includes mollusks and crustaceammarine invertebrates with eskeletons oshell® are often
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referred to agi s h e | thofigh thdy are not fish. Shellfish utilize tidal marsh vegetation, are

attached to rocks, and burrow in soft sediments (DesimémBerry2008). Adults forage amid tidal

marsh vegetation, attachrocks (e.g.barnacles), rest on or burrow in the sediment (e.g., clams), or
are highly mobile (e.g., crabs). In general, shellfish depend on specific sediment compositions (such
as grain size, amount of different grain and gravel sizes, organic cdbéthiefet al.2006).

Marine Fish
Forage fish are species tmaay be prey fosalmonids, seabirdand marine mammali general
forage fish species require specific substrate types, clean water with low suspended sediment levels,
and suitable spawningdrefuge habitat such as eelgrass beds (Morgan and Levings 1989, Levings
and Jamieson 2001, Reka 2007) A survey of intertidal fish in November 2002 at 11 sites in
English Camp and 15 in American Camp yielded 14 species, including surf smelt, sayatidnc
herring (Fradkin 2004).

Pacific sand lanceAfnmodytes personafislong with surf smeltH{ypomesus pretioshand Pacific
herring Clupea pallasij are particularly important forage fish in the Salish Sea (Selleck et al. 2015,
Bizarro et al. 2016)Paific herring have been federally designated as a Species of Concern and use
nearshore habitat for all Ifeistory stages, often utilizing intertidal rocky substrates for feeding and
resting while depositing eggs almost exclusively on eelgrass orrothieie vegetation (Penttila

2007). Surf smelt and sand lance also use nearshore habitat; smelt breeding grounds occur in
nearshore areas of the English Camp unit, around the perimeter of BellF=ir2q04)while sand

lance spawning has been documemteat False Bay and north of Cattle Point (SJC 2012).

Large numbers and multiple life stages of several salmon species are found along the nearshore of
SJI from early spring through late summer, though spawning of any salmon species near park sites
has nobeen documented (Kerwin 2002, WyHlicheverria and Barsh 2007, WyHkcheverria

2008, Beamer and Fresh 2012). All nearshore areas of Puget Sound, including San Juan County, have
been designated Critical Habitat for Puget Sound ChinGokdgrhynchus tsiveytschg and Hood

Canal summerun chum salmond. ketg. A designation of Critical Habitat for Puget Sound

steelhead®. mykisywas completed in 2016 and includes nearly all shoreline areas of SJI (81 FR
9252).

Marine Mammals
Pinnipeds (marine mammalstiviront and reafi f | i ptipakutiligedcSAIJH beaches include Stellar
sea lions Eumetopias jubatysand harbor seal®tioca vituling, though neither species breeds
within park boundaries (Jeffries et al. 2000). Harbors seals are the most commonmaanina!
observed throughout the San Juan Islands (Zier and Gaydos 2014). Females haulout from June
through August and are often seen at Grandmaos
SJI but not in or adjacent to SAJH.
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Pacific harbor seals (Phoca vitulina) in Westcott Bay, Engish Camp. (NPS)

Steller sea lions were federally listed as threatened in 1990 though there is no critical habitat
designated in Washington (Wiles 2015). In the fall, winter, and spring months an estimated 800 to
1,000 sellar sea lions move through the Strait of Juan de Fuca and Strait of Georgia to feed (PSAT
2007,Wiles 2015). Stellar sea lions haulout on SAJH beaches, and evidence suggests that individuals
exhibit site fidelity to haulout sites as well as to rookerdesendent on factors such as food

availability and human disturband&/iles 2015).

Approximately five species of cetaceans and baleen whales utilize marine waters around SJI both
seasonally and yeaound: killer whales@rcinus orcg, gray whalesEschrichtius robustugs

humpback whalesMegaptera novaeanglidgeDall's porpoiseRhocoenoides da)li and harbor

porpoise Phocoena phocoehaSea ottersEnhydra lutrig were extirpated from Washington but

were reintroduced in 1969 and are occasionallyhted throughout the SJI. Though whales, dolphins

and sea otters are critical elements of oceanic ecosystems, they rarely utilize waters adjacent to SAJH
sites so will not be further assessed.

4.5.3. Reference Conditions

Coastal Processes

Natural sedimet-transport processes should be unimpeded. For this to occur there should be no
impacts of artificial structures on tidal movements (MacLennan et al, Sbiljfiman et al. 2030

Bluff erosion should be maintained as a natural process but not accelgrateddn activities
(Johannessen and MacLennan 2007).
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Biological Resources

There are few references for determining overall reference conditions for nearshore biological
resourcesldeally, reference conditions ftre entire nearshore environmentroundng SAH

would include the absence of invasive plant and invertebrate species and would include all native
plant, algal, and fish species historically recorded. Marine mammals would utilize SAJH beaches in
abundances similar to historical records. The éxiéeelgrass beds should not decline and the

growing depth not change. Spawning by forage species should occur and be successful at historic
levels (Simenstad and Cordell 2000). Though salmonids are present seasonally in nearshore waters of
both park ung, thepresence/absence and abundance of salmon is not one of the stronger indicators
of local conditions because they do not spawn here and individuals move over larger areas on a daily
basis.

4.5.4. Data and Methods

Coastal Processes

MacLennan et al. (2ID) dd a thorough job of classifying all shoreline and bluff segments in San

Juan County, including SJI; methods are described therein. However, as far as is known there are no
data or sources of information that describe shoreline morphology priotléoset and armoring.

The State provides an interactive mapping tool for coastal resources that includes data on vegetation,
shoreline geomorphology, historic aerial photography, shoreline modifications, historical shoreline
photographs, and other datasseith metadataffrtress.wa.gov/ecy/coastalatlas/tools/Map.aspx
fortress.wa.gov/ecy/waterresources/map/WaterResourcesExplorer.aspx).

Biological Resources

The NCCN intertidal monitong prdocol (Fradkin and Boetsch 2012) includes methods for

sampling invertebrate and macroalgal communities at SAJH. Two sites in the rocky intertidal have
been established, one at American Camp (east of
Poind, butas far as is known no monitoring has been conducted at these sites since Dethier (1993,

cited below) For all species the Washington State Department of Fish and Wildlife maintains a
publicly-accessible spatial database of occurrences from thétyPHiabitat and Species list (PHS;
http://apps.wdfw.wa.gov/phsonthewgldescriptions of how map source data were acquired are

available ahttps://wdw.wa.gov/conservation/phs/list/

AquaticVegetation
The Washington Department of Natural Resources (DNR) conducts annual monitoring of seagrass
populations across Puget Sound, including several sites near SAJH as part of its Submerged
VegetationMonitoring Program (Sewell et al. 2001). Sampling methods are referenced and results
are presented in numerous reports including Christiaen et al. (2017).

Marine Invertebrates
Permanent plots for habitat sampling were established by DelihieiFergusofil998) atsix sites
within American Camp and two within English Camp. Within and near the English Camp unit,
Dethier and Ferguson (1998) conducted a more intensive survey of Westcott and Garrison Bays for
the San Juan County Department of Community Devedy andPlanning. In addition to
characterizing the invertebrate faunal diversity, the study compared intertidal areas that were opened
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versus closed to harvesting of clams. Beginning in 2000, J.E. Byers conducted research in several
marine reserve sitesound tle SJI including one in Griffin Bay to assess relative abundance and
diversity of native and nenative clam species (Byers 2005).

Marine Fish
A survey of intertidal fish was conducted in November 2002 at 11 sites in English Camp and 15 in
American Camp (Fadkin 2004). Some salmon surveys have occurred near theigragkample
Beamer and Freq2012) provided estimates of fish densities for several species in waters around the
SJI (Table 46-2).

Table 4.5-2. Densities of fish/ha around the San Juan Islands. All densities are fish/ha, log-transformed,
and approximate from figures; from Beamer and Fresh (2012).

Locations
Bluff-backed beach Straight Juan de San Juan Channel 7
densities (most of AC Fucai SJI (South Haro Strait NE South (North side
Species and EC) side AC;2) (EC:;3) AC;10)
quh\l’ﬁg'c')i wild 0.23 0.10 0.08 0.05
Juvenile Chum 0.32 0.18 0.25 0.22
Juvenile pink 0.22 0.10 0.08 0.28
Pacific herring 0.15 0.04 0.25 0.08
Surf smelt 0.18 0.10 0.30 0.38
Pacific sand lance 0.40 0.36 0.18 0.50
Lingcod/greenling 0.80 0.38 0.44 1.00

Marine Mammals
Gaydos and Pearson (2011) provide a list of mammals that use Salish Sea waters. Jeffries et al (2000)
surveyed mammals at several sites near AC and EC as part of aslakgsr of Washington State.
As far as is known there are no ongoing surveys for presence/absence or abundance of either harbor
seals or Stellar sea lions within SAJH.

4.5.5. Resource Condition and Trend

Coastal Processes

The par k6s s h o airsino antitcialstructures.hie WWashingtowm Department of Fish

and Wildlife (Wilhere et al. 2013) found that the American Camp shorelindiisnro d er at e 0
condition while English Camp received a lower raifRgjure4.5-1). However, the authors of that

study strongly cautioned againsterpreting the ratings at anything finer than a regional or

watershed scale since the ratings are related only to other shoreline segments in Puget Sound. The
State Department of Ecology classifies the amount of heoaase shoreline modification alondla
shorelines of SAJH sites to bei BD% except for a small portion west of the pier at English Camp
which is classified at 8B0% modified fittps://fotress.wa.gov/ecy/coastalatlastaiMap.aspk
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Figure 4.5-1. Ratings of San Juan Island marine shoreline segments as assigned by WDFW. Green
colors indicate higher habitat quality while red colors are lower quality. See Wilhere et al. (2013) for rating
criteria.

Along the Cattle PoinRoad that bisects American Camp, natural erosion of a coastal bluff is
proceeding at a rate of 1.7 ft (0.5 m) per year and is expected to come within 2 ft (0.6 m) of the road
by approximately 2026, severely threatening thilty of the bluff (FHWA and\NPS 2012).

Realignment of 4,950 ft (1,509 m) of roachmw completedThe realignment of the Cattle Point
Roadwas done to maintain vehicular access to the community at Cattle Pointraaditde further
coastal erosion ithat area (Graham 2014). Elseav in the park, staff have partnered with the
Washington Conservation Corps to control erosion and stabilize an exposed shell midden, an
archaeologically significant feature, on the north coast of the English Camp ino@&dyg. The

project has proteatkarchaeological resources from being washed away or exposed to poachers, and
this stabilization will also protect plant and animal habitat.

Biological Communities

AquaticVegetation
Overall benthic communities around Puget Sound appear to be improviaByIFP&017), though
conditions for eelgrass in Westcott Bay are still poor (Ferrier and Berry 2010). The total areal extent
of eelgrass at SJI has not significantly changed 26064 2015, nor the total abundance of eelgrass
across the entire Puget Sound€Bn et al. 2016, Christiaen et al. 2017).

Within or near the park approximately 86 acres (35 ha; 77%) of eelgrass were lost in Westcott
Garrison Bays between 2000 and 2004 for umknceasons (Pentilla 2007, SSPS 2007, Ferrier and
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Berry 2010). Current mmotoring of eelgrass at four sites on SJI indicate that three populations are
still in decline (including Westcott Bay; Ferrier and Berry 2010), while one population near Friday
Harba has expanded (Christiaen et al. 2016, Christiaen et al. 2017), arabeeklgmains abundant
along Fourth of July Beach and occirshallow areasear Salmon Campffshore ofSouth

Beach). @ristiaen et al. (2017) found that although eelgrass at two sites near AC and EC declined
from 2000 2015 those same sites were stafiotem 2010 2015 The introduction of nomative
eelgrasses is a potential threat (Mach et al. 28hdfer et al. 2014)

The floating kelp canopy area in the Strait of Juan de Fuca has increased in recent years (Berry et al.
2005). However, the lack of aggpriate reference data makes it impossible to determine if current

kelp abundance and extent is within the natural rafgariation. Very little is known regarding

species composition and richness of other macroalgae species within the park.

Marine Invertebrates
Dethier(1993) documented the occurrence of 149 species of macroscopic invertebrates and fishes as
well as 58 spcies of vascular plants, lichens and algae. The author suggested that if more habitat
types and sites had been sampled, encompagater temporal and tidal variation, the species total
might have been 30% higher. She found little overlap betweenxhert rocky versus soft
substrates.

Long et al. (2005) found diversity of bottedwelling invertebrates (127 taxa) was higher at site

in Griffin Bay than at nearly any other of the 30 sites sampled throughout a region encompassing the
San Juan Islangd&astern Strait of Juan de Fuca, and Admiralty Inlet. Dethier and Barry (2008)
conducted a followup survey to their work in the 199@hich found that species diversity appeared

to remain high over time at one sample site near English Camp.

Mollusks and Shellfish
Pinto abalone have experienced dramatic declines in the last few deRattesi et al. 2008in the
inside waters ofWashngtonabalone is currently found only in the San Juan Islands and the Strait of
Juan de Fuca (Dethiet al.2006). Abalme declined from 351 individuals per site to 103 per site at
ten longterm monitoring stations In the San Juan Archipelago betweehdi®2005 (PSAT 2007),
and at current levels are likely below effective population size (Dethier et al. 2006).

Byers (206) found an abundance of both native and-native clams at a site adjacent to British
Camp, and further found the biomass of natileens to be more than twice as great asmative

clam biomass. Very little is known regarding shellfish abundanceraigreff the coast of SJI given
that habitat for these species in the area is limited (SJC ZM2PHS database includes records of
Dungeness cralmther hardshell crabs and oysterbedsaters adjacent to English Camp

Echinoderms
Sea stars along the stern coast of North America experienced a stunningffieeginning in the
fall of 2013, later attributed to a virus and possiblymer ocean temperatures (Eisenlord et al. 2016,
Kohl et al. 2016, Menge et al. 2016). As far as is known no specifiesthdve been conducted
since that time on the west coast of SJI to assess current conditions for sea stars. In general the Puget
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Soundsea urchin population is considered stable, although population declines in specific geographic
areas have been noted AS2007).

Marine Fish
Friends of the San Juans (FSJ 2004) documented 14 species of forage fish including surf smelt,
sandlance, and hing that utilize nearshore habitats around the SJI. The same surveys failed to find
evidence of spawning by herring imetWestcott Bay/ Roche Harbor region despite historic records
of spawning in the area (FSJ 2004, Stick and Lindquist 2009). The absesgawning was
coincidental with the loss of eelgrass from that area (Penttila 2007). Juvenile herring continue to be
present in low numbers (Beamer and Fresh 200t&).PHS database includes records of surf smelt
breeding at many locations adjacenEtgglish Camp

Juvenile pink salmon use Westcott Bay near the English Camp unit to a lesser degree than in most
other appropate habitat areas around the San Juan Islands. Use of both park units by juvenile
Chinook and chum salmon, and use of the Americam|Cnearshore by pink salmon, is at or below
average compared with the rest of the San Juans. In general salmon rduoeylydut the SJl is
inadequate for the goals of sslistaining populations (PSP 2013).

Marine Mammals
As far as is known there is mieend information for the number of Stellar sea lions or harbor seals
that utilize SAJH beaches. Jeffries et al. (20Gfed two groups of less than 100 harbor seals using
sites north of American Camp and several additional small groups at severalaited Roche
Harbor. No use by Stellar sea lions along the west coast of SJI was noted in that report (Jeffries et al.
2000). The stellar sea lion population that includes Puget Sound (eastern DPS; NMFS 2008) is likely
greatly reduced from historic pteurting numbers but appears to be increasing (NMFS 2008, Wiles
2015), and there appear to be no threats to continued redovéng eastern DPS of Stellar sea lions
(NMFS 2008).

4.5.6. Level of Confidence
Overall there is onlyow to moderate confidence the condition of any nearshore indicators at
SAJH given the near absence of monitoring of these resources in recent years.

4.5.7. Data gaps/Research needs/Management recommendations

Coastal Processes
1 To better facilitate management of shoreline resouoreming efforts by NPS and
cooperating agencies to deyne the boundari es
along the parkbdés borders should continue.

1 Erosional processes at American Camp should be monitored.

1 Monitoring of nearshore water qualita@ameters is needed. There has been no systematic,
mult-:y ear moni tori ng of neaashoeerhabiats,ahdioffsiyoreimaring h e p e
water samples have not been analyzed for a full spectrum of chemicals or with sufficient
frequency to determinécontaminants are present in concentrations potentially harmful to
biologic organisms.
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Biologic Resoutes
1 Intensified efforts to monitor biological resources in the nearshore environment within the
park are needed. For example, eelgrass and kelp acemently being sampled in park
waters. Although the floating kelp canopy area in the Strait of JuRnaein recent years
has increased (Berry et al. 2005), the condition and trends of kelp distribution or abundance
have not been monitored specificadlipng the shores of San Juan Island or the park.

1 For invertebrates, permanent plots that were estalllisaee not been monitored, surveys
have not covered all parts of the park's shoreline, and surveys have generally not been
taxonomically comprehensive.

1 The yeaito-year condition and trends of salmonid fish have not been monitored specifically
along the sbres of American Camp or English Camp. Reasons for the relatively low use
(compared to other areas of the San Juans) of the park's shorelines bydsalemahivhether
that condition is normal, are unknown.

1 The adaptability of salmonid populations undetioaas scenarios of climate change is
unknown.

1 Cooperative projects with local stakeholders, other state and local agencies, and citizen
science groupsaotld facilitate greater success in monitoring fish, shoreline habitat, intertidal
communities, water qlity, shell fish population dynamics, exotic species introductions, and
eel grass. Likewise, maintaining and strengthening relationships with reseattier
University of Washington Friday Harbor Laboratories could help facilitate needed research,
paricularly regarding invertebrates, algae, and ecosystem processes.

1 Regular monitoring for the introduction of invasive aquatic plants and invertelgates i
particularly important.
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4.6. Native Plant Species of Concern
By Peter Dunwiddie and Catherin Schwemm

4.6.1. Condition Summary

Golden Paintbrush

The current status and trendgafiden paintbrush at SAJH is unknown but is of concern. Planted
populations at other sites appear to bedasing. Confidence for the assessment of paintbrush is
medium.

Erect Pygmyweed

Erect pygmyweed listed by the State as threatened, and the absdmata on the species within
the park warrants concern for the status of the park population. Tremgspark are unknown and
confidence in the assessment of pygmyweed is medium.

Hall 6s Aster and California Buttercup
Bot h Hall 6s a buttexcup aee mfdsign@ieaht cohcern withimthe park, with little
knowledge of condition or trends. Configdenin the assessment for both species is low.

Madrone
The status of madrone in the park appears to be stable, but the threat of disease wateants con
Trends are stable and confidence is medium.

4.6.2. Background

Golden paintbrushGQastilleja levisecta

Goldenpaintbrush is a perennial herbaceous species in the Scrophulariaceae family. Plants have
multiple single stems whtsticky (viscid) leaf surfaces and yellow flowers. Individual plants are
perennial but relatively shelived (5 6 years) and reproduce orly seed. Plants can sgbllinate
and set seed when separated from pollinators, however, research showsittziopodjreatly
increases seed set (Caplow 2004). Many species of the @astiejaincludingC. levisectaare
parasitic or serpparasiticon host plant rootd_awrence and Kaye 2008preenhouse studies have
demonstrated that while plants can survivehaut host plants, survival and vigor Gf levisecta
individuals are significantly increased when preferred host plants are availablerjtavarel Kaye
2008). A detailed description @f. levisectabiology and ecology is provided in the recovery plan
(FWS 2000).
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Golden paintbrush (Castilleja levisecta); photo by J. Shrum with permission.

C. levisectas listed as Federally Threatened anat&Endangered. At present there are only 11
extant populations of this species known, all of which occur in tigetPTrough (FWS 2007). A
number of populations historically known from Oregon are all now extirpated (Caplow 2004),
though at other sites tesation efforts appear to have resulted in at least-$@ort success
(appliedeco.org/paintinthe-prairie-following-golderrpaintbrush. Much work has been done to
determine critical habitat variables for the species and investigategatipn techniques (e.g.
Lawrence and Kay2011, Dunwiddie et al. 2013, Dunwiddie and Martin 2016). In gerizral
levisectarequires opeprairie-herbaceous communities on either steepelatively flatslopesand
onwest and southwesacing aspects (Caplow 2004). The herbaceous sites prefgr@ddwvisecta
are also apparently associated with forest types dominated by western red cedar/western
hemlock/Dougladir as are found at SAJH (Caplow 2004). In general, the most suitable habitats tend
to retain higher levels of soil moisture and are dwtad by a digrsity of perennial native grasses
and forbs (FWS 2007).

Historic records include an occurrence®flevisectaat Cattle Point, although the record lacks

sufficient detail to know precisely whether it occurred within the boundary of thg\Naghington

Natural Heritage Program). In addition to this historic record from the park there are several extant
populations within 23 mi (3i 5 km) of American Camp, indicating that SAJH is within the historical
range. Attempts to establish (perhapgstablish) thispecies in the park began in 2009 when 400
seedlings were planted at selected sites at American Camp. Subsequent surveys found one flowering
plant that survived until 2010 but no additional data on this outplanting are available. Monegseedl|i
were plangéd in the fall of 2012, with 57 flowering plants recorded in the spring of Zi&her

planting occurred in 2019 but flowering success has not yet been recorded (S. Dolan pers. comm.
2019.
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Pacific Madrone Arbutus menzies)i

Pacific madroe (i ma d r) & noeimperiled globally, however, the plant community with which it

is frequently associatédthe Pseudotsuga menziesii/Arbutus menzi@uiuglas firmadrone) forest

and woodland allian€eis of conservation concern. Both Douglas fir and road are resint to

fire and on many sites can bedominant over substantial successidnahsitions Madrone is one

of the few evergreen, broadleaf trees in the area, and provides important wildlife habitat (Gurung et
al. 1999).

Pacific madrone (Arbutus menziesii). (NPS/J. Shrum with permission)

One factor that makes the persistence of madrone of concern is the Fusgreescum arbuthat is
contributing to a regional decline of madrone (Elliott et al. 2002, Farr et al. 2005, McGregor et al.
2016) The fungi b6s increase since the 1970s is hyp
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is thought to be the agent most respdesibr mortality of mature madrone trees (Elliott et al. 2002).
Another fungud Phacidiopycnis washingtonengidias aso recently been noted in western
Washington and Oregon and causes excessive leaf blight that may be caused by cdidlistitests (
al. 2014).Madronedominated forest associations are discussed in Setiion

Erect Pygmyweed Crassula conna}a

C.comata(il p y g my Wvsdiged by the State of Washington as Threatened. Pygmyweed is an
annual that requires winter precipitation to germenauit is located on drier, open summer sites near
rocky outcrops and wetlrained soils. Pollinators and seed dispes are unidentified. A population
of approximately 750 plants withinameacre site at the base of the bluffs on South Beach was
discoveed in the park in 20Q®ut as far as is known there is none present in the park in 2019 (J.
Shrum pers. comn2019.

California ButtercupRanunculus californicugar. californicug

A state Threatened species, California buttercup occurs in severabihacatiAmerican Camp, with
>1800 plants mapped in 33 patches in 2005 (R. Rochefort, personal communication, 2014).
However, this species in the park commonly hybridizes Ritbccidentalisand the two are often
difficult to distinguish (J. Shrum pers.rom. 2019).
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California buttercup (Ranunculus californicusgar. californicug. (NPS/J. Shrum with permission)

Hall's Aster (Symphyotrichum halbii

Al so | isted as st agsanhebéceoasaperermial dpetietlgaawsi® s ast er
relatively dry open spaces in valleys and plaktspresent none is known to exist in the park (J.

Shrum pers. comm. 2019).

4.6.3. Reference Conditions

Reference conditions are presented here only fospheific populations in and near SAJH, not for
the entire range of any species. For all populations within the park, general reference conditions
would (at a minimum) be the exisg distribution and abundance. Populations should be self
sustaining.

97



Goldenpaintbrush

There are no reference data for natural occurrences of this species at the pétle srichown
regarding the actual extent of the species within the park bsfeiaitiation of habitat loss (FWS
2000).However, because this is a managegulation, a substantial amount of research and
experimentation has been conducted in relation to this species and goals for recovery success are
well-documented. Specific criia for evaluating recovery success of the park populations (FWS
2000) incluck:

1 Two and preferably three sedtistaining populations within the park. (The Recovery Plan
sets a goal of 20 seflustaining populations distributed across the extant and hisamge of
the species; four viable populations in the San Juan Islands iewaldpropriate towards
meeting this goal.) Populations must be separated by adléasii (1.0 km) to be considered
distinct.

1 All populations must be seHfustaining and stabl@ot declining) with a §ear (running)
average size of at least 1,000 floimg individuals and evidence of successful reproduction.

1 The extent of each population should be at least several acres.

Additional population variables, such as survival andtatity rates, limiting factors, and seed bank
abundance, are of critical eogical importance (Caplow 2004), howeyamost nothing is known
about these measurfes this species (FWS 200Dpngerterm factors such as resilience and
persistence are alsmportant but difficult to measure within the protocols of a basic monitoring
program as is currently in place (FWS 2000).

Madrone
Aside from the threat of fungal infection the current stands of madrone do not appear to be at risk, so
the absence of diseam park sites is the reference condition for this species at SAJH.

Statelisted species

Criteria to evaluate the three stéisded rare plant species found at the park should include the
number of populations, abundance within each population, extehpapulation trend. However,
specific metrics for these criteria for eaclesjes have not been quantified. At present the current
extent of each population and estimated abundance should be considered.

4.6.4. Data and Methods

Much work has been conducted golden paintbrush given its rarity and effortse@stablish
populations across the range (Dunwiddie et al. 2013, Dunwiddie and Martin 2016) but as far as is
known there are no data available for the current status of the population within SAJarkheo

data available for any of the other rare sgeaevithin the parkthough the Washington State
Department of Fish and Wildlife maintains a publielycessible spatial database of rare plant
occurrences from the Priority Habitat and Species lis§(PH
http://apps.wdfw.wa.gov/phsonthewgliescriptions of how map source data were acquired are
available atttps://wdfw.wa.gov/conservation/phst/.
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4.6.5. Resource Conditions and Trends

Attempss to reestablish golden paintbrush in the park are underwaygsidblishment was initiated

at American Camp in 2009 when 400 plugs were installed. One flowering plant was recorded in
2010, but no adtional data on this outplanting are available. Addisibplugs were outplanted in

fall of 2012 and in the American Camp prairie habitat plots in 2019 (S. Dolan pers. 2048057
flowering plants were recorded in spring 2013 but flowering succedsdse planted in 2019 is not

yet known. Also, attemptsave been made to establish new local populations on Waldron, Lopez,
and Shaw Islands, and San Juan Island, including at American Camp. These efforts began in 2007,
and have included outplanting of neinggrown plugs of this species, as well as some site
management, which has included control of invasive species, cutting of encroaching shrubs and trees,
burning, and fencing to reduce access of grazing animals.

Arnett (2014) reported increases in popioiag at nearly all sites monitored, though most insgea
came from planted sites not wild populations (cascadiaprairieoak.erg/wp
content/uploads/2014/12/CALEO14populationsummary.pdf)Recent data from the SAJH sites
were unavailable for this report.

As far as is known the populations of madrone withidi3Are free of disease and are stable.

Information to fully assess the condition of pygmyweed is insufficient, as is information on its

historical abundance here or elsewhere in the state. Likewese is insufficient information to
assessthecurremdan di ti ons of either California buttercuj

Thereforeall species are rated here as being of significant concern. The population of California
buttercup at American Camp comprises atreély small number of individuals, and road

constrution, invasive species, and hybridization with western buttercup all pose significant potential
threatsGi ven what i s known about the habitat prefer
and treir current distribution, it is likely that they welbeth more widespread and abundant in the

pre-contact periodhan they are currently on San Juan Island. Both species are associated with prairie

and related habitats that have declined greatly in ar@@@ndition.

Non-native species have the potentiahtgatively impacpopulations of rare specieihe most
problematic nomatives ardnerbaceous speciebable 2.3xhoughinvasive shruhdike Scotch
broom(Cytisus scopariysand Himalayan blackberRubus armeniac)scan be extremely
deleterious iflhey become establishédcause they may lead the community in a successional
trajectory from prairie tehrubland.

4.6.6. Level of Confidence
Medium

4.6.7. Data Gaps and Research Recommendations
1 The reovery plan forC. levisectg FWS 2000) highlights reintroduction as a necessary
element for recovery. Considerable habitat exists within the park that could potentially
sustain new populations @f. levisectapositioning the park to play a critical rolethe
recovery of this spees. Information needs related to this effort with SAJH can be grouped
into propogation, site management, monitoring and determination of survival and mortality
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factors A summary of research and monitoring need<Cfdevisectaecovery are presented
in Table4.6-1.

1 No regular monitoring has occurréat most ofthe park’s rarer species of vascular plants
such agCrassula connataRanunculus californicusgar. californicus andSymphyotrichum
hallii, so trends in size or exterftmopulations are unknown.

1 Annual forbs and other species that may be especially adapted to regular burning could be
particularly vulnerable to loss (Dunwiddie et al., in press}tdgate surveys are needed to
document population numbers, area occumaédct locations, and othenportant data for
management.

1 A greater effort should be made to assemble known informahosugh a combination of
literature review and expert intervievahout rare plant species within the state in order to
better put in ontext the populations fodrat the park.

1 Unregulated deer populations have effects on vegetation even at very low densities (Arcese et
al. 2014). Herbivory is a strong limiting force on native plants, particularlgpecies
dependentn specific habitatsuch as oak meadows (Gales and Arcese 2008).

Table 4.6-1. Research and monitoring needs for C. levisecta population recovery inside SAJH.

Recovery Element | Needs References

Success has been achieved in the last several years in
establishing C. levisecta at several sites and NPS efforts to
coordinate with others active in this endeavor should continue.
Specific tasks that might be addressed cooperatively in
relation to propogation include determining the best seed
sources and finding ways to grow plants most efficiently.

Propogation Lawrence and Kaye 2011

Exotic species, especially annual and perennial grasses,
should be scarce and easily controlled.

More host plants are needed

Identifying and quantifying associated species in recovery
habitat to evaluate the presence and abundance of host
species and competitors.

In the absence of more frequent fires, it is assumed that
natural succession will allow more woody species to expand
into prairie and grassland sites where C. levisecta is most
common, so more information on the need for burning or other
actions that might create microhabitats more suitable for seed
establishment is needed.

Site Management Lawrence and Kaye 2011

Monitoring of grazer numbers and behavior to determine
factors that contribute to herbivore impacts should be included
with population monitoring, and consideration given to
herbivore control.

Survival/Mortality Caplow 2004
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Table 4.6-1 (continued). Research and monitoring needs for C. levisectgopulation recovery inside
SAJH.

Recovery Element | Needs References

Annual monitoring of all outplanted C. levisecta individuals to
assess survival, productivity, and mortality, and surveys to
locate any individuals that may have recruited from seed, are
necessary for all reintroduction programs.

Caplow 2004, Ewen and
Armstrong 2007, Drayton
and Primack 2012

Monitoring

4.6.8. Sources of Expertise
1 Christopher Chappell, Washington Departmentlafural Resources, Natural Heritage
Program
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4.7. Terrestrial Vegetation and Land Cover
By Peter Dunwiddie ath Catherin Schwemm

4.7.1. Condition Summary

Prarie and Oak \Wbdlands
Prairie and oak woodlan@se rare and generally declining in the Pacific Northwest, though in the
park these habitats are currently relatively vme#inaged and are being restored.

Old-Growth Forests
Old-growth forestsare much reduced in extenittwithin the park appear stable.

Coastal Strand
Coastal stranglegetation appears stable and responsive to dynamic dune processes.

Summary
Herbivory by rabbits and deer is of concern, as arasive species. Trends are stable to improving,

and confidene in current conditions is high.

©

4.7.2. Background

Prairies and Oak Woodlands

For this assessmenftp r a irefelis ® segetation communities in SAJH that are dominated by native
herbaceous species. Prairies generally have few shrubs or conifers, and if oaks or other trees are
present there is a relatively open understory (Peterson aod R#¥8). Garry oak samnas and
woodlands are also discussed in this section because the two communities often include similar
understory species, occur in proximity to each other, and were historically maintained by similar
ecological processes (Petedé®hebitz 2006).

PugetLowland prairies, such as the rocky bald and oak savanna vegetation on Young Hill at English
Camp, are some of the most endangered habitats in Wash{Mgtesm et al. 1995, Chappell et al.

2001, Chappell 200€andb, Dunwiddie and Beker 2011, WDFW 2015Specifically, six prairie

complex plant associations found in the park are designafedamp eorfilCe d di cal |l y | mpe
eitherwithin Washington or globally (Tablk.7-1). Plant species diversity varies greatly across sites

identified as prairie/oakoodland, and these communities occur on a variety of substrates, including

rocky exposures and coastal bluffs, and on diverse soil types. Prairie plants are critical resources for
pollinators (e.g. bees; ldme et al. 2013), and his (Altman 2011; praie/oak woodlandlependent

bird species are discussed in sectids).

Prairies and oak woodlands of the northwest have been studied at length, and while a general
ecological description is provided below, a thorough description isroethe scope of this
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assessment. For additional information the reader is directed to sources such as Chapelle et al.
(2001), Burton (2002), and Dunwiddie et al. (2011).
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Table 4.7-1. Frequency and areal extent of prairie associations in SAJH (excepting dunes and coastal strands), with imperiled associations (if

applicable) as modified from Rocchio et al. (2012).

Conservation

Ruderal

Status (if
Alliance/Species Description Total Acres applicable)
Symphoricarpos albus (snowberry) Pacific Coast Shrubland 68 T
Quercus garryana (Oregon white oak) Woodland 20.5 T
Quercus garryana / Symphoricarpos albus / Carex inops Woodland T G2/S2
Racomitrium canescens (hoary fringe moss) Nonvascular 17.4 T
Feessgjgixg:zg;jLﬁ]gir;)rs;:;allens i Koeleria macrantha(Roe mer & 's Herbaceous 163 i
Carex tumulicola (foothill sedge) Herbaceous 9.3 GUSUQ
Festuca rubra i Calamagrostis nutkaensis (red fescue/Pacific reedgrass) Coastal Headland Herbaceous 4.6 Gis1
Festuca rubra i (Camassia leichtlinii, Grindelia stricta var. stricta) Bald/bluff T Gis1
Carex inops (long-stolon sedge) Herbaceous 0.2 T
Camassia quamash (camas) Herbaceous 0.1 GNRS1S2
Plectritis congesta (seablush) Herbaceous 0 GNR S1Q
Holcus lanatus i Poa pratensis Provisional Ruderal 259.1 N/A
Agrostis (capillaris, stolonifera) Provisional Ruderal 148.2 N/A
Bromus (diandrus, hordeaceus, sterilis) Provisional Ruderal 105.1 N/A
San Juan Islands Ruderal Forbs and Graminoids Provisional Ruderal 34.6 N/A
Arrhenatherum elatius Provisional Ruderal 14.3 N/A
Bromus sitchensis T Elymus glaucus Provisional Ruderal 8.9 N/A
Festuca roemeri Alliance Provisional (Restoration) 1.3 N/A




History
Prairies of the Pacific Northwest are thought to have been maintaireativg Americansvho used
fire to dow succession by retarding establishment of young tbds allowing mature oaks and
conifers to persist (Agee 1984, Avery 2004, NPS 2005). Without fire seeds of conifers and shrubs
distributed by wind or animals from adjacent stands will germinatesamvive in open sites,
eventually leading to communitieg®minated by woody species (Peterson aeidiR2001). The use
of fire to maintain prairies and grasslands largely ended when Europeans and settlers arrived in the
mid-late 1800s, as indicated by tba@ncidentakestablishmentf an oak woodland at Young IHjust
after settlement (Thompson 1972, Agee 1987, Boyd 1999, Walsh 2008). The conversion of prairies
and remnant forests to agricultural uses during the Hudson Bay Company p868dL875
permarently altered many of the existing prairie sites extathe@time (Rolph and Agee 1993).
Shrubs and trees such as snowbe8yniphoricarpos alblsthe introduced onseed hawthorn
(Cratageus monogynaand Douglas firRseudostuga menziédiiave expaned into some
prairieggrassland areas following the cegsaf farming and burning

Ecological Function
Prairies historically supported diverse invertebrate and wildlife communities. Several butterfly
species, in particular the island marble butteflyghloe ausonides insulanyslepend on specific
prairie phants as egg and larval hosts (Altman 2011, Schultz et al. 2011). The island marble butterfly
was recently (1998) rediscovered on San Juan Island after being thought extinct, and now the
population aAmerican Camp may be one of the only viable populatiensgining(Schultz et al.
2011,Jordon et al. 20)2making the preservation of remaining prairies critical to preserving this
and other prairi@ependent butterfly species (Schulz et al. 2011)riBrand oak woodlands should
also support diverse bird konunities. Particularly characteristic prairie bird species include the
lazuli bunting Passerina amoenand the western bluebir&i@lia mexicanaAltman and Stevens
2012.) Many bird species thakdtied strongly to praie habitats are in decline (Alam 2011;
Section4.9).

Forests

Forest types described for SAJH and the Pacific Northwest incluegraldh and sites dominated

by Pacific madroneArbutus menziegiias well as more open woodlardisminated by deciduous
species other than oak (FranklimdaDyrness 1973). Forests are the primary vegetation type across
western Washington, with various communities dominated by Dofiglagestern hemlock, grand

fir, western red cedai fiuja plicatg, bigleaf maple Acer macrophyllumand red alderAlnus

rubra). On drier sites, shore pinBifius contortavar. contortg and Pacific madroné\(butus

menzies), are important constituents. Within SAJH, forest stands include western heifdoga (
heteroplylla), grand fir Abies grandiy andDouglasfir (Pseudotsuga menzigsiinterspersed with
smaller ruderal and wetland sites.

History
Prior to human disturbance, much of the park was likely a combination of fir, hemlock, cedar, alder,
and oak (Agee 1987) Chappel | 6 s ( 2 (POgétdowknnmddemimaint urslisturbede y s o f
forests, along with J. Hendersonés fire history
al. 1989), suggest that relative cover of-gldwth on the preontactiandscapgrobably fluctuated
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over time in respse to rare but periodic largeale fires. Fires also removed many of the snags and
downed wood that provided important wildlife habitat. Similar to the rest of Washington, logging

activities prior to 1925 were intemsicross the San Juan Islands, bubges lesso than on the

mainland given the relatively open landscape maintained by native burning (Avery 2004). Estimates
are that the proport i on-growth ptiohtetherintdrgduction @bgging and s c a
likely averaged more than 30%ith mature trees reaching ages of up toi800 years.

Cumulatively the San Juan Islands include approximately 70©@8g828 haof forestland, 60,000

ac 4,281 haof which are in private ownership and opetogging. Harvest yields have been
decining as a result of practices that remove the largest tiieksi{ggrha d), fan example timber
yields in the 1990s were only ofi@ird those in the 1950s. A survey in 2007 of the San Juan County
shoreline reportedneaverage 25 percent loss of marirgarian forest cover between 1977 and 2006
(MacLennan and Johannessen 2008). At present there are approximately 1,433 fo(&8@tiac
within the park units{able4.7-2).

Table 4.7-2. Area in total acres of mapped forested alliances at SAJH. Modified from Rocchio et al. 2012.

Total
USNVC Alliance Growth Form Acres
(Acer macrophyllum i Alnus rubra) Riparian Forest 66.0
(Alnus 1 Fraxinus i Populus) / Lysichiton americanus \II/)VeOcoizllJaonu; Swamp 3.4
(nggg heterophylla'l' Picea sitchensis i Thuja plicata i Abies) / ; 30
Lysichiton americanus
Acer macrophyllum i (Pseudotsuga menziesii) Forest 4.4
Alnus rubra / Nonnative Grasses Provisional Ruderal Flooded Forest 13.3
Alnus rubra i (Picea sitchensis i Tsuga heterophylla) Forest and Woodland 1.0
Alnus rubra i Pseudotsuga menziesii Provisional Ruderal 79.1

Provisional Ruderal
Alnus rubra / Carex obnupta Flooded Forest 0.8

Prunus emarginata Provisional Ruderal 04
9 Flooded Forest ’

Pseudotsuga menziesii i (Arbutus menziesii) Forest and Woodland 784.2

Pseudotsuga menziesii i Pinus contorta Provisional Ruderal 16.7

. Nonnative Grasses
Pseudotsuga menziesii / . 36.2
Provisional Ruderal

Thuja plicata i (Abies grandis) Maritime Forest 333.6

Tsuga heterophylla i Pseudotsuga menziesii / (Holodiscus discolor) | Forest 91.3

TOTAL 1,433.4
Madrone

One particular forest community of note is Peeudotsuga menziesiArbutus
menziesii/Holodiscus discoléorest where Pacific madronA.(menziesjiis a cedominant.
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Madrone is oa of the few native evergreen broadleaf trees in the region, and is an important
structural component that provides resources such as nesting cavities for birds and fruit for
frugivorous birds (Raphael 1987, Gurung et 809). Data and observations sugfghat longer fire
return intervals have allowed a fungal pathagémusicoccum arbudi to persist longer in forest
systemsThis fungushas a sexual stage that is present in other fungi in the Betyssphaerighat
remans latent in healthy twigs and &nches until the tree becomes stresB#ltb{t and Elmonds
2008. Fungal infections can damage and kill trees, and vihibrbuti has been present in
Washington since at least 1968 and is likely native to the region, recent infestations have had
unsustanable impacts, suggesting altered conditions (Elliott et al. 2002, Farr et al. 2005).

Coastal Strand

Marine riparian systems of tluget Basin are important habitat resources supporting a high

diversity of coastal species, and the SAJH dunes represeat @ss than five remaining native

dune communities in the Puget Lowland (Brennan 2007, WDFW 2015). Severagdaniations

tha occur in dune habitats are considered imperiled (Rocchio et al. 2012). For example, salt marshes
associated with coastalgaons host several species such as sharpfruited peppetgpissum

oxycarpum Nut t al lso&tes ngptalll, &ant evecpygmy\Weed Crassula connatglisted

by the Washington Natural Heritage Program as sensitive. A noteworthy vegetatioblageem

found along the SAJH shoreline is dominated by picklew8atiqornia virginicg, saltgrass

(Distichlis spicatg, arrowgrasgTriglochin maritimg and jaumeaJaumea carnosa

The SAJH dunes are noteworthy for still being active, meaning that serspdrt processes are still
somewhat intact, and are likely one of the last remaining active dune systems in the Puget Lowland.
Therelative abundance and in some cases dominance of the native coastal sand Abrbaraa (

latifolia) in the dunes and strdiis indicative of a substantial degree of substrate instability and sand
movement, which are critical ecosystem features for teygstems which are easily lost via

succession in the presence of stable sand. Geomorphic changes related to futurersssadeyel

concern for the strand and spit communities.

Fire

Fire plays a critical role in structuring vegetation communitiese@Pcific Northwest (Spurbeck

and Keenum 2003, Gray and Daniels 2006, Storm and Shebitz 2006, Sprenger and Dunwiddie 2011).
Fire regime parameters commonly described include periods between fires (fire return-Fdyyal
severity, extent, and seasongalit

Prairies/Oak Woodlands
Fires were deliberately set by native people on SJI to create conditions favoring the growtiesf spe
that could be used for food or medicine. For example, caBwsdssia quamasindC. leichtlinii),
strawberriesKragaria spetes), bracken Rteridium aquilinuny, yampah Rerideridia gairdner) and
chocolate lily Fritillaria affinis) are examples afpecies that thrive in recently burreder areas
and that were harvested extensively (Avery 2004). It is not known how longgittecprof burning
prairies was maintained, and few clues are available for reconstructing historical fire regimes at
either American or English Camp. What evidence exists suggests that in the oak savanna/woodlands
of Young Hill, fire-return intervals wereelatively frequent, on the order of 10 years (Sprenger and
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Dunwiddie 2011). On the exposed, sotdhing slopes of AmericeCamp, grasslands may have
persisted historically with fires less frequent than & yars suggested for other Puget Sound
graslands (Hamman et al. 2011).

The historic fire regime in oak woodlands is easier to reconstruct. On Vancouver Island FRI was
estimated at between 26l years (Pellat et al. 2015), while at a site on Waldron Island that has been
intensively studied, Sprengand Dunwiddie (2011) documented a-pegtlement mean fire return
interval of 7.4 years (rangé 21 years). The rapid esta@thment of Dougladir in recent decades at

both sites in the absence of fire strongly suggests that historic fires were aramhfator in

keeping coniferous tree invasion in check (Agee 1984).

Forests
Natural fire return intervals for stanndplacere nt f i res i n the regionos
probably relatively long, at least 200 years and perhaps longer (Agée ARBBough there is strong
evidence of underburning in elgrowth forest fragments in the Puget Lowland (McDadi and Hebda
2008, it is difficult to determine what the historical FRI at SAJH sites might have been, though it
was likely in the range ofi30 years (Agee 1996). A widespread, staeglacement fire occurred
somewhere betweelv15 1725(Agee 1984). Another stafréplacenent fire may have occurred
aroundl775 in the northeast portion of English Camp.

Threats to Vegetation Communities

Invasive Plants
The introduction of n-native plant and animal species that accompanied the arrival of Europeans
and the establishment arrching has had profound impacts on vegetation diversity and community
structure in SAJH (Avery 2004, Rochefort et al. 20T2)e greatest impacts have occurred in prairie
vegetation types where introduced herbs and grasses compete strongly with neit@seasmeron
native grasses and herbs are now dominant in many @&eealsefort and Bivin 2010, Rocchio et al.
2012).Species of most concern are discussed in many sources including Stanley et al. (2011) and
Dennehy et al. (2011). Nemative species aresgerally less competitive in forested than in-non
forested areas, but are of concern in all communities including swaheoastal strand/spit
communities (Rochefort and Bivin 2010, Rocchio et al. 2012). A particular threat to dune
communities is EuropeasearocketCakile maritimg, which is common on South Beach and other
strand habitats where it dominates sparsely vegpgereas (Wiedemann 1984). European beachgrass
(Ammophila arenaripis a highly invasive species in dune habitats but is fortunatelgrdly absent
from the park.

Herbivory
Populations of Columbia blaetailed deer @Qdocoileus hemionus columbiafh@ndEuropean rabbit
(Oryctolagus cuniculysSectior4.9) are high enough in some years to exert measureable negative
impacts on native plamopulations (Stevens 1975, Rochefort and Bivin 2010). Deer preferentially
browse on deciduous shrubs and young trefésn(@lanted in restoration programs; Clements et al.
2011), impacting not only the understory composition of native forests but alsessional
trajectories (Milestone 1986, Agee 1987, Rolph and Agee 1993, Martin et al. 2011). Increased
grazing and broging has locally reduced the cover of low vegetation and perhaps the diversity of
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native forbs (Basseffouchell 2008, Martin et al. 2Q). Such damage to shrubs and ground cover
occurs in places where deer densities are greater than 0.04/acre (ThiealaB80&, Martin et al.
2011). Rabbits not only graze vegetation but their extensive underground warrens disturb the soil,
facilitating the establishment of nemative species (Rochefort and Bivin 2010).

Direct Human Impacts
One statdisted imperiled community typeéd Camassia quamaghTriteleia hyacinthinaHerbaceous
Baldd has been impacted by trampling by humans on top of Young Hill.uRisual plant
association occurs in vernal (seasonally flooded) seeps that occur on rocky balds, making it highly
vulnerable to direct trampling or alteration of runoff patterns by visitors (Rocchio et al. 2012).

Disease
In addition to the fungus mentiothereviouslyfor madrone, another namative fungus,
Phytophthora ramoruncauses sudden oak death. This species v&sdoorded in Washington in
2003 and can also affect other species including Oregon white oak, Déyglasl bigleaf maple.
Spores bthis species spread easily in the atmosphere and on physical carriers, and sporangia are
produced on several ndrostwoody species, particularly California bay lautgir{bellularia
californica; Rizzoet al.2009. As far as is known this fungus has get affected trees in SAJH
(http:/www.fs.usda.gov/ccrc/topics/regiorakamplepacific-northwesy.

Climate Change
Predictions are that climate change will result in alteonditions of reduced summer and increased
winter rainfall in the PNW (Section 4.2). In this scenario increased sumraught accompanied by
greater incidence of disease may actually favor the persistence of prairies over forest types (Bachelet
et al.2011). Geomorphic changes related to future sea level rise are a concern for the strand and spit
communities (Section.8).

4.7.3. Reference Conditions
Prairies

Composition and Structure
As far as is known there are no studies that have reconstructegntiver and composition of
species that existed in prairies or oak woodlgras to EureAmerican contacin SAJH or
elsewhere in the region. Some investigators (Dunwiddie 2002, Dunwiddie et al. 2014) have
suggested that the combination of frequent bgyaind the use of digging sticks (with churning and
turning of the soil) by Native Americans on the Puget Lowland psainay have favored a
significantly greater abundance of annual and perennial forbs, and a concomitant lower abundance of
perennial granmoids than is seen in presatay goodcondition prairies and remnants. However,
with no intact reference communitiesid difficult to identify specific reference conditions for native
species diversity in prairies.

Speculation exists that there coulave been areas of oak savanna on more level, mesic portions of
the American Camp prairie prior to EuroAmerican settleéraed that the oaks were removed
entirely by early settlers (Agee 1987). The extent of oak woodland was likely greater than at present
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as evidenced by large oaks in what is otherwise mostly young Defigfasest (Chappell, pers. obs.

2014.

Though itis not possible to ascertain a reliable list of historical species and relative abundance,

research cited herein and expert observatiggest that the current desired (reference) condition for

PNW prairies should include the following:

1 Native species aominant and occupy >75% of relative caver

1 Woody shrub cover is approximately 10% or less (Altman and Stevens 2012)

1 Relative cover of an-native species is declining, indicating recovery of native plant

populations

1 Few if any aggressive invasive spexage present

1 Areas that include oak woodlands have approximately 25% tree canopy cover with up to five

large and/or ten young trees/a¢Adtman and Stevens 2012)

i Prairie-dependent butterfly, bird, and pollinator spe@espresent and populations skalif
not increasing (Neame et al. Z)1

1 Atleast 200 ac/81 ha of prairie at American Campramtained even thoughistoric
records gggest there may have been nearly 60R48ha(Agee 1984, Rolph and Agee

1993)

For prairies, more specific critengould include combinations of three types of measures: 1) areal
extent and configuration, 2) native floristic diversity and/or integeity,, FQIi floristic quality

index and mean C, the coefficient of conservatism, for each plant sfRoehio andCrawford
2013), and 3) relative cover of native versus-native species. The Prairie Vegetation Monitoring
Protocol for the park (Rochett et al. 2012) identifieB Ec ol ogi c al
of measures that are similar to those dbsdrabove. However, they are rated using somewhat
different criteria, or have not yet been assigned quantitative v&aethis assessent, pecific
values for these measures based on limited data from the park, other prairies in the ecoregion
(Dunwiddie et al. 2013), and personal experieaeproposellable4.7-3).

Table 4.7-3. Specific values for reference conditions measures for prairies at SAJH.

| far threegtypest y

Value of Reference Conditions Measures

Areal extent and mean Coefficient # native Relative cover of
Condition configuration of Conservation species native species
Good > 200 acres >3.9 >50 > 75%
Moderate Concern 6071 200 acres 3.713.9 25150 > 15%
Significant Concern < 60 acres <3.7 <25 <15%
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Oak Woodlands

Composition andtructure
Historical accounts provide more information for oak woodland structure than for prairie
composition. It appears that the Young Hill oak woodland was moretbpea at present with less
woody vegetation in the understory (Agee 1987). Thespttement woodland/savanna likely had
few to no conifers in the understory/subcanopy layers due to relatively frequent fires (Gedalof et al.
2006, Sprenger and Dunwiddi®T1). Measurable reference conditions for oak woodlands would
include the following:

1 Gererally sparse canopy densities (e.g., savdikei

Less than 15% shrub cover

=

Fewer oak trees than at present but with some regeneration (Gould et al. 2011)

=

Approximately 175/ha DouglaBr individuals (Dunwiddie et al. 2011)

=

Self-sustaining bird populations that require relatively open canopies with snags and trees
large enough to provide cavity habitat (Altman and Stevens 2012)

1 Invasive nomative species shouleelabsent (Dennehy et al. 2011)

Forests

Forest Age an€Composition
Stand age classes can be used as a surrogate for stand structuratifeatgindifferences in site
productivity can strongly impact the rate at which lateccessional features are ceshin a stand.
Still, even relatively unproductive s#tavill develop greater structural features with agerests in
good condition will have age classamilarto the presumed prEuroAmerican settlement
distributionas presented in Table 447 The mae different forest structure and composition is from
historic measures the less it can be considered to be in good condition.

Significant ConcerrDistribution of age class and dominance type is very different (<20% similarity)
than the presumed pEuroAmerican settlement distribution.

Table 4.7-4. Common combinations of vegetation dominance type and stand age expected to occur in
SAJH forests (various sources). X = stand age expected to occur.

Vegetation Very Young Young Mature Old-growth
Pseudotsuga menziesii (Douglas fir) X X X T
Pseudotsuga menziesii i Abies grandis (Douglas i X X i
fir i grand fir)
Pseudotsuga menziesii i Arbutus menziesii

o g | X X I
(Douglas fir i Pacific madrone)
Pseudotsuga menziesii i Pinus contorta X X i i
(Douglas fir i lodgepole pine)
Abies grandis (grand fir) T X T T
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Table 4.7-4 (continued). Common combinations of vegetation dominance type and stand age expected
to occur in SAJH forests (various sources). X = stand age expected to occur.

Vegetation Very Young Young Mature Old-growth
Abies grandis i Thuja plicata . . .

_— I X I I
(grand fir i western red cedar)
Alnus rubra (red alder) X X T T
Alnus rubra i Pseudotsuga menziesii (red alder i X X i i

Douglas fir)

Rocchio et al. (2012) and Agee (1987) provide further detail on stangositional types. Douglas

fir, grand fir, westermnemlock, western redcedar, lodgepole pine, red alder, and Pacific madrone will
appear relatively frequently as canopy dominants ataminants (defined as thé 3 most abundant
species in the main angper canopy layers, wherein dominantodominant pecies occupy at

least 25% of the total canopy coveBased on published information and expert observations
suggested forest referenoenditionsfor SAJH include:

1 All existing areas of old growth shiduremain

9 Distribution of all forest age classes ganto conditions prior to prEuroAmerican
settlement

1 A minimum of two tree canopy layers for western hemlock old growth

1 A minimum of eight to ten standing live Douglas fir trees at leas324v7611 94 cmdbh and
>200 years old per acre (varying btestlass).

9 Standing decadent trees (dead or with broken tops) at sizes d62@cmdbh or greater
present in densities of approximately 4 snags/acre

1 Atleast one snag at leasfi13 in/33i 43 cmdbh/acre and at least four logs at least 241n
cmdbh

Coastal Strand

For strand and dune communities, criteria for evaluating condition would include extent, species
diversity, relative abundance of native versus-native species, and dune dynamgand tansport,
etc.). Very little information exists to suggest what the historical extent and spegipssitionof

the coastal strand, spit, and dune communities within thespadd be Consequently, reference
conditions for these sites focus on thwerdl absence oinvasiveand nonnative species (Brennan
2007, Rocchio et al. 2012).

4.7.4. Data and Methods

Much of the information on current vegetation conditions comes from the recent vegetation mapping
effort conducted by Rocchiet al. (2012 who mappd the park’s forests using Alliances from the
National Vegetation Classification. Prior to that effort, Rochefort and Bivin (2010) compiled a
vascular plant species inventory for the park. As part of this assessment an analysofihe-
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resolution dad for the entire park produced a comprehensive profile of the vegetation canopy
heights, and those data (in GIS/shapefile forrasgavailablefrom the authors

Prairies/Oak Woodlands

Extensive research has been conducted on #iegsrand oak woodlands the PNW, investigating

both historic conditions and restoration targets and methods. Many of those efforts are cited herein,
in particular Sinclair et al. (2006), Stanley et al. (2008), Dunwiddie and Bakker (2011), and
Trowbridge et al. (2017). Data@mlso available from the North Pacific/ Columbia Basin (NPCB)

Fire Ecology program (e.g. Kopper and Drake 2016), though the data were unavailable for this
assessment.

Forests

Reference conditions for forests are based primariithenwork of Agee (1984,987), who

reviewed available historical records and photographs, soil surveys, and research from regionally
comparable sites to construct a description of historical landscape cover. Reference conditions are
also informed by extenge field surveys of exsting and relatively undisturbed forest stands
throughout the Puget Lowland completed by the Washington Natural Heritage Program (Chappell
2006b). Early photographs suggest that much of the Dofiglas site was much older (soméib
evidently >200 yea) than at present, however, the photographic record covers only a small portion
of current park lands.

Coastal Strand
Aside from the Rocchio et al. (2012) mapping effort, very little is known regarding the current
condition of coatal strand vegetation ithe park.

4.7.5. Resource Conditions and Trends

The overall vegetation resource of SAJH is described extensively in Rocchio et al. (2012), who
reported that the most common vegetation type across the two park sites is the donexstcdland
alliance dommated by Douglas fir and madrone (784 acres/317 ha). Shrub communities are
dominated by snowberry, and several species ofnadive grasses dominate herbaceous sites
(Rocchio et al. 2012). Vegetation communitespped at America@amp and English Campear
taken from Rocchio et al. (2012) and presented in Figuie$ and4.7-2, respectively.
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Figure 4.7-1. Vegetation map of American Camp from Rocchio et al. 2012,
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Figure 4.7-2. Vegetation map of English Camp and Mitchell Hill from Rocchio et al. 2012.

Prairies/Oak Woodlands

Extent
Only small remnants of native prairie now exist at American and English camps (Rochefort and
Bivin 2010, Rocchio et al. 2012). The total acreagelafrgderiled prairie/oak woodland
associations at the park is currently 3@03.2.3 ha with the majority being fragments of the dry
prairie community known aSestuca roemeii Camassia quamashCerastium arvenskelerbaceous
Vegetation. This community onsidered a historical occurrence (functionally extirpated) in
Washington bcause all known occurrences are considered too small to be viable. Native herbaceous
and nonvascular prairie alliances comprise 8.2% of the areal extent of-pssingated veggtion
mapped by Rocchio et al. (2012). An additional 2.9% is oak woodVeittd § mostly nomative
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understory) and 9.6% is native shrubland that occupies mostly what was formerly prairie. The
remaining approximately 80% is ruderal, Atetive vegetationyith additional portions dominated
by native mosses (Rocchio et 2012; kgure4.7-3).

“\_ Roads
Trails
Native prairie polygons

{'_'_-:: Park boundary

Griffin Bay

'y “.. - - e 8 N
Haro Strait i)

2,000 Meters

Figure 4.7-3. Prairie areas still dominated by native plants as delineated by field surveys at American
Camp. From Rochefort and Bivin 2010. Note: the largest of these colored polygons in the central portion
of the map is primarily occupied by dunes, which herein are considered separately from prairies as part of
other less common plant communities.

While the conversion of some grassland areas back to forests at American Camp may appear to be of
concern, these changes are occurring primarilpistorically forested aas with forest soils. In the

absence of significant, aggressive restoration actions, the current trend in the areal extent of actual
native prairie is likely to be a gradual loss. The extent of gtassnated vegetation that i

structurally akin to the ayinal prairie has likely not declined substantially from-gt&oAmerican
settlement times at American Camp.

It does not appear that largeale conversion of oak woodland has occurred within the park. At

Young Hill, soil sureys and the presence of seatt] old oak trees in some forested areas indicate

that there has been a small reduction in areal extent of the oak woodland/savanna in that area. Areal
extent appears to be relatively stable based on the work of McCoy and(Ral9).
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Composition/Specidliversity
The proportion of native species in prairie communities continues to decline as invasive grasses and
forbs become increasingly dominant in the herbaceous layer. Orchardgpasdi$ glomerataand
tall oatgrassArrhenatherum elatiysare commn in the oak woodland on Young Hill (Rocchio et al.
2012). The latter is of special note due to its weltumented capacity to rapidly overwhelm and
dominate the native prairies of the Northwest (Dennehy et al. 2011). Thatynaf the American
Camp pairieis classifiedasruderal, meaning that early successional alliances are dominated
primarily by nonnative grasses. At English Camp, the areal extent of prairie was relatively stable
during the period 1992007 (McCoy anddalby 2009, Rochefort et €2012). The analysis by
McCoy and Dalby, however, included open oak woodland as part of prairie, as well as degraded non
native grasslands that were mostly not grassland in tREyn@American settlement era.

Woody cover is alsincreasing as shrubs anddsi particularly Douglas fii expand into

grasslands. Patches of former prairie, especially near forest margins and on more mesic sites in the
northern section of American Camp, are currently dominated by native shruby, coognon

snowberry ymphortarpos albusand Nootka roseRosa nutkangthat have likely increased in
abundance with fire suppression. Recruitment of alders and conifers into prairie sites has increased
since the 1980s when there was a decline in rablbihdance that reduced hexdry (McCoy and

Dalby 2009, Rocchio et al. 2012).

From 1997 2007approximately 75 d80 hahave seen an increase in woody species cover (McCoy

and Dalby 2009), however, the American Camp prairie is still largely an open gdag3édn

woodland stand structure has mostly been improved following mechanical treatments and prescribed
fires that hae reduced conifer (mostly Douglas fir) abundance. The vast majority of the prairie soils
(assumed to be the psettlement prairie/oak wadand extent) at American Camp remain in

herbaceous dominance and have not converted to conifer forest.

Ecology/Fire
Fire is again being applied as a management tool to protect and restore prairies and grasslands,
specifically to reduce nenative grasseand limit woody species recruitment (Dunwiddie and Baker
2011, Rochefort et al. 2012, Kopper and Drake 2016). Imia@litoring data associated with these
management treatments show a large-prestment decrease in Douglaisdensity (mean 107
trees/adown to 10.Fac), with a virtual elimination of poksize and sapling trees, and no apparent
change in shrub cover,itlv a mean of 3040% and much variability (K. Kopper, pers. con#il14).

Forests

There are at present no true-glicbwth stands in thpaik (Figures 47.4 and 47.5). Mostof the

existing forest stands are young, though many are verging on mature oustaee¢ntly become
mature (Agee 1984, 1987). On the north slopes of Mount Finlayson at American Camp there is a
stand of mature conifeofest that includes individual trees that are approximatelyI&Dyears

old. This stand is the result of regenenatiollowing a late 19tkcentury timber harvest. In the 1950s,
portions of the forest in this area were logged and-prglded (the largestees were removed), but
small patches of old trees remain (Ad&87). Mature stands are now quite rare in the Puget
Lowland making this forest stand of particular value.
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Figure 4.7-4. Location of native upland forest alliances at English Camp and Mitchell Hill. From Rocchio
et al. 2012.
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Figure 4.7-5. Location of native upland forest alliances at American Camp. From Rocchio et al. 2012.

Despite the absence of edglowth, natural succession is allowing mature conifer trees that are
protected from loggig and fire to become dominant, and the forest capbpmerican Camp has

been increasing asresult of fire suppression and natural succession. It should be noted, however,
that these are observational assessments only as there are no data availgbkd tree ages in this
stand. A tree canopy hightran 100 ft occupies only 13.6% of English Camp. The distribution of
age classes appears to be atypical for lowland environments similar to those in the park, and from
what can be inferred from historicccounts. The current distribution of forest algsses in the

English Camp unit is strongly weighted toward thg o u(B0g160 ff15 31 m) age class.

Locations of the tallest tree stands in the English Camp and American Camp units can be seen in the
maps generated from the LIDAR data (Figu4es6 and4.7-7). Very little is known regarding bird

or mammal diversity in forest habitat at SAJH.

Coastal Strand

In general, coastal strand vegetation types in the park are in fair to good condition. Masesites
dominated by native species thougdn-natives can be edominant. The spits containing the
lagoons on the north side of American Camp are undeveloped and in relatively good condition,
particularly Third Lagoon.
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Figure 4.7-7. Canopy heights in American Camp from LiDAR image analysis (this study).
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4.7.6. Level of Confidence

Confidence in the exact magnitude of historical changes in forest agepsitiorn and particularly
structureis low given the absence of dataetealuate recent trends within the patkanfidence in

prairie and oak woodland condition is high given published information and professional experience.

Given the availability of dataongoing vegetation restoration efforasd level of expertise of the
authors, the confidence in this assessment is high.

4.7.7. Data Gaps and Research Recommendations

Prairies

Park planning documents highlight prairie restoration as a priority nagés@ince management goal
(NPS2008). While great efforts have been made to date to restore prairie and oak woodland
ecosystems and some success has been achieved, additional research and management efforts would
provide important information on prairie eogly to aid in successful resation(Pellatt et al. 2015)

Several suggestions for future work and investigation are provided below.

1 Information is needed on minimal functional size for prairie sites, ecological relationships
between rare species and phabitats, the relative fettiveness of mechanical treatments,
active restoration, and prescribed fire, and the potential effects of climate change (Holling
1978, Walters and Holling 1990, Rolph and Agee 1993. Floberg et al. 2004, Dunwiddie et al.
2006 Allen and Gunderson 2011aBhelet et al. 2011, Delvin 2013).

1 Additional research is needed on ways to overcome the enormous restoration challenge
presented by the high proportion of Aoative seed in prairie seed banks (Rochefort and
Bivin 2010), espeally in relation to the apptation of prescribed fire as a restoration tool
(Sinclair et al. 2006, Stanley et al. 2008, Stanley et al. 2011).

1 Surveys of invertebrates, particularly obligate butterflies and pollinatmrseeded.

1 The overall costs/berief of outplantingi p | ¥versud seeding should be further
investigated.

1 The NPS Fire Management Plan should be updatknving the completion of a parkwide
Vegetation Management Plan (S. Dolan pers. cog@h9.

1 Bryophytes and lichens are importanhtributors to overall biodersity and ecosystem
functions and should be comprehensively inventoried on park sites. Additionally, the effects
of recreation, controlled burns, and other park management activities on these taxa should be
investigated.

1 Noxious weeds should be the objettareful, regular searches in likely habitat.
1 Additional efforts should be made to inventory and monitor praiaie bird populations

1 Monitoring of restoration efforts is critical for success and should be continued
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T

Measues that limit weeds, woody getation, and damage from herbivores (primarily deer
and exotic rabbits) will speed the recovery of soils and native flora and fauna.

Forests

T

Data are lacking on forest demographics and stand age structures throughout the park,
including locations of anyemnant stands of mature trees. The LiDAR data and the maps and
descriptions in Rocchio et al. (2012) would be logical starting points for attempting to fill
these gaps. In the process, consideration might also be given tyimgthie Forest Service
old-growth definitions so they better fit the environment of the San Juan Islands.

1 For the park's forests, animal and plant diversity will benefit the most from management that
encourages a diversity of age classes.
CoastalStrand
1 Additional data are needed dabing the condition and areal extent of strand, spit, and dune

plant communities in the park, and in particular the effects of rabbits on these communities.

Efforts to monitor for the potential introduction of European besdsg(Ammophila
arenaria) shald beinitiatedand plans be in place to eradicate it if/when it should arrive.

General studies of marine riparian vegetation communities of the San Juan Islands are
lacking (Brennan 2007)

Current Fire Management

T

Although natirally-occurring fires were qpbably infrequent, decades of wildland fire
suppression have affected the types of vegetation and thus the types of habitat available to
wildlife. Reduced fire frequency can result in less shrub cover (as trees grow taldosand

out light and fewer fie-killed snags, which are necessary for many bats, woodpeckers, and
other wildlife (Cahall and Hayes 2009). Fire suppression also facilitates the invasion of
naturally-occurring oak woodlands by conifers, with subsequent ehtoward wildlife

species thiaare more common throughout the Pacific Northwest than thasprefer oak
woodlands.

An active fire management program is in place at SAJH (NPS 2005). In addition to other
goals, fire is used to help restore prairies bydasing relative cover of na¢ grasses and
herbaceous species while decreasing abundance ofatime species (NPS 2005). Fire
treatments have generally been successful in meeting those goals, howevertjren
herbaceous species, particularly anrgrakses, have increased anhscsites following burns
(Lambert 2006, NPS 2008, K. Kopper, unpubl. data, pers. c@did). Additional research

is needed to understand when the ecological effects of fire will be more negative than
positive and adjust managent practices accordingly @mman et al. 2011).
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Genetic Concerns and Restoration

1 Geneticconsiderationgre important when restoring plant communities as well as individual
rare plant species. Whenever possible, using locally and regiateliyed nativeseed is
good practice to ense that local genotypes are not swamped by genes from other regions,
which might not be weladapted to local conditions. However, there is considerable debate
within the restoration community regarding what is an acceptéaiknde to define
appropriatesource areas. This debate has intensified as considerations of assisted migration
and enhancing resilience to climate change has caused some to argue for considerably larger
potential source areas.

1 The authordave seen no edence of uniquehadapted igind genotypes, and consider native
seed sources within the North Puget Sound region to be acceptable for restoration efforts. In
some cases, particularly where sources within this region are unavailable, it may be entirely
appopriate to use more distardwsces, including from South Sound and even the Willamette
Valley. It may be especially important to include genetic material frordowai (e.g.,
outside the park or San Juan Island) when the local source populationsemregxtmall,
and may have vgiimited genetic diversity.

1 Potential hybridization with closely related taxa is another genetic consideration with some
species. The very rare Castilleja levisecta is known to hybridize with Castilleja hispida, and
efforts stould be made to avoid introdung both taxa in close proximity to one another in
restoration plantings. Hybridization is also a concern with the locally rare Ranunculus
californicus, as it is known to cross with the much more common Ranunculus occidentalis
Again, avoiding planting #two species in close proximity is advised to avoid possible
genetic contamination and creation of hybrids. To avoid perpetuating or creating hybrids in
restoration plantings, care should be taken to collect seed only fromrknoi pur e 0 par en
stock, andavoid planting the two species in close proximity.

4.7.8. Sources of Expertise
91 Chris Chappell, Washington DNR, Natural Heritage ProgaachMichael Ewald, Institute
for Applied Ecology, Corvallis, OR
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4.8. Birds
By Paul Adamus and Catherin Schwemm

4.8.1. Condition Summary

Bird diversity is high, supported by multiple habitat types in a relatively smal] Hreugh several

bird species have been extirpated and others are at risk due primariy to habitat loss aatiategra
Seabirds face numerous threats, many originatinglaihd. Overall bird diversity appears stable
while the population trend for sonspecies is declining. Confidence in this assessment is medium.

)

4.8.2. Background

The bird fauna of the San Juan Islands is diverse, owing teoimbination of marine and terrestrial
habitats and a relatively mild climate (Altman 2011, dgien et al. 2016), though several species
have been extirpated since historical surveys began (Miller et al. 1935). This section will focus
primarily on bird pecies of concern that are known residents in SAJH, but will also include species
that may traviefrom other locations within the archipelago. The assessment focuses primarily on
landbirds and shorebirds; seabirds are discussed in general terms only.

The ertified park bird list, published in 2004, includes 172 bird species (114 listed as Prd&aiht in

and the rest as Probably Present). However, the actual number may be 218 if records published since
the park list was certified in 2004 are included, whiciuld add records but also exclude 11 species
included in the NPS list as occurring in the plawk for whichno published records could be found.
(Additional records were obtained by searching eBing\{.ebird.org for locations within both of

the park's units and extracting those data. Species found by thedPSCascades Network

systematic surveys from 2006 through 2012 were also added as were species from a checklist for
Cattle Point.)A comprehensive list of ablird species recordddom SAJH is provided in Appendix

A.

Landbirds

Landbirds arelefined here as species that do not require masseciated resources or habitats. Of
most interest from a conservation perspective at SAJH are species dependenionglyr st
associated with prairie and oak woodland habitats (Altman 2011, Sectio®@#p@rticular concern

are species that require open grassland habitats with scattered trees and shrubs, and several that
require nesting cavities in oak or other tall &regiven the increasing scarcity of these critical habitat
resources across the regi(Altman and Syghens 2012)Among 49 bird species that associate
stronglywith prairieoak habitat in the Pacific Northwest, a significantly large number (21) have
experenced extirpations, range contractions, or regional declines; eight specieseronesign San
Juan County (Altman 2011).

A subspecies of horned lark, the streaked horned Eadafophila alpestris strigajas federally
designated as a Candidate SpedPearson et al. 2016). This species historically bred in the park but
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wasextiph ed by the 197006s (MaclLaren and Cummins 20C(

<2,000 individuals remaining (Altman 2011).

Peregrine falcond-@lco peregrinusand b#d eaglesldaliaeetus leucocephalpsvere both

previously listed as federally Threated and are designated Threatened by the Washington
Department of Fish and Wildlife (WDFW). Both species occur regularly in the park but only bald
eagles are known to ndstre. Both species have recovered considerably following the banning of
DDT in the1970s (Newman et al. 1977, Elliott et al. 2011) and each has been delisted. The San Juan
Islands support the highest nesting densities of these two species in the RatificelSt (at least

122 bald eagle nesting territories and 20 peregrine falcorotegsf WDFW 205).

Oregon Vesper sparrowBdqoecetes gramineus affingre a Federal Subspecies of Conservation

Concern and a Washington species of Greatest Conservaemi@andidate Species (Altman 2013,
WDFW 2015). Vesper sparrows were common resglentSJI up until about the 1990s, but

numbers in the grasslands on SJI and in SAJH are presently low; regional estimates suggest less than
3,000 total individuals remaingn(Altman 2011, WDFW 2(3).

Western BluebirdsSjalia mexicanawere reintroduced t8JIfrom British Columbia and
Washingtorbeginning in 2007 following the decline and ultimate extirpation of breeding populations
that began in the 1960s and 70s (Slater Altman 2011, 2013). Because nesting cavities are a
critical habitat element for @stern bluebirds, the introduction of nesting boxes into appropriate
habitat has resulted in increased breeding success in many areas (Slater and Altmam@013)
severaboxes have been installed in SAJH at both camps (J. Shrum pers. 20h8n

Shorebids

Shorebirdsff w a d)eare gemerally considered those species that require shallow saltwater sites for
feeding. i Wa t e r dften refbrs  species that utilize frestter sites, and while waterbird

species present in SAJH are presented in Taldlel they are not discussed specifically in this
assessment.) Shorebird species typically have long legs relative to body size to facilitate foraging,
and many shorebird spesialso have extremely long migrations that include freshwater or nearshore
feedinglocations that may be many hundreds if not thousands of miles apart (Skagen and Knopf
1993).

Three species that occupy important niches within Puget Sound food webstaré tifa
conservation concern due to declining populations and/or habitat threatsrbscotersMelanitta
perspicillatg), dunlin Calidris alpine and black oystercatchedddematopus bachmaribrut and
Buchanan 2000, Brown et al. 2001, Buchanan 2®légk oystercatchers are also identified by
WDFW as a species of conservation concerntdtige relatively high numbers of nesting pairs on
SJI (in some years over 200; Golumbia et al. 208834 blue heronsArdea herodiasare common
around the islash particularly in False Bay

Seabirds
A large variety of bird species depend on Salish Sea food webs and are commonly observed around
SJI (Gaydos and Pearson 2031C 2012). Regionally, many winiieg seabird species have been in
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decline apparently foreveral decades (Vilchis et al. 2014). Only one seabird species that is regularly
present in the park is federally list&the marbled murrelgBrachyramphus marmoratus a small
seabird that nestin old growth forests (critical habitat that is not fdun the park) but forages
regularly in marine waters adjoining both park units (FWS 1997). The waters of the San Juan
Archipelago support a relatively high concentration of marbled murrelets rg@dgeoups (up to 100
individuals) occur in Griffin Bay gdining American Camp. Marbled murrelets continue to exhibit
small but consistent declining trends in Washington state waters (Pearson et al. 2014, Falxa and
Raphael 2016)The brown pelicanRelecanus occidentaliswas listed as endangered in the 1970s
due to the significant negative effects of DDT on productivity, but walsstkl in 2009 FWS

2009). Brown pelicans occur only sporadically in the San Juan Islands and are rarely observed in
waters djacent to the park.

Priority Species and Habitats

Speciesn the park that WDFW considers to be conservation candidates, are nAggaeimdix A

The WDFW also has priority designations for habitats or groups of species that are at risk or rare. For
SAJHthose concentrations of species, including maximum numeeosded, are:

1 Alcids (small seabirds): ancient murrelets (~200), marbled murrelets (~100), rhinoceros
auklets (~100), and pigeon guillemots (~40)

1 Loons and grebes: Pacific loon (~250), hornethg(e-80), reehecked grebe (~60), and
western grebe (~15)

1 Waterfowl: surf scoter (~700), bufflehead (~353),-bedasted merganser (~100), white
winged scoter (~60), and harlequin duck (~25)

9 Shorebirds: dunlin (~100) and black turnstone (~20)
1 A historic (1992) record of mesting colony of great blue hercatEnglish Camp

Threatsi Landbirds

Humaninitiated fires historically maintained habitat for praiassociated species by limiting woody
species expansion into grassland (Section Eifg.suppression during the last century has removed
this barrier, tha degrading the habitat upon which many grassésstciated bird species depend on
(Cahall and Hayes 2009, Altman 2011). The loss of shrubs and small trees on the SJIs to deer
browsinghas been correlated with lower landbird diversity where deer dersi@idsgh (Martin et

al. 2011, Arcese et al. 2014). West Nile virus (WNV) was introduced to North America relatively
recently but has spread quickly with significant impacts on manyifgilgopulations including
landbirds (George et al. 2015). Studieseénfound increased incidence of WNV with altered climate
conditions and predict future scenarios with greater incidences of WNV in both wildlife and humans
(Harrigan ¢al. 2014, Hahn &tl. 2015). As of 2017 WNV had been detected in mosquitos in
WashingtorState but not in birds or humans and not at all on the SJI
(https://www.doh.va.gov/DataandStatisticalReports/DiseasesandChronicConditions/WestNge Vi
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Although native to North America, browmeaded cowbirddMolothrus atej parasitize the nests of
many other bird species with often significant population impacts. Survey datatéenthat brown
headed cowbirds are increasing within SAJH for unkmosasons (Siegel et al. ZQWilkerson et

al. 2010, Holmgren et al. 281Vilchis et al. 2014. A nonnative bird whose North American range

is expanding rapidly is the Eurasian calddove $treptopelia decaoctavhich arrived in the

Pacific Northwessometime during the 2000s (Fujis&kt al. 2010). Numbers of collared doves have
increased on SJI and in the park since about 2010. Impacts on the native mourning dove or other
speciesare undetermined. Other birds not native to the Pacific Northwesidbat regularly in parts

of the park with unknown impacts are identified in Tal#lel to A-4.

Threats’ Shorebirds and Seabirds

Numerous direct and indirect effects of human activiteas impact shorebirds (Carney and Sydeman
1999). Sea level rise assated with climate change could have the most significant impacts on
coastal species such as shorebirds (Glick et al. 2007, Galbraith et al. 2014). Lost or abandoned
fishing gear and o#r marine debris, including plastics, are a particular threat tordedkiood et al.
2009, Hamel et al. 2009, Vegter et al. 2014). For example, since 2002 over 870 unattached gillnets
have been removed from the Salish Sea; 505 (58%) of those were ramthee&an Juan Islands,
and 14% held dead seabirds (Good et al. R@@&pulation growth of predatory bird species such as
bald eagles and peregrine falcons following successful recovery programs has indirectly led to
stronger predation pressures at s@@abird nesting colonies (Parrish et al. 2001, Buchanan 2006,
Haywardet al. 2010, Hipfner et al. 2012).

More difficult to quantifythan direct impacts at coloniase populatioflevel impacts to seabirds that

occur atsea such as from oil spillsandlesak ( Wi ese and Robertson 2004,

2010) and fishing bgatch and impacts from anthropogenic light at night both on vessels and land
based (¥delis et al. 2013, Kriger et al. 2017, Rodriguez et al7R01

Climate Change

Considering the life istory and habitat needs of all bird species and geographic disirilfti

habitat, scientists at the National Audubon Society identified 189 Washington bird species that are
most vulnerable to climate change (TaBld). Shorebirds are especially vulnel@ato sea level rise
changes and other nearshore impacts relatelthtate change (Veloz et al. 2013, Galbraith et al.

2014). Changes in ocean conditions, particularly increases in sea surface temperatures and multiple
impacts to forage fish populatiomaay be having multiple and related impacts on seabird

productivity (Hayward et al. 2014, Vilchis et al. 2014, Grémillet et al. 2015, Alava et al. 2017).

4.8.3. Reference Conditions
The diversity of native breedirgrd species should be maintained, indiieg habitat integrity. There
should be persisting populations of rapecies and species of concern, though in almost no cases are

there sufficient data to determine historical population numbers of rare and/or endangered species on

SJI.Critical habitas should be maintained at present sizes, including in particulaiepfaak
woodlands and intertidal/coastal habitats and resources.
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4.8.4. Data and Methods

The NPS NCCN landbird monitoring program samples landbirds at SAJH every other year using
point count surveys as described in Siegel et al. (200iére are 38 samppwints at American

Camp and 16 at English Camp. Breedgggason surveys (mainly of songbirds) have been conducted
repeatedly at the same points in both park units in 2005, 2009, 2011, 2013, and 2015

(Holmgren et al. 2016). The monitoring protocoinended to survey mainly passerines and gulls
(Seigel et al. 2007).

Though difficult to translate directly from existing monitoring data (point count methods are intended
to esimate population abundance and density of species, not to assess commugtityest

Farnsworth et al. 2005, Schmidt et al. 2013), and not an objective of the NCCN landbird monitoring
program (Siegel et al. 2007), diversity indices can be compared m&using pointount data

(Melles et al. 2003). Saracco et al. (2014) analyhe NCCN monitoring data from 2007, 2009 and
2011 to detect species trends.

An intensive data analysis was conducted by Vilchis et al. (2014) using annual aerial surveys and
Christmas Bird Count data for the period 1994 to 2010. Results of these udres sif the Salish

Sea region are included in Appendix BBird data (www.ebird.org were retrieved in December,

2014 for locations within kb of the park's units for this report and updated in October, 2017 for the
two park eBirdi h o t s AnwiticandCamp and English Camp.

Cassidy and Grue (2006) analyzed wildlife information statewide for the purpose of recommending
additional species in eacounty that might not meet WDFW criteria for Priority Species status, but
for which land managers might wish to take additional steps to protect. Bower (2009) utilized survey
results from several monitoring efforts within the Salish Sea region, incl@&dingo analyze overall
seabird abundance and trends for selected speciad 875 2007. Though not directly inclusive of

SJI, Crewe et al. (2012) conducted an analysis of survey results from the British Columbia Waterbird
Survey from1999 2012 methodsand locations are described ther@ihe Washington State

Department of Fislnd Wildlife maintains a publickaccessible spatial database of species
occurrences from the Priority Habitat and Species list (PHS;
http://apps.wdfw.wa.gov/phsonthewgldescriptions of how map sourdata were acquired are

available atttps://wdfw.wa.gov/conservation/phs/list/

4.8.5. Resource Condition and Trend

Bird species identified from monitoring as well as current WDFW Candidatestactin Tableg\-

1 to A4 for Landbirds, Raptors, Shorebirds, and Seabirds, respectively. The large number of species
identified from park lands, which represent only about 5%hefand area of SJI, represent
approximately 94% of all bird species fourda@ss all the San Juan Islands (Adamus 2011). There

are only about 18 species that have been recorded elsewhere on San Juan Island but as far as is
known not on park lands and nyaspecies are found in higher abundance at American Camp than
anywhere elserothe island; of 218 species with records from either American Camp or English
Camp, 187 (86%) have been recorded at American Camp and 114 (52%) from English Camp. Of the
58 speas for which there were sufficient data to determine trends, Crewe etlfl) (2ported 57%

(33) of species declining in estimated abundance, 38% (22) with no change, and 5% (3) increasing.
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In 2015 Holmgren et al. (2016) found that overall detectiorspeties had remained high from

2013 2015 No substantial changes were notedi¢tections of either species of concern ornon

native species. Saracco et al. (20fdind, thought hat sever al spW¥reda es (Cassi
cassinif , S waThmush Eatharsis ustulatys, and T o wn sSetopthapgastomnseddlib | er |
declined andhone increasedetween2007 2012 fecundity and survival estimates of western

bluebirds were similar to reference populati(®kter and Altman 2013howeverthe buebird

reintroduction program has been very successful with increasing numbers ohfpresds on the

island in recent yearsitps://sjpt.org/ebanneryearfor-bluebirds). Data for breedingvithin SAJH

by bluebirds were unavailable for this report, but it is likely that boxtsmpark habitats have

supported productive nests (J. Shrum pers. ca2did).

Crewe et al. (2012) found bald eagles in decline by Jh8Bgear while peregrine fales showed no
change. Crewe et al. (2012) found dunlins in decline by ®&8gear whileblack oystercatchers and
marbled murrelets showed no change. Overall Bower (2009) found 14 of skealdvd species he
analyzed showing significant declines fra®75 2007and declines of 11 of those species exceeded
50%.

Causes of regional seabird deels vary across species and are often undetermined. Suspected

contributors to the declines (or shifts in geographic range) include entrapment in fishing gear, oil

spills, contaminants, and habitat | oss bsjdGagdod ocal |
and Pearson 2011). For many of the region's wintering alcids and grebes, the more recent and
comprehensive analysis of Vilchis et al. (2014) has implicdtadges in the availability of low

trophic prey such as forage fish as the major driténedecline.

4.8.6. Level of Confidence
Medium.

4.8.7. Data Gaps and Research Recommendations
1 No systematic data have been collected over the long termafithin the park that would
all ow valid calcul ation of Thisepadisuladytueofany of
marine birds and nocturnal owls.

1 For nearly all species, data on reproductive success have not been collected within the park.
Sud data are required to assess trends and help define minimum viable population levels.

1 Relative gnsitivities of different bird species to disturbance from traffic and recreationists
have not been determined within the park. In particular human actiwitiee nearshore area
should be monitored for effects on shorebird species.

1 Effects of contaminans on t he parkdés wildlife species h
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4.9. Non-avian Vertebrates
By Catherin Schwemm and Paul Adamus

4.9.1. Condition Summary

Almost nothingis known regarding the population size or dynamics of any native vertebrate species.
Several native species are extirpated from San Juan Island nwhifetive rabbits are invasive.
Population trends are unknown for any native vertebrate species @hefer, though there are no
indications that any native species is declining. Bats are at high risk fromnelsiesyndrome.
Confidence in this ass&®sent is low.

4.9.2. Background

For this Section the terfnv e r t einrluded repsles, amphibians, land mammals, atd. [{Birds
are discussed in SectidrBand marine mammals that haadt on SAJH beaches in Section %.5.
TablesB-1 through B4 in Appendix B preserdll terrestrial vertebrate species confirmed from park
sites or presumed/potentially present given abéé habitat.

Amphibians/Reptiles

Amphibians as a group have no external coverings (such as hair ersgathd absorb water and
gases directly through their skin. Consequently, they generally require mesic environments with
either perennial standing lowing freshwater, or at least periodically moist conditions during a
portion of the year (e.g. ephemigpaols; Green et al. 2014). Critical habitat for most amphibian
species includes wetlands where eggs are deposited and larvae mature (O'Regahdgt ahe
relatively dry environment of SAJH coupled with island isolation does not support high amphibia
diversity, and compared to much of the Pacific Northwest, relatively few species are known to be
present (Samora et al. 2013; TaBld in Appendix B.

Amphibians are declining globally due to threats from climate change, habitat loss, disease, and the
presence of toxics in their environment, to which they are particularly susceptible (Gardner et al.
2007 Kilpatrick et al. 2010, Li et al. 2013). Patilarly in the PNW, the dense, complex rainforests

and associated riparian habitats upon which many digphspecies depend have been much
degraded or completely lost (Grialou et al. 2000, Olson et al. 2007, Hodgson 2008).

Reptilian faunal diversity of tnPNW is relatively low compared to other areas with more mesic
conditions and compared with the numbenative amphibian species (Meserve and Jaksic 1991,
Blaustein et al. 1995). Other than the observations cited in BaBl@ Appendix B &most nothirgy

is reported regarding reptiles on SJI.

Land Mammals

Islands generally support a lower diversity of ramian vertebrates than do mainland areas of
comparable size (Lomolino et al. 2006). Fossil bigisdn antiquusbones found in the San Juan
Islands indicate a brief and early postglacial land mammal dispersal corridor which, combined with
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over water imngration, served to populate the fauna of the San Juan Islands from the nearby
mainland following retreat of thiee nearly 12,000 years ago (Kurle et al. 2013). In addition, the
relatively small sizes of the two SAJH sitesturally limits the available teestrial habitat for
vertebrates within park boundaries.

Small Mammals
Thetermi s ma | | ncammordy|refeds to insectivores (nbat species that require some meat
in their diets, usually in the form of insects), and small rodents (species thatréquice meat
though many are omnivores). The only groups of insectivorous small mammalshnAXeetica are
moles and shrews; moles live almost exclusively undergrdurid@ s 9 im seifexdavated tunnels,
while shrews, which are the smallest mammadsnot burrow but live under leaf litter and
vegetationRodents are a highly diverse groumpmmimmals (Feldhamer 2007), with one family
(Muridae, old world rats and mice) that includes over 700 species. In many ecosystems rodents are
the largest group gfrimary consumers, and as seed eaters, Howe and Brown (2001) have suggested
thatA é pl antnictoimmu refl ect what .dnmadditidntotheirrdlecabr at es
consumers and seed distributors, small mammals are key prey items for mestyiaéand avian
predators (Drost and Fellers 1991, Hulme 1998).

Only three native small mamigaare present in SAJH, two rodents (deer Ateeomyscus
maniculatu¥a n d T o wn s eMicrtGssownsentjjeasd one insectivore (vagrant shrews
Sorex vagang. Voles are often considered pests by agricultural interests, but like gophers play
importart roles in maintaining healthy soils and supporting raptor populations among other
ecosystem functions (Davidson et al. 2012).

Herbivores
Non-native European bbits Oryctolagus cuniculysi r a b)lweré fssbdocumented on San Juan
Island in 1929 but we probably present for several decades prior (Couch 1929; Stevens 1975). This
species of rabbit is mediusized (adults are abolit@1bs/1.3 2.7kgs), and lilke all rabbits is
completely herbivorous. In the absence of most predators rabbits quicklysextiasabundance,
specifically in theprairiearea of American Camp (Hall 1977, West and Agee 2009).

Columbian blackailed deer @docoileus hemionus columbiaua small subspecies of mule deer,

are native to the SJI. The elimination of predators suefoags and mountain lions by settlers

allowed deer populations to increase to where they now often have measurable negative impacts on
vegetation and other sgies (Schoen 1972, USFWS 2010, Martin et al. 2011).

Carnivores
Mustelids are the largest groupaarnivores, smamed because of the anal scent glands all mustelids
possess. River ottersdntra canadens)sare smaller than sea otters but can be fourdaokish
water areas such as Gar r iNsovison \Bsengre comnion diitee SH,6 s L ag
foraging mostly along the intertidal zone. Mink are native but have likely interbred withréssed
mink (Carlton and Hodder 2003). M&ized carnieres found on SJI include raccooRsdcyon
lotor) and red foxes\ulpes Vulpes No large carniores are currently present on SJI.
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Bats
Bats are a diverse group of flying mammals found throughout the world, with approximately 47
species in North Americadflams 2003). Bats are extremely important insect predators and
pollinators in ecosystems worlddé and the economic and ecologic value of maintaining healthy bat
communities is substantial (Agosta 2002, Boyles et al. 2011, Kunz et al. 2011). Commdato all
species is a nocturnal life history that includes the physiological adaptations of ecbolaoat
flight, but other aspects of bat ecology vary across species. In particular species can differ greatly in
their habitat requirements and social behayitor example in whether they are colonial or solitary,
hibernate or migrate, or require théaddishment of maternity colonies for reproduction (Adams
2003). Bats are adapted to specialized habitats for roosting, hibernating, and breeding that almost
without exception must be dark, within certain temperature and humidity parameters, and relatively
free of human disturbance (Adams 2003).

Two bat species of conservation concern whose occurrence in the park has not been confirmed but

that are likely herear T o wn s eeardd®datCotynodninus townsendii and Keends myot
(Myotis keenji. These secies are considered by the Washington Department of Fish and Wildlife

(WDFW) to be Candidate species for listing as Priority Spetlagds and Wiles 2013Roosting

concentrations of big brown batgtesicus fuscysre listed by the WDFW as a Priority
Species/HabitafWDFW 2015)

Extirpated Species

Western toadsBufo [Anaxyrus] boregs a Washington State Candidate species and a Federal

Species of Concern,axe historically present on SJI but have not been documented in the past 15

years (Samora etl. 2013). Likewise, western pond turtldg{inemys marmorajehave not been

seen on SJI for several decades. For this assessment, it is assumed that bottoagstanad

western pond turtles have been extirpated from SJI, though as far as is kn@\ratleebeen no

targeted surveys for these species on the island for several decades. Other species that may have once
been present on SJI and in SAJH but have mieeen recorded are the Oregon spotted fRaméa

pretiosg and Pacific giant salamand&i¢amptodon tenebrosusis

The loss of forests that resulted from logging and clearing land for agriculture likely led to the
extirpation of several large mammal sigsdfrom the San Juan Islands including €lervus

canadensis roosevaltigray or timber wives Canis lupusor C. gigas Miller et al. 1935), and

cougar Felis concolo). Beaver Castor canadensjsvere once present on San Juan Island but there
are no ecent observations, though they are still present on several other of the SJI. Miller et al.
(1935) provide a particularly enlightening summary of historical changes in vertebrate diversity on
the SJI.

Threats to Vertebrate Populations

Habitat loss and frgmentation
Habitat integrity includes not only the ability of a particular environment tp@tigs p e cneegld s
but also the connectivity between different areas that species may require throughout their life. The
inability of individuals to travel duto incompatible land uses potentially reduces genetic diversity
and abundance, and substdnsearch has demonstrated that the fi@mgn viability of many
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species is significantly reduced when patchiness and fragmentation increase (Saunders et al. 1991,
Fahrig and Merriam 1994, Crooks 2002, Rudnick et al. 2012). Habitat degradation can bociy no
when habitat is converted to other uses but also when specific components of habitat are removed.
For example, many necessary habitat elements for forespéeies such as roost sites in-gidwth

trees and undisturbed rock shelters and caves lbeen lost as a consequence of human activities

and developmentHayes and Wiles 2013).

Non-native Species
In addition to rabbits and deer (discussed above)rakeamphibians have been intentionally or
accidentally introduced from the mainland to thg B&luding bullfrogs Lithobates catesbeianys
western painted turtle€hrysemys piclaand reeeared slidersirachemys scripta eleganghe
presence of freranging domestic cats and dogs in the park, some of which are likely feral, is a
serious theat to native small carnivore populations (Vanak and Gompper 2010) as well as native
prey populations (Doherty et al. 2015).

Norway (Rattus norvegicysand blackRattus rattuyrats are also likely present in the park (Miller

et al. 1935, Schoen 1972, BA2010). Norway rats and house mice were documented on San Juan
Island in 1928 but a small mammal survey covering a limited area in 1974 found neither species
(Nordquist 1975). House mic&us musculusmay be present (Miller et al. 1935, Schoen 1972).
Muskrats Ondrata zibethicg native to Washington but not the SJI, are also likely present (Miller et
al. 1935, Carlton and Hodder 2003). Red foxes were intrododie tislands for fur and hunting in

the early 2t century, and without competition from tgar species and an abundant supply of rabbits,
have increased in abundance over time (Schoen 1972).

Disease
White-nose syndrome (WNS) is a serious condition cabyatie spread of a fungus through
hibernating bat colonies, most often in caves (Foley. &Cdl1, Maher et al. 2012). While not all bat
species hibernate, WNS is nearly 100% fatal to all individuals in affected coloh@msgh one bat
with WNS was deteted in Washington State, it was found along a transportation corridor and was
possibly brougt to the state in a vehicle rather than arriving independently (E. Gasser, NPS, pers.
comm.2017 The means of contamination and a cure are not yet identifiechanyg researchers
anticipate further spread in coming yedrgs://www.whitenosesyndrome.grg

Climate Change
The degree to which climatéange will alter a particular species distribution or abundaepertls
on that organismso6 ability to adapt to changing
2015). Predicting which species will be most affected by impacts of climate charey®isl the
scope of this assessment. In many cases areas likendlaParks will be disproportionately affected
because they protect some of the last remaining contiguous habitats in the country (Hansen and
DeFries 2007, Hansen et al. 2014).
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4.9.3. Reference Conditions

AmphibiangReptiles

As far as is known there innformation on population abundance or distribution for any amphibian
or reptile species in the park. Minimally there should be no reduction in species diversity on park
lands.Non-native species should be absent.

Land Mammals

A decline in small and megim-sized vertebrate abundance, or fundamental changes in diversity,
could affect food webs and trophic interactions, but could also indicate alterations to the system from
human mpactssuch as when predators are intentionally remd@Renve et al. 2011). Basureable
reductions in diversity over time would be cause for concern, but because small mammal species
differ greatly in population dynamics and response to changing resangd#ians, in the absence of
regular monitoring many years would likely passore ecologically relevant changes were noted
(Moritz et al. 2008). Certainly, an increase in the populations ohatime mammals such as black

rats or cats would be cause tmmcern.

Bats
There should be no indication of WNS for any species thatrabes in Washington and bats should
continue to use SAJH habitats in patterns observed historically. Diversity should remain high.

4.9.4. Data and Methods

For all species the Whsgton State Department of Fish and Wildlife maintains a pukdictessible
spatial database of occurrences from the Priority Habitat and Species list (PHS;
http://apps.wdfw.wa.gov/phsonthewgldesciptions of how map source data were acquired are
available ahttps://wdfw.wa.gov/conservation/phs/list/

AmphibiangReptiles

Samora et al. (2013) conducted amphibian surveys at SAJH in 2002 atEbbtsites and details and
methods of those surveys are included in thatideent. Reptiles were not targeted by Samora et al.
(2013) but were identified and recorded when found. The report noted that surveys were conducted
when conditions may alreadyvyebeen too dry to detect some species (April 2002; Samora et al.
2013).

Land Mammals
As far as is known, no comprehensive surveys for land mammals have been conducted either on SJI
or within SAJH sites.

Bats

A survey of bat species on SJI was conduct&2Dbv, mostly at English Camp (Christophersen
2006).The conservation orgaraion Kwiaht conducts periodic visual and acoustical surveys to
compile a list of bats on San Juan Island in an effort to learn more about species diversity and
distribution, andhose efforts are ongoing

(http://www.kwiaht.org/documents/Bats_of SJI 2015 ptifough results from those surveys are not
publicly available.
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4.9.5. Resource Condition and Trend

AmphibiangReptiles

Samora et al. (2013) found only two of eight amphibian speoienpally present at SAJH. Pacific
treefrogs Hyla regilla) and northern retegged frogsRana aurord were found at English Camp,

and treefrogs were found at American Camp. Two other amphibians, American bullRags (
catesbeianpand rougkskinnednewts, have been found on San Juan Island but never documented
from SAJH sites. Longoed and northwestern salamandémnbystoma macrodactytuandA.

gracile) may be present at a few locations on San Juan Island but likewise have never been observed
in the park. Redegged frogsRana aurora are common in Washington but are becoming rare in
other areas, and Samora et al. (2013) only foundro8AJH. Sharp-tailed snakes Contia tenui¥

were found in the park on Young Hill in 2018 (S. Dolan pers. co2@B). Rubber boa snakes
(Charina botta¢ have occasionally been reported from SJI but the State shows no documented
records from the SJI. Noehn alligator lizardsElgaria coeruled were not detected by Samora et al.
(2013) butarelisted as present acabng to North Coast Cascades Inventory and Monitoring species
list.

Land Mammals

Populations of deer and rabbits have apparently prospetiee park and throughout SJI, largely in
response to the elimination of carnivores from the county during eatlgnsent and the reverting of

prairie to intermediate successional stages in the absence of fire (Chamberlain et al. 2007). Numerous
large, wel-developed rabbit warrens exist at American Camp, and the core rabbit colony area there is
virtually devoid of gassland nesting birds and small mammals due to a lack of native vegetation and
cover (Lees and Bell 2008). The rabbit population has fludustee monitoring began in the early

1970s (Figurel.9-1; West and Agee 2009).
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Figure 4.9-1. European rabbit population estimate at American Camp from 19851 2010 with 95%
confidence intervals. From West and Agee 2009.

Efforts to control rabbits by the park have included construction of a watuuf barrier fence in
2003 along the western boundary of American Cadjpcent to the Eagle Cove subdivision to
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prevent colonization into the park. In 2004, two netiuth barer fences were erected west of the
Grandmadés Cove trail to prevent rabbits from co
main rabbit olony area. In 2005 the park constructed a barrier fence through the center of the core

rabbit colony to glit the area into smaller management zones. The rabiif fence along the

western boundary and the two f eappeaetoleefettiveatn s we s
preventing rabbit colonization of the western portion of the prairie.

Bats

Seva bat species have been confirmed from SAJH, but very little else is known regarding bat
diversity or the status of rare species. A mixed colony ohd myotis Myotis yumanensjsand big
brown Eptesicus fuscidbats established in an historitalilding called Crook House at English
Camp sometime prior to the m000s. Park management determined that occupation of the
building by bats was not complalé with the preservation goals for the structure and instead
developed a plan to relocate the bats. Admtwas installed in 2004, and in August of 2006 over
1,700 Yuma myotis and 80 big browns were observed utilizing the box (R. Christpheso to
file; https://irma.nps.gov/DataStore/ldnloadFile/48904% At the time observers noted that the
number of Yuma myotis had increased while the number of big browns had decreased, inelsoth cas
for unknown reasons. More recent data were unavailable for this assesbmegtt the PHS
database irlades records of big brown and Yuma myotis from across SJI.

4.9.6. Level of Confidence

Confidence in this assessment is low. There are few dataethaile the status of any community of
vertebrates (other than birds), and certainly nearly nothikigag/n regarding the population status
of any native mammal species other than deer.

4.9.7. Data Gaps and Research Recommendations
1 Island invasions by nenative vertebrates, particularly mammals, have resulted in numerous
extirpations of native species @hands around the world (Clavero and Gaéthou
2005). More frequent monitoring of vertebrates at SAJH would provide early indications of
any new spcies and allow time for response (Kurle et al. 2013).

1 Surveys and monitoring are also needed for pattammals to assess possible responses to
climate change and continued habitat alterations in and near the park. In particular deer and
small mammal pogdations should be monitored.

1 Surveys and monitoring of bat species should be increased and supported.

1 Additional reptile and amphibian surveys are needed in suitable habitats when detection
probabilities are high (periods of the year when conditions fatelsurface activity). Species
that are particularly in need of additional surveys ardegded frog, roughskinned newts,
western reebacked salamanders (Guderyahn et al. 2016) and-thikeg snakes.

1 The effects of prairie and oak woodland habistaoration (generally, and specific practices
such as burning and vegetation thinning) on amphibiatisegtiles have not been monitored
within the park.
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4.10. Habitat Integrity
By Catherin Schwemm and Paul Adamus

4.10.1. Condition Summary

Habitat connectivity has likely improved with efforts to purchase and pradieitional lands

adjacent to the park. Vielittle data exist regarding natural night skies and natural quiet, though it is
unlikely that either of these indicators are improving. Overall concern is warranted for park habitats,
particularly during summer amths when visitation to the island ame tpark sites is high. No trends

are detectible and confidence is low.

4.10.2. Background

Habitat @nnectivity and Fragmentation

Habitat frgmentation can be described as an alteration of large areas (relative to specific taxa) of
continuous wild space into smaller parts by the presence of human impacts. Substantial research has
demonstrated that therlg-term viability of many species is sifjoantly reduced when patchiness

and fragmentation increase (Saunders et al. 1991, Fahrig and Merriam 1994, Crooks 2002, Rudnick
et al. 2012). A reduction in available habitat eliminates resources necessaryiial sr

individuals (e.g. Beier 1993),hile the loss (actual or virtual) of connectivity between habitats has
additional and often greater loitgrm negative effects on population sustainability (Fahrig and

Merriam 1994, Berger 2004, Krauss et al. 2080y, en f or avi an s pemidets and |
al. 2013). Habitat can also be functionally fragmented, for example if human inputs prevent the
transfer of genetic material between plant populations and/or reduce or prevent pollination (Hadley
and Bets 2012, Rudnick et al. 2012, Newman e8l13).

The existence of metapopulation dynamics, where populations that are separate spatially actually
require the exchange of genetic information via dispersal to sustain the population overall (Hanski
1999), lagely explains why the loss of habitaincectivity has had such dramatic effects on many
species (Hanski 2011). Recolonization after local extinctions (e.g. following severe disturbance), is
impossible if animals are unable to physically travel betwdes @eier 1993, Crooks 2002, Berger
2004. Consequently, maintaining metapopulation dynamics is also the reason why protecting the
ecological connections between large, natural areas such as national parks is critical for conservation
of numerous specidslansen and DeFries 2007, Rudnick ekall2, Bauer and Swallow 2013,

Hansen et al 2014).

Ecologically, park sites are influenced strongly by processes that isolate islands from mainland
communities and that limit the number of species that might othebwpresent. On the San Juan
Islands speifically, movements of mammals, birds, and plant propagules can further be hindered by
wide expanses of land that contain little or no vegetative cover. Whether natwallying or

mediated by humans, the absew connections between habitat patatresites fragments of habitat
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that indirectly limits the abundance and genetic diversity of many species (Fahrig and Merriam 1994,
Belisle and Desrochers 2002, Tremblay and St. Clair 2011, Rudnick et al. 2012).

Becase this is a relatively small island, e@ttivity concerns for NPS at SAJH are primarily related

to those that affect birds, small vertebrates, amphibians and plants (Bennett 1990, Noss 1991, Atobe

et al. 2014, Lechner et al. 2015he impacts of rural@/elopment on vegetation and land cover

began with EuroAmerican settlement, as San Juan
agriculture, and then increasingly to roads, buildings, and other infrastructure. By the 1930s virtually

all of the virgin forest remaining in the San Jedrad been cut. Within the past 50 years, rural

development (i.e., building of homes, roads, conversion of native vegetation to cropland or pasture)

has increased significantly near the park and throughout Samslaach

Natural Night Skies

The importane of maintaining dark night skies has become a priority issue in national parks, and
increasing attention is being paid by NPS and others to measuring as well as minimizing the impacts
of anthropomorphic sources lajht (Henderson et al. 1985, Schelz &idhman 2003, NPS 2006,
Duriscoe et al. 20QGaston et al. 20} 2Prior to electricity the moon provided the only source of
light at night, and organisms adapted their biology and behaviors to the light pattems afycles
(Dodson 1990, Duriscoe et 2007). Now, anthropogenicallyerived light at night comes from

many sources, including direct light impacts (essentially all electrical sources), vehicles, and
polarized light (light from human sources whichiefiected back from the atmosphere; Hahvet al.
2009); recent data indicate that over half of the land surface of the U.S. is affected-pylligiet
night skies (Falchi et al. 2016).

Severakermsare commonly used to describe the measures andseffeanthropomorphic light, and

it is hdpful to understand the differences between impacts to visitors as part of the park experience,

and ecological impacts (Smith and Hallo 2013). The phialse g ht ip motmlally tegaed @s

a cultural concepnd refers to the ove@bundance of artiial light in human landscapes (Rogers

and Sovick 2001, Sovick 2001). More specifically, thetBrmms t r o n o mi ¢ a ldestribeg ht p ol
the degree to which | ight aff gectdirsthemightiskyn sé abi | i
(Longcore and Ric2004).

Less often addressed are the ecological impacts of artificial light (ecological light pollution) during
diurnal dark periods. Atrtificial light at night has very different impacts on wildlife and ecological
processes than it does on humans (LongaateRich 2004, Rich and Longcore 2005, Horvath et al.
2009). Evolutionarily the moon provided the only source of light at night, and organisms adapted
their biology and behaviors to the light patterns of lunaresy@uriscoe et al. 2007). Consequently

the dark night sky is considered the natural condition to which biotic components of ecosystems have
evolved (Gaston et al. 2013).

Research has examined the impacts of artificial night light on many groopgamiisms, including
plant populations (Lewanzi&nd Voight 2014, Somefgeates et al. 2016), insects (Geffen et al.
2014, Perkin et al. 2014uarte et al2016, birds (songbirds, owls, shorebirds, seabirds;
Kempenaers et al. 2010, Rodriguez et al. 2012), amphibians (Perry et al. 2008), rodef@®rimts
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et al. 2009), snakes, marine organisms, and primates (Le Tallec et al. 2013; see Gaston et al. 2013
and Daies et al. 2014 for reviews). For examplee presence of artificial light at night can result in
increased predation, reduced productivitiyect mortality, and reduced time for nocturnal foraging
(Longcore and Rich 2004, Duriscoe et al. 2007). Cunveligtthese impacts can affect population
dynamics, successional processes and biodiversity (Kyba and Holker 2013, Gaston and Bennie 2014,
Lewanzik and Voigt 2014).

Natural Quiet

Soundscapes are generally defined as the total amount of ambient noiseda areasured in terms

of frequency and amplitude (decibels; Ambrose and Burson 2004). Because national parks are often
(perhaps wistfully) cosideredii i s | af quies(loynch et al. 2011, Miller 2008), NPS has been
working for several decades to estdblmseline conditions and develop measuring and monitoring
methods for soundscapes in national parks (Miller 2008). Similar to the topitopditjution,

however, soundscapes have primarily been addressed as a cultural resource in relation to visitor
experiences (Rogers and Sovick 2001, Sovick 2001, Miller 2008, Lynch et al. 2011) with relatively
little attention given to potential ecologiaahd landscapscale impacts (Barber et al. 2011).

Soundscape ecology is an emerging fafldtudythat attempt$o connect ecological processes with
human and natural sounds at landscape scales (Dumyahm and Pijanowski 2011b, Pijanowski et al.
2011, Trawand Barrett 2011). When evaluated ecologically, the impacts of anthropogenic sounds
are most commonly considergdterms of effects on wildlife and biodiversity (Francis et al. 2017).
Not surprisingly impacts have been shown to be greatest on groupsesiesshat most utilize

sound in their habits and communication (Francis and Barber 2013). (Marine studiasraleng,

but herein only terrestrial systems will be discussed.)

For examplestudies have demonstrated the negative impacts of noise orflbamléng and Popper
2007, Slabbekoorn and Ripmeester 2008, Francis et al. 2011), bats (Schaub et al. 2008eBahkle
2015), rodents (Shier et al. 2012), frogs (Barber et al. 2010a, Bee and Swanson 2007), and
invertebrates (Morley et al. 2014). Preesjes are particularly sensitive to human noise because
sounds can botmimic predatomovement@and maskhem(Landon et al. 2003, Chan et al. 2010,
Brown et al. 2012). In some cases research indicates that recreational activities such as hiking and
crosscountry skiing may in fact have greater impacts on wildlife than motorized activities (Larson et
al. 2016).

Thepresence of roads and associated uses (e.g. vehicles, construction), has some of the strongest
impacts on wildlife (as opposed to inputs sustogerflights, which are generally considered as a
visitor-impact issue; Barber et al. 2Q1Buxton et al. 2017 Road noise can alter animal behavior,
movement patterns, ability to find prey, and breeding processes (Bee and Swanson 2007, Barber et
al. 2011, Kociolek et al. 2011, Siemers and Schaub 2011). Some species are able to adapt to long
term additions of noism their environment but others are not (Barber et al. 2010b). Impacts at
individual and population scales can further translate up to eeosystd process levels

(Slabbekoorn and Halfwerk 2009nd ecological systems in protected areas such as radukal

may be particularly at risk from noise impacts (Buxton et al. 2017).
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4.10.3. Reference Conditions

Habitat Connectivity

Because habitat ooectivity and impacts of adjacent land use are species and process specific, there
are no common reference cotmalns for all resources of interest in the SAJH region (Rudnick et al.
2012). Ideally there would be no impacts on resources from outsidadasadr barriers to dispersal

and genetic transfer for any species.

Natural Night Skies

The NPS has developedystem for measuring sky brightness to quantify the source and severity of
light pollution, however, these measurements relate to human percepty. Ecologically the
reference condition on park lands should be the absence of artificial light at mighedatively

affects organisms and natural processes.

Natural Quiet

National Park Service policies direct that the absence bf@dgenicnse finat ur al ambi ent
| e v) belthie baseline against which impacts are measured (NPS 2006, Lynch £t aR@gearch

on soundscapes has further suggested that due to the complex nature of sounds, conditions for

wildlife at multiple spatial and meporal scales must also be considered, for example how often is it

guiet or noisy, and how far away can spegaficinds be heard or sensed? (Barber et al. 2011,

Dumyahn and Pijanowski 2011). Given the relative absence of information on the effects ohnoise

wildlife, measurements of anything over natural sounds may be considetesirabléhowever

measured).

4.10.4. Data and Methods

Connectivity
Because very little is known regarding dispersal and habitat needs of any native species in the park,

sourcessuch as vegetation maps and remotely sensed data could be consulted to suggest which areas
might beutilized, but at this point there is no information on movement patterns of park animals or
plant propagules.

Natural Night Skies

One assessment of nightysbrightness was conducted at SAJH in 2012. Two sites were measured,

one at Young Hill and one #ie Redoubt at American Camipoth in midAugust. The methods used

are described in Duriscoe et al. (2007) and Duriscoe (2013), but basically measuisd dradant

of light in the sky compared to natural nighttime levéls’\(s k y Li ght P-AUR).Ast i on Rat
far as is knownltese were poirih-time measures only with no subsequent assessmentyWadd

2015a)

Natural Quiet

Sound levels are measuredwo ways. Theidevi at i on f r ommeasarestthe r a | ambi e
difference between the average souneli¢for all sound) and the natural ambient condition (the

absence of human soundgood 2015p. Thefi ma x i mu m s © thaldudestsoure llevel

gener#ed during a noise event. Evaluating the condition of the ecologically relevant soundscape,
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however s problematic. As far as is known there have been no studies focused specifically on the
impacts of anthropogenic noise on wildlife in SAJH.

4.10.5. Resource Condition

Connectivity
A survey in 2007 of the San Juan County shoreline reported an average@st poss of marine

riparian forest cover between 1977 and 2006 (MacLennan and Johannessen 2008). Such loss and
resulting fragmentation is likely to haeelversely altexd the movements of some forassociated

bird and mammal species. However, at l@agiin the American Camp unit, the forest canopy has

been increasing as result of fire suppression and natural succession, and in the process, it may be
causing prairie habitat to become more isolated from other patches of grassland on San Juan Island.

Habitat connectivity haikely improved with the acquisition of the Mitchell Hill property and

protected open space adjacent to English Camp. The eastewtalpyp of Eiglish Campis contiguous

to a block of mostly continuous forest at least 8(@69 ha) h extent. Within the unit, the 25 ft (8

m) wide West Valley Road bisects the unit and creates the only linear opening of significant extent in
the forest anopy. The closest large patch of oak woodland outside the park is approximately 1.3 mi
(2.1 km) to he southeast, but nearly all of the connecting land is farest\Washington State

databasef Priority Habitats and Species (PHS) identifies all of E&lgCamp as a Biodiversity Area

and Corridor fittp://apps.wdfw.wa.gov/phsonthewgb/

At American Camp, wooded habitat both within and immediately outside the park is unfragmented

by land uses, buttheex;mdi ng woodl ands threaten to separate
grasslands outside the parknArrow road runs the length of the American Camp unit but traffic is
relatively |l ight and speeds ar e f andisianagedfar w. Ne
conservation by the Washington Department of Natural Resources and the Saouhtgriénd

Bank. Beyond that, in the Cattle Point settlement, subdivisions contain about 150 lots and a few
undevel oped | ot s r e niheiEagle Céve settledment comaing abaut 4&letst e n d
with an average size of one acre (0.4 ha), anddbo hal f have been developed
northwest corner there are narrow wooded corridors, part owned by the San Juan County Land Bank,
thatconnectth par kés woodl and to a patchwameds(202f ot her
ha), until a gap 08.281 ft (~1,000 m) in width is reached about 1.7 mi (2.7 km) northwest of the

park boundary.

Natural Night Skies

Light pollution from Victoria, British @lumbia, is considerable and appears to be increasing.
However, no measurements have been taketrends are unquantified. NPS data collected in one
sampling session show an ALR of 1.87 at Young Hill and 1.46 at Redooétican CamgWood
2015a) (An ALR of 0.0 would indicate pristine natural conditions, while a ratio of 1.0 would
indicate that atiropogenic light was 100% brighter than the average natural light from the night
sky.) It is unknown how well the methods used to measure light pollutiotatioreto what humans
see measure elements that have ecological consequences for wildlifar{Ricbngcore 2005). A
metastudy on anthropogenic impacts in the California Current (Andrews et al. 2015) found that in
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general light pollution is not a relagély strong stressor though the impact of light is increasing
slightly.

Natural Quiet

Though there are no data or studies from SAJH to quantify recent increases or decreases in
anthropogenic sound levels, other data suggest that noise levels are inéreasisgnatural areas,

and that in very few places are noise levels decreasing (Bekt@. 2017). Sound level monitoring
efforts that include the area of SAJH suggest ardglyt average sound levelf about 65 decibels
(DNL, A-weighted) atgroundleve dur i ng aircraft practice period
Landing Field at Cqgpeville, mainly in the part of the Reserve between Crockett Lake northward to
just south of Coupevillehftps://www.nepanavy.mil/growler). As of 2011 there were 6,166 total

flight operations per year #iat location. Flight schedules vary from several times per week to once
a month. The time of day and length of practice sessions also vary erratically. The erratileschedu
implies that significant noise impacts can occur on a regular, but inconsistentAi@out 94% of

the flights occur during daylight hours (Bremer 2004).

4.10.6. Level of Confidence
Low.

4.10.7. Data Gaps and Research Recommendations Connectivity

Connetivity
It is important to work with partners to protect areas outside park boustianeconnect habitat

patches with corridors of vegetation outside of areas already set aside as natural preserves. The
WDFW (200) r ecogni zes fBi ordiidvoerrssdi tays Aar eParsi oarnidt yCoHa b
jurisdictions consider using systematigagaches for identifying and protecting them.

Natural Night Skies
1 Repeat measurement of Alky Light Pollution Ratid ALR is necessary to determine
trends.

1 Alighting plan for the park should be developed, and natural night sky goals incorporated in
parkplanning documents.

Natural Quiet

1 A study of current noise conditions should be conducted.

1 New methods for modeling potential noise impacts from proposed developments and
activities may be useful for planning purposes (Keyel et al. 2017).

! Day-night average sound level (DNL) averages noise events that occur over a 24 hour period, weighting noise
events that occur from 10:00 @hv:00 am with an additional 10 dB to account fansgvity of noise receptors
during this time.
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4.10.8. Sources of Expertise
1 Emma Brown, NPS Natural Sounds and Night Skies Division
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Chapter 5. Discussion

By Catherin Schwemm and Paul Adamus

5.1. Assessment Summary

This assessment serves as a review and summanwgitdble data and literature for focal natural
resources in San Juan National Historleatk. The park is noted for its spectacular ocean views and
three of the rarest habitat types in Puget Sound: prairies, oak woodlands, and ocean spits. The
prolongedabsence of fire, combined with locally severe grazing by deer and introduced rabbits, as
well as isolation from the mainland and similar habitats elsewhere in Puget Sound, has altered the
composition and structure of these habitats as well as the padss.f@hose changes have resulted

in the loss or decline of several plant and animalispdound in only a few other places within

Puget Sound.

The marine waters that adjoin the park support an outstanding array of seabirds, marine mammals,
and fish, btithose resources are at risk from many factors, most of which are beyond the park's
control. At Westcott Bay, the causes of an apparent decline in edgaaisexceptionally productive
habitat for marine 1if& have never been conclusively determined. Inrtiraediate vicinity of the

park, mean annualr temperature has increased and precipitatiecreased during recent decades
increadng the risks to the park's groundwater and mostly ephemeral surface. Wagstsvater

resources aralso highly vulnerable to impacts from residential development in areas adjoining the
parkand saltwater intrusn.

The information presented here provides a partial baseline against which changes in condition of
components in g future may beompared. Table 5.1 summarizhse condition and trend of each of
the resource addressed in this assessmbatyever, curent condition and trends from recent
historical conditions could not be determined for many components due to wdfficent welt
documented data sets.

A synthesis of the information providééreinleads to a fevareas of concern that natural reseurc
managers may want to give particular attention to for future management efforts: the nearshore
ecosystempotentialchanges in ocean systems resulting from climate change. Finally, the authors
present three areas where additional management actighsprovide much needed information on
resources, potentially improve restoration outcomes, and aid in future assesffontnt
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Table 5-1. Summary of Resources, Indicators, and graphic representations of Condition and Trend evaluated for SAJH and placed within the NPS
Ecological Monitoring Framework (Fancy et al. 2009). See individual sections of Chapter 4 for discussion of the methods and data used for each

determination.

Condition and

Level 1 Category SAJH Resource Indicators Trend
0 Visibility
Air Quality (Section 4.1) 0 Nitrogen and Sulfur Deposition
6 Ozone
Air and Climate
. 0 Temperature
Climate (4.2) N p .
0 Precipitation

Geology and Soils

Water

Freshwater (4.3)

O«

Surface Water Quality

Surface Water Quantity (Flow)
Groundwater Quality
Groundwater Quantity (Levels)

O¢ O¢ O«

Biological Integrity

Wetlands (4.4)

O«

Plant Species Composition

Nearshore (4.5)

O«

Physical Shoreline Processes i Erosion
Extent of Kelp and Aquatic Plants
(Seagrasses)

Intertidal Invertebrate Diversity

Forage Fish and Juvenile Salmon Abundance
Presence/Absence of Marine Mammals

O« O« Ox O«

Rare Plants (4.6)

O«

Abundance and Extent by Species
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Table 5-1 (continued). Summary of Resources, Indicators, and graphic representations of Condition and Trend evaluated for SAJH and placed
within the NPS Ecological Monitoring Framework (Fancy et al. 2009. See individual sections of Chapter 4 for discussion of the methods and data
used for each determination.

Condition and
Level 1 Category SAJH Resource Indicators Trend
0 Extent of Prairies
0 Plant Species Diversity in Prairies
Vegetation and Land Cover (4.7) | 6 Presence/Absence of Obligate Bird Species
0 Extent of Oak Woodlands
0 Coastal Strand Species Composition
. . . . 0 Species Diversity by Habitat
Biological Integrity (continued) . . pecies Diversity by Habi .
Birds (4.8) 0 Presence/Absence of Rare and At-risk
Species
0 Species Diversity of Amphibians and Reptiles JPTIS
d Species Diversity of Mammals / N
Vertebrates (4.9) 0 oP v . . [ )
0 Presence/Absence of Invasive Species ' J/
& Deer Abundance Te-et
& Connectivity PO
Ecosystem Pattern and Processes Habitat Integrity (4.10) 0 Dark Night Sky l‘ }
’
0 Natural Quiet N
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5.2. Threats to Nearshore Conditions

5.2.1. Artificial Structures and Shoreline Modifications

The presence of artificial structures such as docks and jetties constructed tshedalkieeerosion
and/or provide services often have secondary impacts of altering sediment transport processes by
restricting the movement of materabng the coast (BcLennan et al. 2010, Shipman et al. 2010,
Dafforn et al. 2015). The presence of shoreline armoring can disrupt the connections between
terrestrial and ocean process, alter beach and intedtigigling invertebrate communities, and

redu@ habitat for spaming by forage fish (Toft et al. 2010, Krueger et al. 2010, Heerhartz et al.
2016).

A countywide survey of major shoreline modifications in 2007 found that 40 percent of shoreline
parcels in San Juan County already have at least one $teacture (SSPS0®7). A subsequent
study found that much of the new armoring occurring in the SJI is occurring without appropriate
permitting in place (Windrope et al. 2016). Shoreline development that affects water clarity or
introduces toxic materiahto the nearshorenvironment can negatively affect kelp and seagrasses
(FSJ 2010, Thom et al. 2014nd the park may wish to pursue funding to conduct additional
inventories dshoreline structures in and adjacent to the park for long reaches tha ghavailing
coasal current.

5.2.2. Pollution and Toxics

Many human activities introduce materials into the nearshore environment that can negatively impact
biological organisms. Activities such as commercial shipping, boat maintenance and operations, oil
transport and réfing, ferry traffic, and numerous mainland operations can all have direct and

indirect effects omarinewaterquality and nearshore habitat quality (Flora and Fradkin 2004

Toxic materials such as PCBs and hydrocarbons are also pregemfugeSound marine system
(PSEMP 2017). Marine waters around SJI are potentially impacted by effluent from the city of
Victoria, which does not treat its sewage and instead pumps waste directly into the ocean.

5.2.3. Marine Debris

Plastic and othesolid debrisenter marine waters from sources both near the SJI (e.g., recreational
boats, ferries, creosetmvered driftwood) and at sea (e.g., fishing fleets, aquaculture, ocean
dumping; Andrady 2011, Hirai et al. 2011, Hammer et al. 2012). Many sthdiee documeead

negative impacts of marine debris (especially microsesigied plastic particles) on marine

mammals, seabirds, and entire marine ecosystems (e.g., Tanaka et al. 2013). In particular, ingestion
of microplastics by forage fish is a growiogncern (PSEM 2017, Bertram et al. 2017). Derelict

fishing nets and trawls material abandoned or lost and left to float in the oGeane serious threats

to marine menmals and fish (Good et al. 2009

5.2.4. Resource Extraction

Shellfish can be harvesd legally inlimited parts of SAJH in compliance with State regulations. For
example, legal harvesting of clams and crabs occurs in Westcott and Garrison Bays, including on
NPS property. Since 1973 harvesting has been prohibited in the area of thegpawadebut is
permitted yearound from the dinghy dock north around Bell Point up to the property line of the
Westcott Bay. Although geoduck claniafiopea generosadrare an important economic species
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and are present around the islands, most of the toy 6 s alishorelime ig unsditable for this

species and no commercial geoduck clam fisheries have bgignated in the county (DNR 2008)
Aquaculture (including oyster, clam and salmon culturing) has the potential to increase nutrients
and/or pathgens in surronding waters, introduce exotic organisms, increase turbidity, and indirectly
affect nontarget species (Dethier and Ferguson 1998, Flora and Fradkin 2004). Commercial harvest
has been identified as a partial driver of population declinesefaral foragéish species in Puget

Sound (Greene et al. 2015).

5.2.5. Invasive Species

Invasive plants and invertebrates are significant threats to marine ecosystems around the world and in
the Salish Sea (Gartner et al. 2016). Competitors of eelgrsgyat Soundnclude the nomative

brown seaweedSargassum muticuandS. japonicaBritton-Simmons 2004)S. japonicahas been

reported from Griffin Bay and Cattle Point at American Camp unit (Copello et al. 2004), and also

| i kel y occur sve. Nomnatveealgrasaspetias, irCparticulstera japonica

compete with native eelgrasses through multiple mechanisms (Mumford 2007, Mach et al. 2014,
Shafer et al. 2014Y. japonica occurs in waters at both English Camp and American Camp.

Though mmerous nomaive invertebrate species have established in Puget Sound, relatively little is
known regarding their impacts in park offshore waters. At English Camp, mahogany Nlattatig
obscuratdpurple varnish clam) and Pacific oyste@sdssostrea igas) have bee documented

(Dethier and Ferguson 1998), and mahogany clams are present in Griffin Bay (Copello et al. 2004,
Klinger et al. 2006). A native of Japan, the solitary tunic@ter(a savigny)i has been recorded from

the northern San Juan Island$ie gallo masel Mytilus galloprovincialig hybridizes with native
mussels and is likely present in or near Westcott Bay. Thenative Atlantic oyster drill

(Urosalpinx cinereg Japanese oyster drilD¢inebrellus inornatus Northern quahog clam

(Mercenaria mercearia) and Japanese clamdotrapezium liratumnhave all been found in the

Georgia Strait region but not specifically in SAJH. European green cabsiijus maengsvere

recently found in Westcott Bay and are likely a significant threaatioencrab poplations (Mach

and Chan 204).

5.2.6. Marine Water Quality

The waters surrounding the San Juan Islands have been assigned a Class AA rating by WDOE,
however, very little is known regarding conditions directly off timglish Campor AmericanCamp
shores. Samples collected by Wiseman et al. (2000) at the end of the boardwalk at English Camp
revealed high quality waters characterized by relatively high dissolved oxygen and low nitrate and
soluble phosphate, though obviously these data are nibevoguh of date. In sediments just north of
the English Camp in Roche Harbor, elevated (butletimal) concentrations of lead, copper, and
tributyl-tin were found in 2000 (Serdar et al. 2001), but since that time sampled sediments have
shown no measurab&hangein the levels of toxic materials or ber®él benthic invertebrates

(WDE 2014).In Westcott Bay, fecal coliforms are within safe limits for shellfish (WDH 2016).
Levels of most metals were near natural levels, though average levels of cadmiumghearéhan

at other SJI sites (Takesue et al. 2005).
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Nitrate levels throughout Puget Sound increased at a rate of 3 uM per decade (Krefanasti

likely originating from human sources such as failing septic systems, livestock and agricultural
runoff, andresidentihapplication of fertilizers (SJDOHCS 2000 and 2004Excessive algal growth
triggered by elevated nitrate levels has caused fall/winter levels of dissolved oxygen to decline to
levels harmful to marine life both regionally (Chan et al.&0fd in Puget Sound (Krembs 2013).

Also, nitrateinduced growth of filamentous green algae on shallow hard substrates, when excessive,
can limit the diversity of other seaweeds and macroinvertebrates (Mumford 2007). The effects of
nitrate loading are liégly to be most noticeable in bays, lagoons, and other areas with restricted
circulation and where upland flows are restricted (Barsh et al. 2010).

Data describing coastal water quality within park waters are scarce. ThangtasiDepartment of
Health (WDQH) monitors water quality in the interest of protecting the shellfish resource. As part of
that program fecal coliforms, temperature and salinity are monitored at important shellfish growing
areas including Westcott Bay. One monitoring spot within Weskltated just northwest of

English Camp(www.doh.wa.gov/Portals/1/Documents/4400/westcot}. pdf

Klinger et al. (2006) summarized data collected by WDOH and the Washington idepiant

Ecology (WDOE)WDOE has a Marine Waters Monitoring Program (primarily targeted at detecting
threats to human health) with three stations offshore of Cattle Point. At each of these stations samples
are collected at three depths (0.5, 10, and 36mjeasure temperature, salinity, pH, fecal coliform
bacteria, chlorophyll a, nitrate, nitrite, ammonium, Secchi disk depth and dda¢asare currently

collected at each of the three sites on a rotating annual basis (one site/year;
www.ecy.wa.gov/programs/eap/mar_wat/data.hitihger et al. 2006).

San Juan County implemented a pilot program for stormwater monitoring that included one marine
site each in Westcott, Garrison and Falsesbtipugh the data were not available for this repast.

far as is known, aside from the WDOE/WDOH sampling mentioned above, no other water quality
monitoring is conducted in nearshore environments arouneri@éanCampor EnglishCamp

5.2.7. Climate Change

All shoreline resources are vulnerable to changes occurring in the ocean as a result of global climate
changeln particular,climate scientists in recent years have focused on the frequency and severity of
extremestorm/runoffevents (Allan and Koar 2002, IPCC 2014)Heavy rainfall events are

projected to become more severe with a predictie@®% increase in the number of days when

more than 1 inch of rain falls by 2050 (relativel@v I 2000 Snover et al2013, Kunkel et al.

2013). Models alsdicate that the number of 2¥ur rain events in the PNW will increase over the
next 50 70 years (TNC an@IG 2016). Overall storm intensity is predicted to result in higher

average rainfall amount per storm with resulting increases in flooding andrexesients (Mauger

et al. 2015).

5.3. Ocean Conditions

The condition of the ocean environment surrong&an Juan Island is of conceandclimate
change is having increasingly measurable impactscean processéblalpern et al. 2009, Feely et
al. 202, Komar et al. 2013, Cheng et al. 2D1Specifically, ®a surface temperatur€sST)are
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rising and the chemistry of ocean waters is chan@nogan acidification; OA)while toxic materials

and ocean debris have multiple negative effects on marineismgsand sea levels are rising (SLR)
Ocean dynamics along the coast interact with physical and biological resources of SAJH, therefore
this sectiorbriefly assessesngoingdivergences from past oceanic conditions resulting from climate
change that magffectthose resource3here are minimal data for marine processes adjacent to
SAJH, and very little NPS can do to alter marine condstitmowever a discussion of the marine
resource and likely climate change impacts is presented here to assist amtfstyppaesearch and
monitoring efforts.

5.3.1. Sea Surface Temperatures

Nearshore marine systems are vulnerable to increasing ocean temperatures (Okey et al. 2012, Doney
et al. 2012)Though the processes are complex, in general average sea surface teesparamund

the globe are increasing coincident with atmospheric wayifidoney et al. 2012). Estimates are that

from 1995 2008the temperature of the up&B00 ft 700 n) of water in global oceans increased by
approximately0.4°F/ 0.2°C (Howard et al. @13). Further increases in SST could exacerbate global
climate changéy adding more C&xo the atmosphere through evaporation (Howard et al. 2013).
Increases in SST have the potential to alter existing ecosystems through numerous mechanisms
(Klinger et al 2005, Doney et al. 2012), and regional and local effects of SS€ases will vary

enormously across systems and species (Hazen et al. 2013, Greene et al. 2015).

The Pacific Northwest has experienced measurable increases in SST in recent yearsablgst not
during the winter 02013 2014a large mass of warm water, etadly referredtoadt he ,Bl ob 0
formed in the northern Pacific (PSEMP 2016). During the spring and summer of 2014 this warm
water spread across a large area, resulting in many areestetmperatures increased relative to
historic averages by more th@tF/4°C, surpassing previous high water temperature records
(Eisenlord et al. 2016, Peterson et al. 2016, PSEMP 2016). Future predictions are that SST will
continue to increase 8i 5°F/2i 3°C (Moore et al. 2015).

Important ecological effects @farmer ocean temperatures are anticipated and in many cases have
already been documented for the coastal regions of Puget Sound. Changes in prey availability for
pinnipeds and seabirds and fish (get al. 2011, Atcheson et al. 2012), survival, growtkl, an
distribution of salmonids (AbduAziz et al. 2011, Martins et al. 2012), reductions in shellfish
productivity (Huppert et al. 2010), and more frequent harmful algal blooms (HAB; Moore et al.
2015,Gobler et al. 2017) have been correlated with or tiexldgengly to increasing SST (TNC and
CIG 2016).

5.3.2. Ocean Acidification/Water Quality

As C(O, is added to the atmosphere, much of it is absorbed by seawater which causes pH levels of
ocean watert decline and waters to become more acidic (Byrne 2@&4cidity in the ocean

increases and pH declines, fewer carbonate minerals are available to organisms for skeletal and shell
development (Gruber et al. 2012, Hofmann et al. 2@dgause of theidependence on ac&bluble

calcium carbonate for shdiLilding, species most threatened by acidification of their nearshore

habitat include crabs, oysters, clams, barnacles, mussels, starfish, and even zooplankton (Busch et al.
2013).Anthropogenic oceaacidification also has direct physiological and behaVieifects on
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marine organisms, (Clements and Hunt 2015), for example increased CO2 has been shown to impair
sensory abilities of both prey and predator marine fish species (Cripps et al. 2011et &d2013).

Current estimates are that oceanic wataxetabsorbed approximately etingrd of the carbon that
has been released into the atmosphere over the last two centuries (Berman etldb&giil,
Guldberg et al. 2014PDne model predicts a medacrease in global surface ocean pH ranging from
0.1 to 02 units by 2050 (IPCC 2014). Other models suggest that the pH of surface oceans will
decrease by 0.3 to 0.4 units by the end of the century (Feely et al. 2008). Regional upwelling
dynamics driven byhe California Current naturally bring mo8@®, to PNW castal aread @chkar
2014, Reum et al. 20)dhowever, studies strongly indicate that hurosansed increases in
atmospheric€CO, have had a large role in increasing pH above historic levels (Dormby2€X12,
Gruber et al. 2012, Reum et al. 2014).

Acidification has already been documented in Puget Sound and on the Washington side of the
entrance to the Juan de Fuca Strait, with consequent changes in the marine faurom @vabtt

2008, Washington IBe Ribbon Panel on Ocean Acidification 2012). Reum €R@all4) found that
higher CQ levels in Puget Sound waters presently exist throughout the year. Specifically, minimum
values of CQat some Puget Sound sampling locations have increasedildyalim yn 1 (PSEMP
2016). In addition, this region of the noeastern Pacific is already @@ch as a result of upwelling

and other processes, so that uptake of additional atmospherigilC&ccur more rapidly near the
continentthanin the open ocean (Reumadt 2014). Advanced modeling exercises precichplex

Puget Sound food web responses to increasing ocean acidity based on general declines in all
calcifiers with both direct and indirect effects on multiple trophic levels (Feely et al. 2010, Busch et
al. 2013).

5.3.3. Sea Level Rise and Storm Dynamics

Current Conditions

Climatedriven sedevel rise is threatening shoreline resources worldwide and along the eastern
Pacific coast (Huppert et al. 2010, Dalrymple et al. 2012, IPCC 2014). (Sea level risesaigeat
potential to damage and destroy crdtuesources, however, possible impacts to cultural resources
from sea level rise and changing storm/wave dynamics are not addressed here.) In the Puget Sound
region, local factors that influence sea levelude subduction of tectonic platessidualisostatic

rebound (rising of the continent following ice sheet retreat; Verdonck 2006), oceanic and coastal
winds, and local atmospheric pressure patterns (Canning 2005, Johannessen and MacLennan 2007,
Mote etal. 2008 MacLennan et al. 201%weet and Park014).

Shoreline flooding is a periodic natural process that can originate from upland rainfall, storm surges
and high tides, and that often provides important nutrients to riparian and coastal systems.
Detrimental impacts of flooding and coastal storndude increased erosion, structural damage,
impaired water quality, and loss of habitat and direct mortality to species that are already under stress
or at low numbers (Erwin 2009. Atkinson et al. 201®) specific interest for this assessment is the
potential for more frequent and/or intense flooding events on SJI due to climate change and rising sea
levels.
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Future Conditions

It is anticipated that the shoreline configuration of coastlines in Puget Soumthavibe as sea levels
rise and storm eventsdrease in frequency and intensity (Huppert et al. 2010). The extent of-tidally
influenced areas will also change, and there may be an increase in some areas while other sites are
lost (TNC and CIG 2016) houch rising sea levels are somewhat mediatederPNW as this

region continues to experience uplift following the release of glacial pressure during the ice age,
predictions are strong that rising sea levels will be greater than increases in land etereattbe

next century (Dalrymple et al. 2012pHKar et al. 2013). Rising sea levels will likely impact beaches
through sand erosion, sea cliff retreat, increased floq&HB§IA 2016)and salinity intrusion (Craft

et al. 2009, TNC and CIG 2016), and wilfedt lagoons and other nearshore systems wdpeeies
have adapted to historic tidal processes and water levels (Johannessen and MastlanA@,

Cheng et al. 2015).

By the year 2100 estimates are that global sea levels will rise beti2@im 71 58 cmdepending

on emission scenario (Slangdraé 2012) or perhaps even higher (Cayan et al. 2009). A report by
the National Academy of Sciences (NAS 2012) projects sea level rise for the coasts of California,
Oregon and Washington to be from 0/ m (IPCC A1B scenarid® Moderate) to B ft/0.5m

(IPCC A1F1 scenario High) by 2050. In Seattle sea level rose approximately 8 incheslfeogi
2008(TNC and CIG 2016), though sea level rise at the NOAA Friday Harbor sea level station from
1934 to 2006 eeraged a relatively moded105 in/1.13 mm peyear (Canning 2005). If this trend
continues at the same pace, the local increase over the coming 100 years may be just 4.54 inches
(NOAA 2010).

5.4. Natural Resources Management

5.4.1. Adaptive Restoration

At least three major implicains for management derive from this assessment. First, though
restoration efforts have resulted in much success related to conserving and expanding rarskand at
communities, moreouldbe done to adapt restoration methadseisponse to new sciencecksed
efforts are currently underway to improve the ecological condition of the park's oak woodland and
prairie habitat using a variety of harois management techniques. By removing invasive plants to
establish weedree connetions with native herbaceswover that exists both within and outside the
park, managers will increase the chances of maintaining viable populations of rare species.

5.4.2. Increased Monitoring

Without expanding the monitoring of the condition of theksaresources especially thee with
greatest potential to be affected by park policies and manag&nientisk of damaging the park's
resources will increase, or at least, opportunities will be lost to understand many of the resources
sufficiently to recoer them to a more healthydsustainable state.

5.4.3. Human Impacts

More research and management efforild be directed toward monitoring and measuring the effects
of human activities on natural resources, particularly native wildlife species antivegpisint
communities. Foexample avian nest predators (e.g. common ra¥&ryus corax are attracted to
congregations of people such as at campgrounds, scenic pullouts, and picnic areas, resulting in
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greater raven abundance and reductions in prodiyotitzother bird species (Btzluff and

Neatherlin 2006). Unrestrained pets that inevitably accompany residential development near a park
can dramatically increase predation on songbird and small mammal populations within the park
(Calver et al. 2011)Additional attention to thesectvities and related impacts might increase the
likelihood of success for interpretive efforts that strive to reduce human/resource conflicts.
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Appendix A. Birds of SAJH

Table A-1. Landbird species observed during 5 years of systematic breeding-season surveys in San Juan Island National Historical Park's
American Camp (AC) and English Camp (EC) units, from Siegel et al. (2008, 2009), Wilkerson et al. (2010) and Holmgren et al. (2016).

Abundance/ Conservation | Trend/EBird AC max | ECmax | Oak/Prairie |Habitat

Common Name NPSpecies |Residency” Status® records® countP count® | Associate® | Requirements

American Crow Yes Common/ T T 300 30 ) )
Breeder

American Golden- No i i i 4 0 i i

Plover

American Goldfinch Yes Common/ T T 600 5 T T
Breeder

American Pipit No i T i 12 0 T T

American Redstart No T ) T 0 1 ) )

American Robin Yes Abundant/ T T 25 85 T T
Breeder

Anna’'s Hummingbird No /Unknown T T 1 1 T T

Band-tailed Pigeon Yes Uncpmmon/ CcC/ T 1 1 T T
Resident

Barn Swallow Yes Common/ ) T 90 6 T T
Breeder

AlInformation from eBird database (www.ebird.org, accessed December 15, 2014) and landbird survey reports by Siegel et al. (2006, 2007, 2008,
2009),Wilkerson et al. (2010) and Holmgren et al. (2011, 2012, 2013)

BCC1 Climate Change Vulnerable (https://wa.audubon.org/conservation/climate); C i Candidate; T 1 Threatened; ST Sensitive; G i suggested by Cassidy
and Grue (2007) as being of conservation concern; 1-WDFW cavity nesting waterfowl; 2-alcid concentrations; 3-loon and grebe concentrations; 4-waterfowl
concentrations; 5-shorebird concentrations; A-Audubon Society of Washingtoni | mmedi at e Concerno

€ Only trends that have been published for species that occur within the park or nearby waters are shown (V i Vilchis et al. 2014; C i Crewe et al. 2012; A-
Altman 2011; B-Bower 2009;)

P Maximim/minimum count per survey point any year

E 1= obligate or near-obligate, 2= associated.
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Table A-1 (continued). Landbird species observed during 5 years of systematic breeding-season surveys in San Juan Island National Historical
Park's American Camp (AC) and English Camp (EC) units, from Siegel et al. (2008, 2009), Wilkerson et al. (2010) and Holmgren et al. (2016).

Abundance/ Conservation | Trend/EBird AC max | ECmax | Oak/Prairie |Habitat
Common Name NPSpecies | Residency” Status® records® count® | countP | Associate® [Requirements
Belted Kingfisher Yes Uncpmmon/ T T 2 3 T T

Resident
Bewick's Wren ves Uncommon/ i i 7 1 1 Nesting cavities/shrub

Breeder cover
Black Swift ves/ NA/NA T i 1* 0 T T

probable
Black-billed Magpie No i T i 1* 0 T T
Black-capped . . . . -,
Chickadee No i i I 1 0 1 Nesting cavities
Black-headed Yes Rare/Breeder | i 1 1 1 i
Grosheak
Declining (A)/N
Black-throated Gray Uncommon/ . eclining (A)/None
Yes i AC; Uncommon 1 8 1 Large patches
Warbler Breeder
EC

Bobolink No T T T 1 0 T T
Brewer's Blackbird Yes common/ T T 1 1 T T

Breeder

Common/ . . .
Brown Creeper Yes CC/ I 4 9 I I

Breeder

AlInformation from eBird database (www.ebird.org, accessed December 15, 2014) and landbird survey reports by Siegel et al. (2006, 2007, 2008,
2009),Wilkerson et al. (2010) and Holmgren et al. (2011, 2012, 2013)

BCC 1 Climate Change Vulnerable (https://wa.audubon.org/conservation/climate); C 1 Candidate; Ti Threatened; S1 Sensitive; G T suggested by Cassidy
and Grue (2007) as being of conservation concern; 1-WDFW cavity nesting waterfowl; 2-alcid concentrations; 3-loon and grebe concentrations; 4-waterfowl
concentrations; 5-shorebird concentrations; A-Audubon Society of Was hi ngt on Al mmedi ate Concerno

€ Only trends that have been published for species that occur within the park or nearby waters are shown (V i Vilchis et al. 2014; C i Crewe et al. 2012; A-
Altman 2011; B-Bower 2009;)

P Maximim/minimum count per survey point any year

E 1= obligate or near-obligate, 2= associated.
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