Chapter 4: Coastal Issues
Summary
Oregon’s coastline is expected to face greater coastal flooding and erosion hazards as sea
levels rise. At Newport, sea level is projected to rise by 12 to 47 inches under the high
emissions pathway by the end of the 21st century. Such sea levels would place thousands
of people and homes, and over 100 miles of roads, in Oregon at risk of inundation from
annual flood events that reach four feet above high tide. Multiple changes in the ocean
environment—warmer temperatures, less oxygen, greater ocean acidity—are expected to
result in substantial ecosystem shifts in Oregon’s coastal waters. Ocean acidification is
already affecting Oregon, caused in part by increasing greenhouse gas concentrations.

Introduction
The ocean, often overlooked, in fact bears a great burden due to global climate change.
The ocean retains the majority of the extra heat trapped by the Earth due to extra
greenhouse gases emitted by the burning of fossil fuels. It receives half of the extra water
that melts from ice on land. It absorbs nearly one-third of the extra carbon dioxide
emitted to the atmosphere. But, bearing this burden comes at a cost. Warmer
temperatures can alter ecosystems; more water raises global sea levels; more carbon
dioxide acidifies the ocean (Stocker, 2015). These effects, already seen in Oregon, are
projected to increase in the future, likely threatening coastal habitats, food supply,
economic livelihood, and development.

Sea level rise
Changes in global sea levels occur due to ocean thermal expansion, glacier and ice sheet
mass loss, and land water storage. Regional and local sea levels on the Pacific
Northwest’s coast are governed by the global mean sea level, but also by natural
variability (El Niño–Southern Oscillation affects ocean currents and wind fields), by
vertical land motions from subducting ocean plates, and by post-glacial isostatic
adjustment (Reeder et al., 2013).
Past Trends
Global mean sea level rose about 7.5 inches during 1901–2010. Of that rise, 75% since
the 1970s was due to melting glaciers and thermal expansion of sea water (IPCC, 2013).
Sea level rise has been accelerating: most analyses suggest that global mean sea level
rose at a rate of 1.7 mm/year during 1901–2010, 2.0 mm/year during 1971–2010, and 3.2
mm/year during 1993–2010 (IPCC, 2013). However, a recent reanalysis of global sea
level rise suggests that sea level rise rates during 1901–1990 were smaller (1.2 mm/year)
than previous estimates, bringing it in line with the sum of contributions from glacier
and ice sheet mass loss, ocean thermal expansion, and changes in land water storage
during that period (Hay et al., 2015). These adjusted estimates in sea level rise imply
even greater acceleration in recent decades. Trends in global and regional sea level
changes beyond natural variability are now detectable. At a minimum, anthropogenic sea
level rise very likely contributed about 1 mm/year to global sea level rise during 1880–
2002, or more than half the observed trend (Becker et al., 2014). There is, however,
regional variability; the minimum anthropogenic sea level change signal at Seattle
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during 1899–2012 was only 15% of the observed trend (Becker et al., 2014). In parsing
out the contributions to global and regional sea level change as detected by satellite
altimetry and gravity observations, one study found that sea level during 2002–2014
along the West Coast changed very little, with the cooling ocean trend (lack of thermal
expansion) balancing contributions from melting ice sheets and glaciers (Rietbroek et
al., 2016). However, local tectonics was not accounted for in this study but is important
for local sea level analysis.
Future Projections
Global mean sea level is expected to continue to rise throughout this century at a faster
pace than observed over the past several decades (IPCC, 2013). Under the high emissions
pathway (RCP 8.5), sea levels will likely rise by 17.7–32.3 inches between the periods
1986–2005 and 2081–2100, and this rise will vary across regions (IPCC, 2013). Loss of
the West Antarctic ice sheet would result in much higher sea level rise estimates than
these (Clark et al., 2016; DeConto and Pollard, 2016; Hansen et al., 2016). In a large
ensemble of simulations coupling climate and ice sheet dynamics, the West Antarctic Ice
Sheet is projected to collapse within 250 years for the high emissions pathway (RCP8.5)
and within 500 years for the low emission pathway (RCP4.5), contributing about 30.3
inches and 12.6 inches of global sea level rise by 2100, but 40.4 feet and 16.4 feet by
2500, respectively (DeConto and Pollard, 2016).
Local sea level change projections for the West Coast from the National Research
Council 2012 report were quoted in the previous Oregon Climate Assessment Report
(Reeder et al., 2013). Based on the range of the previous generation of models (CMIP3)
and scenarios (SRES), local sea level at Newport, Oregon, relative to the year 2000 was
projected to change -1.4 to +8.9 inches by the 2030s, -0.8 to +18.9 inches by the 2050s,
and +4.6 to +56.1 inches by 2100 (Reeder et al., 2013). Local sea level change projections
from the latest generation of models (CMIP5) and scenarios (RCP), taking into account
glacial isostatic adjustment, tectonics, and other non-climatic local effects for gages in or
near Oregon, are shown in figure 4.1 and listed in table 4.1 (see Chapter 2 for a
description of scenarios). These local projections correspond to “very likely” (90%
probability range) global sea level projections between 2000 and 2100 of 15.7 to 35.4
inches under the low emission pathway (RCP 4.5) and 19.7 to 47.2 inches under the high
emissions pathway (RCP 8.5) (Kopp et al., 2014).
Table 4.1 The 90% probability range of local sea level change projections across the low (RCP
4.5) and high (RCP 8.5) emissions pathways for each time period in inches (Data source:
Kopp et al., 2014)

Toke Point
Astoria
South Beach
Charleston
Port Orford
Crescent City

	
  

2030
1.2–5.1
<0–3.9
2.8–7.1
1.2–5.5
1.2–5.9
-0.4–3.9

2050
2.8–11.8
0.8–9.8
5.9–15.0
3.1–12.6
3.1–12.6
0.4–9.4
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2100
5.9”–40.2”
2.4–35.8
12.2–46.5
6.7–41.7
6.7–42.5
0.8–36.6

Figure 4.1 Median sea level projections in inches for Oregon Coast locations for a low (RCP 4.5,
top bar) and a high (RCP 8.5, bottom bar) emissions pathway for 2030, 2050, and 2100.
(Figure source: Meghan Dalton; data source: Kopp et al., 2014)
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Extreme storms and wave climate
Tall waves, intense storms, and El Niño–Southern Oscillation (ENSO) events can
combine with sea level rise to produce coastal erosion and inundation hazards (Reeder et
al., 2013). During El Niño events the Pacific Northwest’s coast can experience elevated
sea levels, but both the top six El Niño and top five La Niña events during 1979–2016
amplified coastal erosion and wave energy in the Pacific Northwest (Barnard et al., 2015,
2017). If ENSO becomes more extreme (see Chapter 2), coastal erosion may increase in
the future irrespective of sea level rise (Barnard et al., 2015).
Upward trends were seen in storm frequency and intensity during the cold season
across the Northern Hemisphere since 1950, but these trends were significant only in
some areas and not off the Pacific Northwest’s coast (Vose et al., 2014). Twenty-first
century projections of changes in storm intensity are still inconclusive, although storm
tracks are expected to shift slightly poleward (Vose et al., 2014).
Wave heights have increased in the northeast Pacific over the past several decades
(Reeder et al., 2013), as have extreme wave events (Bromirski et al., 2013); such waves
have been largely responsible for recent increases in coastal flooding and erosion
(Ruggiero, 2013). However, attributing increasing wave heights to climate change may
not be possible until the second half of the 21st century because natural variability is
quite large (Dobrynin et al., 2014). Future projections of average and extreme wave
heights along the West Coast are mixed (Erikson et al., 2015; Wang et al., 2014) as they
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rely on predictions that are difficult to make about extratropical storms and extreme
winds (Vose et al., 2014).

Coastal Hazards Vulnerability
In US coastal communities, more than 2.2 million people currently live in areas within
reach of the mean highest high tide projected for 2100 if global sea levels rise 35.4 inches
(Hauer et al., 2016). In Oregon, more than 7,400 people currently live in this inundation
zone, but accounting for population growth could place more than 12,700 people at risk
by 2100 (Hauer et al., 2016). Nuisance flooding events, in which water levels exceed local
thresholds for minor impacts, are also projected to increase, placing even more people
and property at risk of frequent inundation. In Seattle, for example, the projected likely
range of local sea level rise of 19.7–35.4 inches by 2100 (Kopp et al., 2014) would result
in 30 nuisance flooding days per year by the 2040s or 2050s (Sweet and Park, 2014).
Coastal risk is amplified when considering other factors that influence extreme sea
levels, such as storm surge, sea level anomalies, and intense rainfall (Serafin and
Ruggiero, 2014; Wahl et al., 2015). Accounting only for changes in mean sea level, for
example, may be inadequate for ensuring that coastal infrastructure projects remain safe
for the lifetime of the structure (Wahl and Chambers, 2015).
By 2100, assuming median local sea level projections under the high emissions
pathway (RCP 8.5) of 18.9, 29.1, and 24 inches for Astoria, South Beach, and Charleston
(fig. 4.1) (Kopp et al., 2014), respectively, there is a 70%, 100%, and 86% risk of at least
one flood per year reaching 4 feet above the current high tide line (Strauss et al., 2014).
At this level, 6118 people, 3346 homes, $779 million in property value, 138 miles of
roads, 15 sewage plants, and 110 square miles of land would be at high risk of annual
flooding in Oregon by 2100 (Strauss et al., 2014). Figure 4.2 breaks these numbers down
by county.
Globally, under 9.8–48.4 inches of global mean sea level rise, 0.2–4.6% of the
population would experience annual flooding leading to losses of global gross domestic
product of 0.3–9.3% by the end of the 21st century (Hinkel et al., 2014). The adaptation
cost of protecting coasts is estimated to be $12–$71 billion per year, a much lower total
than the cost of avoided damages (Hinkel et al., 2014). In the United States, the total cost
of adaptation (including armoring, nourishment, abandoned property, and elevating)
increases when considering storm surge on top of sea level rise and is estimated to range
from $930 billion to $1.1 trillion through 2100 under a very high emissions pathway
(REF 10). Low (POL 4.5) and very low (POL 3.7) emissions pathways have the potential
to lower this cost by $84–$140 billion (Neumann et al., 2015). In Oregon, the cost of
adaptation to sea level rise and storm surge may be on the order of $1.5 billion through
2100; consideration of storm surge makes little difference for Oregon (Neumann et al.,
2015), but adding wave climate variability might.
Perhaps the greatest coastal hazard facing the West Coast this century is the
possibility of a large magnitude Cascadia Subduction Zone earthquake. The latest
estimate gives a 16–22% chance of a magnitude 8 or higher earthquake off the central
and northern Oregon coast in next 50 years (Goldfinger et al., 2016). Should the
earthquake and subsequent tsunami occur, significant loss of life and profound damage
to coastal development and infrastructure is anticipated (Oregon Natural Hazards
Mitigation Plan, 2015).
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Figure 4.2 Exposure of assets below 4 feet above mean high tide level in Oregon
http://riskfinder.climatecentral.org/state/oregon.us?comparisonType=county&forecastType=NRC_Mediu
m&level=4&unit=ft

	
  

Ocean acidification and hypoxia
The world’s oceans have absorbed about a third of the carbon dioxide (CO2) emitted as a
result of human activity. Absorption of this CO2 has led to increased ocean acidity, a
fundamental shift in ocean chemistry that is a growing concern for coastal ecosystems
and the people that depend on them. The West Coast Ocean Acidification and Hypoxia
Science Panel recently issued a scientific consensus report on the state of ocean
acidification and hypoxia along the West Coast and recommended actions for managing
and reducing their effects (Chan et al., 2016). Ocean acidification and hypoxia tend to cooccur, as they are both driven by increased atmospheric CO2 levels and local nutrient and
organic carbon inputs, and together they comprise a challenge that can be managed
synergistically (Chan et al., 2016).
Ocean acidification (OA) is often expressed in terms of a decrease in pH or increase
in acidity. OA also reduces the concentration of carbonate ions, which impairs the ability
of calcifying organisms, such as oysters and crabs, to build shells. By 21st century’s end
assuming the current rate of global CO2 emissions, the surface ocean’s average acidity is
expected to double (Chan et al., 2016). But although it negatively affects some
physiological processes, pH may not be the most useful number by which to monitor the
biological effects of OA, particularly on calcifying organisms (Chan et al., 2016;
Waldbusser et al., 2015). Furthermore, biologically-relevant thresholds of mineral
carbonate saturation state are expected to be crossed much sooner than pH thresholds
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for some organisms (Waldbusser et al., 2015). Even before it declines enough to corrode
calcium carbonate shells, a lowered carbonate saturation state can “make it more
difficult and energetically costly for larval bivalves to build shells” (Waldbusser et al.,
2015). Reductions in calcifying organisms at the base of the marine food web could have
cascading effects on higher trophic marine fish, birds, mammals, and the people who rely
on this resource. In a simple projection of ocean water saturation state changes, the
mean annual surface seawater aragonite saturation state off the Oregon coast is
projected to reach a threshold known to disrupt calcification and development in larval
bivalves by the 2030s (Ekstrom et al., 2015). However, the West Coast has already
reached a threshold and negative impacts are already evident, such as dissolved shells in
pteropod populations (Feely et al., 2016) and impaired oyster hatchery operations
(Barton et al., 2012) (see box 4.1). Furthermore, 60% of the dissolved inorganic carbon
in surface waters off Oregon’s coast in 2013 is attributed to increasing greenhouse gas
concentrations (Feely et al., 2016).
Hypoxia—low oxygen levels—tend to accompany high ocean acidity, and the
combined effects can be worse than the effects either of hypoxia or acidification
independently (Chan et al., 2016). Hypoxic waters along the West Coast have expanded
upward into shallower depths and are already affecting marine ecosystems (Somero et
al., 2016). Natural climate variability exercises strong control on dissolved oceanic
oxygen levels, but detection of a deoxygenation trend beyond natural variability may be
possible by the 2030s and 2040s in the north Pacific Ocean and along the US West Coast
according to earth system modeling results (Long et al., 2016).
The West Coast of North America is one of the first places in the world to experience
severe environmental, ecological, and economic consequences of OA and hypoxia largely
due to the naturally occurring CO2-enriched, low-oxygen deep water that wells up along
the continental shelf of the West Coast (Chan et al., 2016). How the region manages
these ongoing changes will likely influence management choices of other coastal regions
of the world. OA is a global problem, and reducing global levels of CO2 emissions will be
the most effective strategy to lessen the effect of OA (Chan et al., 2016). However, better
management of local nutrient and organic matter inputs to the coastal environment can
lessen exposure to OA where those local stressors are having impacts. Furthermore,
managing ecosystems to increase resilience—the ability to withstand impacts—to OA
represent an important path for local adaptation actions. Time is of the essence because
delayed action will reduce management options in the future and more greatly diminish
ecosystem services (Chan et al., 2016).

Ocean temperature
Most of the greenhouse-gas-driven warming of the Earth since the late 18th century has
occurred in the ocean, consistent with previous interglacial warming periods (Rosenthal
et al., 2013). Since 1970, more than 90% of the extra heat taken up by the Earth has
accumulated in the ocean (Gleckler et al., 2016). Ocean warming is accelerating,
particularly in the deep ocean: half of the increase in ocean heat content since the late
18th century occurred in recent decades (Gleckler et al., 2016). By absorbing vast
amounts of heat, the deep ocean provides a buffer to greenhouse gas warming
experienced by land ecosystems, but at the cost of highly vulnerable biodiversity in ocean
ecosystems (Levin and Bris, 2015).
There is, however, considerable regional variability in ocean temperature trends as
ocean currents redistribute heat throughout the world ocean. Surface waters off the West
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Coast have warmed and are expected to continue warming in the future; however, there
will continue to exist large annual variability via seasonal upwelling and interannual
variability from ENSO-related changes in wind patterns (Reeder et al., 2013).

Coastal Upwelling
Coastal upwelling in the California eastern boundary upwelling system, which runs along
the West Coast from Victoria to Baja, occurs during the spring and summer when the
wind predominately blows southward and interacts with the Earth’s rotation to push
surface waters offshore, allowing cold, nutrient-rich waters at depth to well up toward
the surface, spurring productivity that supports the marine food web. Observed evidence
suggests that upwelling-favorable winds have intensified in the California upwelling
system over the past 60 years (Sydeman et al., 2014). However, the majority of climate
models project future weakening of upwelling-favorable winds along the California
upwelling system by the end of this century under a high emissions pathway (RCP 8.5)
(Rykaczewski et al., 2015). This projection is in contrast to a projected intensification of
upwelling-favorable winds in other eastern boundary upwelling systems of the world.
Theory suggests that upwelling in eastern boundary currents would intensify under
climate change due to strengthening ocean high-pressure systems and greater relative
warming over the land than over the ocean, which could produce upwelling-favorable
winds locally, although there will continue to be large year-to-year variability in
upwelling (Bakun et al., 2015). The lack of upwelling intensification projected for the
California upwelling system suggests that other regional controls are at play (Wang et al.,
2015). If upwelling does intensify, the cooler waters could potentially counteract the
effects of habitat warming; however, that water would likely be more acidic and with less
oxygen (Bakun et al., 2015).

Impacts to Marine & Coastal Ecosystems
Ocean acidification (OA)—decreasing pH, increasing partial pressure of CO2 dissolved in
water (pCO2), and decreasing aragonite saturation—in combination with changes in
ocean temperature and dissolved oxygen levels will have varying effects on the
physiology of marine species from the microscopic plants and bugs (i.e., plankton) at the
base of the marine food web to shellfish, fish, and larger mammals, leading to substantial
and potentially irreversible changes in marine ecosystems species assemblages (Somero
et al., 2016; Wittmann and Pörtner, 2013). Such ecosystem shifts will likely affect the
coastal economy and the communities that rely on traditional coastal resources. In
Oregon, commercial fishing and seafood manufacturing accounted for 0.2% of Oregon
jobs and $614 million in sales in 2013 (Sorte et al., 2016). The range of organisms for
which evidence of sensitivity to OA exists has continued to grow, but more research is
still needed to understand the complex interactions and outcomes of multiple changing
stressors on multiple interconnected species within the marine environment (Busch and
McElhany, 2016).
Phytoplankton
Warmer oceans will likely alter the metabolic functioning of some phytoplankton
(Toseland et al., 2013), and OA is expected to favor some types over others (Eggers et al.,
2014). The thousands of phytoplankton species at the base of the marine food web will
likely each respond a little differently to these climate stressors spurring competition
among species and resulting in substantial changes in phytoplankton community
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composition (Dutkiewicz et al., 2015). This in turn would lead to the alteration of ocean
biogeochemical nutrient cycling, with cascading effects on the marine food web as
different phytoplankton types perform different and essential functions.
Zooplankton
Pteropods—tiny sea snails with aragonite shells that serve as a major food source for
many commercially important fishes (Somero et al., 2016)—are strong indicators of the
cumulative effects not only of OA, but also of warming and of declining oxygen levels
(Bednaršek et al., 2016). Suitable habitat for pteropods is already declining off the West
Coast (Bednaršek et al., 2014). OA, by increasing the extent of aragonite
undersaturation, has already increased severe pteropod shell dissolution incidences
along the West Coast compared with pre-industrial conditions (Bednaršek et al., 2014;
Feely et al., 2016). By mid-21st century such dissolution incidences are expected to triple
(Bednaršek et al., 2014). Such impacts to pteropods will alter available food sources for a
number of commercially-important species of fish along the West Coast (Somero et al.,
2016).
Invertebrates
OA threatens the growth and survival of most classes of shell-forming invertebrates,
including bivalves and crabs, although some are more sensitive than others, and
sensitivity varies among species (Busch and McElhany, 2016). During the larval stage,
bivalves—clams, mussels, oysters—are highly sensitive to reduced carbonate saturation
during the crucial hours or days in which initial shells are formed (Waldbusser et al.,
2015). Changes in pH and pCO2 can also affect invertebrate physiology (Somero et al.,
2016). Cephalopods (e.g., octopus, squid) that spend time in both shallow oxygen-rich
water and deep oxygen-poor waters are generally considered tolerant of increasing pCO2,
as they can tolerate a wide range of water chemistry conditions, but this tolerance varies
with water temperature (Doubleday et al., 2016; Somero et al., 2016). In addition, other
classes of squid may be more sensitive to declining ocean pH (Busch and McElhany,
2016).
Fishes
Fishes will exhibit varied responses to changing water conditions (e.g., temperature, OA,
hypoxia, food source) depending on differences in vulnerability and adaptive capacity
(Pörtner et al., 2014). Increases in pCO2 has been found to be a relevant indicator for
many fish: higher pCO2 affects fish behavior and their ability to navigate (Chan et al.,
2016), with little capacity for some fish to acclimate (Welch et al., 2014). The eggs and
larvae of some north Pacific commercial flatfish species are also affected by elevated CO2
levels (Hurst et al., 2016). OA and hypoxia can also affect the metabolism of fish species;
slow swimming and larval stages are particularly vulnerable, as they are less able to
move away from such impaired conditions (Somero et al., 2016).
For salmon, warmer ocean waters could alter their ranges and migration, could lead
to thermal stress and susceptibility to disease and predation, and could increase
stratification that would change the habitat structure and reduce food supply
(Wainwright and Weitkamp, 2013). During warmer Pacific ocean regimes when food
availability is generally lower, returning Chinook salmon (Oncorhynchus tshawytscha)
were smaller and fewer, but they appeared to need to eat more in order to maintain
energy to forage for the lower food availability (Daly and Brodeur, 2015). Increases in
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ocean acidity would also disrupt food supply and shift the ecosystem, while changes in
upwelling could result in greater nutrients but a desynchronization between food supply
and arrival to the ocean (Wainwright and Weitkamp, 2013).
As temperatures warm, the range of many marine fishes is projected to shift
poleward in the northeast Pacific, and an influx of warm water species along the Oregon
coast is expected (Cheung et al., 2015). Species assemblages are projected to change,
potentially resulting in mis-matches between co-evolved species, which could cause
cascading effects up the marine food web and a shifting of traditional fishing grounds
(Cheung et al., 2015). Declines in northeast Pacific fisheries catch is projected under
climate change; however, poleward range shifts may open new recreational and
commercial fishing opportunities (Weatherdon et al., 2016a).
Indigenous fishing communities are particularly vulnerable as climate change has the
potential to reduce their capacity to harvest traditional marine resources for their
economic and cultural livelihood (Weatherdon et al., 2016a). Ranges of the many
commercially and culturally important marine fishes for First Nations in coastal British
Columbia are projected to shift north by about 6–112 miles per decade by 2050, with
accompanying projected declines in abundance of -15% to -21%, with the greatest
impacts toward the south (Weatherdon et al., 2016b). Under such projections, catch
potential is expected to decline for most commercial fisheries, leading to revenue
reductions of 16% to 29% by 2050 (Weatherdon et al., 2016b).
Mammals
Climate change is likely to impact marine mammals indirectly through alteration in food
availability and prey communities over time (Okey et al., 2014). For example, migrating
Humpback whales seem to be spending more time in Arctic ice-free waters where the
warmer waters appear to be benefitting krill blooms (Groc, 2016). Such indirect
responses are potentially long-lasting, but difficult to predict (Sydeman et al., 2015).
Estuaries
Oregon’s estuaries are crucial habitat for many species, including juvenile salmon and
shellfish larvae. West Coast estuarine managers are most concerned about how sea level
rise and OA will affect conservation of tidal wetland habitat and threatened species
(Thorne et al., 2016). Climate change is expected to alter estuarine habitat through
changes in sea level, OA, water temperature, upwelling, freshwater runoff, and
sedimentation. Higher sea levels would reduce wetland habitat for salmonid, and
warmer waters would increase thermal stress and susceptibility to disease and predation
(Wainwright and Weitkamp, 2013). In the Tillamook Bay estuary, for example, changes
in relative sea level, wind, waves, and freshwater input were projected to result in higher
total water levels everywhere, with some areas more exposed than others (Cheng et al.,
2015). Increases in coastal marsh vegetation due to fertilization by increasing CO2 may
provide some resilience to relative sea level rise inundation (Ratliff et al., 2015). In the
Yaquina Estuary at Newport, a 5.4°F increase in air temperature was projected to result
in 1.3–2.9°F warming in the estuarine waters, with the upper portion experiencing up to
40 more days not meeting water temperature criteria for the protection of rearing and
migrating salmonids (Brown et al., 2016).
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Box 4.1: West Coast Shellfish Industry Adapting to Ocean
Acidification
Oregon’s coastal waters are highly exposed to global ocean acidification (OA). Already,
naturally occurring deep acidic waters upwell seasonally along the coast, which will be
amplified by additional absorption of atmospheric carbon dioxide (CO2) by the ocean.
The Pacific Northwest’s coastal waters are some of the first to experience the severe
impacts of OA, exemplified during the repeated production failures experienced by the
West Coast shellfish industry in the mid-2000s in which economic losses were
substantial (Chan et al., 2016; Mabardy et al., 2015). For example, overall production at
the Whisky Creek Shellfish Hatchery in Netarts Bay, Oregon, was 25% of normal in 2008
(Barton et al., 2015).
Shellfish production is important to the West Coast economy, including the northern
Oregon coast (Ekstrom et al., 2015). Oregon’s Whiskey Creek Shellfish Hatchery in
Netarts Bay is one of three major commercial hatcheries in the Pacific Northwest that
supplies shellfish larvae to the West Coast shellfish industry (Barton et al., 2015). In
Oregon, shellfish production in 2009 generated more than $3 million in sales (Barton et
al., 2015). For many Indigenous coastal communities, shellfish and traditional clam beds
are integral to their culture, economy, and diets (Weatherdon et al., 2016a).
In a 2013 survey of West Coast shellfish producers, the vast majority believed that
OA is occurring, more than 80% noted that OA will have consequences today, and about
half have already personally experienced its negative impacts (Mabardy et al., 2015).
More than half of West Coast shellfish producers in the 2013 survey felt they would be
able to adapt, at least in the short-term (Mabardy et al., 2015).
In response to OA impacts in the mid-2000s, the West Coast shellfish industry
partnered with academic researchers to understand and implement strategies to mitigate
OA effects (Barton et al., 2015). As a global problem, the long-term solution to ocean
acidification is global reductions in CO2 emissions, but until then local adaptation
measures will be necessary (Ekstrom et al., 2015). Adaptation strategies for the shellfish
industry have included: 1) monitoring water quality and understanding the influence of
water chemistry on shellfish production, 2) treating water to improve water chemistry
for production, 3) moving hatchery operations away from the highly exposed coastal
waters of the Pacific Northwest—to Hawaii in one case, and 4) an emerging strategy to
selectively breed for oyster strains more resistant to OA (Barton et al., 2015; Chan et al.,
2016). In addition, several coastal tribes in the Pacific Northwest are beginning to
investigate impacts and adaptation strategies of OA on their traditional shellfish
harvests, including the Confederated Tribes of the Siletz Indians on Oregon’s coast
(Kathy Lynn, pers. comm.).
“The Pacific Northwest shellfish industry cannot treat the entire coastal ocean, and
the general deterioration of coastal water quality is a pressing concern for the entire
industry” (Barton et al., 2015).
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