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@ Shoreline Habitats

Climate Change Vulnerability Assessment Synthesis for Kaua‘i

An Important Note About this Document: This document represents an initial evaluation of vulnerability
for shoreline habitats on Kaua‘i based on expert input and existing information. Specifically, the
information presented below comprises vulnerability factors selected and scored by habitat experts,’
relevant references from the literature, and peer-review comments and revisions (see end of document
for methods and defining terms). The aim of this document is to expand understanding of habitat
vulnerability to changing climate conditions, and to provide a foundation for developing appropriate
adaptation responses.

Habitat Description

Kaua‘i has 110 miles of shoreline (O’Connell 2010) featuring a variety of sub-habitats, including
rocky shoreline, steep sea cliffs, lava tubes/caves, sandy beach, sand dunes (e.g., Polihale
Dunes), and lithified sand dune coast (i.e. Maha‘ulepu; Vuln. Assessment Workshop, pers.
comm., 2017; Hawai‘i Department of Land and Natural Resources 2015). Depending on
location, conditions can be arid, mesic, or wet (Warshauer et al. 2009), and shoreline structure
and community composition are shaped by wind, waves, storms, and precipitation (Fletcher et
al. 2002; Warshauer et al. 2009). In general, Kaua‘i’s shorelines provide habitat for a variety of
wildlife, including terrestrial and aquatic invertebrates, migratory shorebirds, seabirds, and
nesting or basking marine species (Hawai‘i Department of Land and Natural Resources 2015).

Habitat Vulnerability

Shoreline hablta'ts on Kaua’ Overall Shoreline Habitats Rank Confidence
were evaluated in five sub-

groups: sandy beaches, sand Sensitivity High High

dunes, rocky shorelines, cliffs, | Future Exposure High Moderate
and'caves. Overall, shoreline Adaptive Capacity Low High
habitats were evaluated to — - -

have high vulnerability to Vulnerability High High

climate change due to high

sensitivity to climate and non-climate stressors, high exposure to projected future climate
changes, and low adaptive capacity. Sandy beach and sand dune habitats were evaluated to
have a high vulnerability to climate change due to high sensitivity to climate and non-climate
stressors, high exposure to projected future climate changes, and low-moderate (sandy beach)
and low (sand dune) adaptive capacity. Rocky shoreline and cliff habitats were evaluated to
have a moderate-high vulnerability to climate change due to moderate-high sensitivity to

! This information was gathered during a vulnerability assessment and scenario planning workshop in January 2017
(http://ecoadapt.org/workshops/kauaivulnerabilityworkshop). Further information and citations can be found in
the Hawaiian Islands Climate Vulnerability and Adaptation Synthesis and other products available online at
www.bit.ly/HawaiiClimate.
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climate and non-climate
stressors, high exposure
to projected future
climate changes, and
low-moderate adaptive
capacity. Cave habitats
were evaluated to have a
moderate-high
vulnerability to climate
change due to high
sensitivity to climate and
non-climate stressors,
moderate-high exposure
to projected future
climate changes, and low
adaptive capacity.

Climatic factors including
tropical storms, sea level
rise, and trade winds
significantly affect
sediment delivery
patterns and shoreline
vulnerability to erosion
and inundation,
potentially reducing
overall habitat
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Sandy Beach and Sand
Dune Habitats Rank Confidence
Sensitivity High High
Future Exposure High High
Adaptive Capacity Sandy Beach: Low- High
Moderate
Sand Dune: Low
Vulnerability High High
Rocky Shoreline and Cliff
Habitats Rank Confidence
Sensitivity Moderate-High High
Future Exposure High High
Adaptive Capacity Low-Moderate High
Vulnerability Moderate-High High
Cave Habitats Rank Confidence
Sensitivity High High
Future Exposure Moderate-High Moderate
Adaptive Capacity Low High
Vulnerability Moderate-High High

availability. Extreme precipitation events, streamflow, and riverine flooding also impact
sediment delivery, erosion, and inundation risk, but to a lesser degree. Shoreline habitats are
also sensitive to precipitation changes and drought, which affect vegetation communities and
habitat conditions (e.g., cave humidity). Non-climate stressors such as pollution, invasive
pathogens and parasites, recreation, and invasive vegetation can further alter shoreline
vegetative and faunal composition by disturbing, outcompeting, or causing mortality of native
species. Additionally, development and shoreline armoring eliminate shoreline habitat, prevent
landward migration in response to sea level rise, and often increase erosion.

The adaptive capacity of shoreline habitats is negatively affected by current habitat degradation
and alteration as a result of human activities. Shoreline species are typically adapted to variable
conditions, but human impacts undermine the natural ability of these habitats to cope with
changing conditions. Additionally, shoreline habitats host many endangered, threatened, and
climatically vulnerable species, reducing overall resilience. Some shoreline habitats are
protected and managed, and shoreline habitats are highly valued by the public and provide
many ecosystem services, which may increase overall management opportunities. However,
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managers lack funding and face challenges with private land ownership. Additionally, shoreline
habitats face continued use interests with development and military activities.

Sensitivity and Exposure

Climatic Factors and Disturbance Regimes

Shoreline habitats are sensitive to climatic factors that increase inundation and erosion and
alter sediment delivery, particularly sea level rise, wind, and tropical storms (Table 1). Extreme
precipitation events, streamflow, and riverine flooding also influence shoreline inundation and
erosion, but to a lesser degree. Increasing inundation and erosion are likely to alter overall
shoreline habitat availability, potentially reducing habitat area for valued wildlife and/or driving
shifts in community structure. Some shoreline habitats will also be affected by changes in
sediment delivery: caves are threatened by increasing siltation, while sandy beach and sand
dunes formation and position are affected by wave, wind, and riverine sediment transport.
Shoreline habitats are also sensitive to shifts in precipitation and increasing drought, which may
affect vegetative community structure, cave humidity, and habitat vulnerability to invasion and
wildfire.
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Table 1. Current and projected future trends in climatic factors and disturbance regimes, as well as their potential impacts on shoreline habitats.
This habitat is sensitive to the climatic factors and disturbance regimes listed below, and will likely be exposed to projected future changes in
them. Factors presented below were ranked as having a moderate or higher impact on one of more of the shoreline sub-habitats; additional
factors that may influence these habitats to a lesser degree include insects.

%%Adapt"

Climatic factors and disturbance regimes Sandy beaches, sand dunes, cliffs, caves: High impact (high confidence)

Rocky shorelines: Moderate-high impact (high confidence)

Tropical Historical and current trends Potential impacts on habitat
st?rms/ e Tropical storm frequency was particularly high from 1982— e Storms and extreme precipitation events can cause
hurricanes & 1995, but then decreased slightly from 1995-2000 (Chu 2002) flash flooding in coastal areas and increase runoff-
ex.trt‘eme' e Overall, tropical storm frequency increased slightly since 1966— related erosion (Fletcher et al. 2012)
preC/p/tc;t/on 1981 (Chu 2002) e Runoff, altered wave direction, amplified wave
events

energy, and winds associated with storms promote
shoreline inundation and accelerate shoreline
erosion (Fletcher et al. 2002, 2012)

Seasonal high waves and storms can drastically
alter sandy beach width and grade and can
expose and erode rocky shorelines; for example,
winter North Pacific swell impacts Kaua‘i’s north
shore, while Kona storm waves expose and
erode Kaua‘i’s south shore (Fletcher et al. 2002,
2012)

Summer storm wave impacts are typically lower
due to smaller wave size; impacts occur
primarily on south-facing shorelines (Fletcher et
al. 2002)

Hurricane-generated waves can be very large

e Onthe wet northern coast, slight increase in the intensity and
significant decrease in the frequency of extreme precipitation
events from 1950-2007; no change on the dry western coast
(no information on central Kaua‘i; Chu et al. 2010) o

Projected future trends

Tropical storm projections are highly uncertain because they are
influenced by large-scale patterns within the ocean and
atmosphere (Murakami et al. 2013). Extreme precipitation
projections are also highly uncertain because of the variability
associated with precipitation projections. Possible future scenarios o
include:
e Increased frequency and strength of tropical storm activity
around the Hawaiian Islands due to a northwest shift in storm
track and increased strength because of large-scale changes in o

environmental conditions (Murakami et al. 2013)

Reduced frequency of extreme precipitation events by 2100,
particularly in dry areas (Elison Timm et al. 2011, 2013)

Little to no change in the frequency of extreme precipitation
events by 2100 (Takahashi et al. 2011)

Significant increase in extreme precipitation events by 2100

and destructive, causing erosion, overwash, and
inundation, particularly when combined with
storm surge and high tides (Fletcher et al. 2002)
=  For example, southern Kaua‘i experienced
inundation up to 300 m (984 ft) inland as a
result of Hurricanes lwa and Iniki (Fletcher
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(Zhang et al. 2016)

et al. 2002)

o Low-gradient, narrow beaches are particularly
vulnerable to storm-related inundation
(Fletcher et al. 2012)

Wind and wave events associated with storms can
damage or kill coastal vegetation (Warshauer et al.
2009; U.S. Fish and Wildlife Service 2016) and/or
alter coastal vegetative community composition by
changing soil salinity and moisture (Warshauer et al.
2009)

Altered storm frequency and intensity could increase
rocky shorelines (i.e. turtle basking habitat) but
decrease sandy beaches (i.e. turtle nesting habitat;
Vuln. Assessment Workshop, pers. comm., 2017)
Increased wave action as a result of storms may alter
rocky shoreline community structure and
biodiversity, favoring filter feeders and predators
and reducing abundance of grazers and macroalgae
(Thompson et al. 2002)

Storms may increase mortality and cause extirpation
of cave communities via flooding and/or affect cave
food resources by removing vegetation (U.S. Fish and
Wildlife Service 2006)

Sea level rise

Historical and current trends

At Nawiliwili station, sea levels rose an average of 1.52

mm/year (0.06 in) from 1955-2016 (equivalent to a change of
0.15 m [0.5 ft] in 100 years; NOAA/National Ocean Service

2017)

Rising sea levels over the past century have accelerated beach
erosion across the Hawaiian Islands (Fletcher et al. 2012)

Kaua‘i beaches eroded by an average of 0.11 m/year (0.36 ft)
across all beaches, with 71% of beaches eroding since the early
1900s; in that time, 8% of total beach length (6 km [3.73 miles])

Potential impacts on habitat

Rising sea levels enhance shoreline erosion (Romine
et al. 2013) by increasing wave energy reaching the
shore (Fletcher et al. 2012; Anderson et al. 2015) and
increasing the reach of high wave events, storms,
and extreme tides (Fletcher et al. 2012; Eversole &
Andrews 2014)

By increasing erosion and altering sediment delivery
dynamics from fringing reefs, sea level rise may
reduce overall sandy shoreline habitat availability
(Anderson et al. 2015; U.S. Fish and Wildlife Service
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was completely lost to erosion and is now seawalls (Romine &
Fletcher 2012)

Sea level rise has contributed to both marine inundation (i.e.
flooding in areas with a direct hydrological connection to the
ocean) and groundwater inundation (i.e. flooding in areas with
an indirect hydrological connection due to elevated water
table; Rotzoll & Fletcher 2013)

Projected future trends

There is high certainty that sea levels will continue to rise at
increasing rates, but the magnitude and timing of change is less
certain. Possible future scenarios include:

By 2100, global sea level will likely rise between 0.3 to 2.5 m
(0.98 to 8.2 ft); relative sea level may be higher in the Hawaiian
Islands compared to global levels, ranging from 0.4 to 3.3 m
(1.3 to 10.8 ft; Sweet et al. 2017)

Sea level rise will contribute to increased saltwater intrusion,
shoreline loss, marine inundation, and groundwater inundation
(Ferguson & Gleeson 2012; Cooper et al. 2013; Rotzoll &
Fletcher 2013; Kane et al. 2015)

Historical rates of beach erosion on Kaua‘i are likely to double
with sea level rise by mid-century; 100% of beaches are likely to
be eroding by 2050 (Anderson et al. 2015)

No projections are available for coastal flooding

2016), particularly if these habitats are unable to
migrate landward (University of Hawai‘i Sea Grant
College Program 2014; Kane et al. 2014)

Sea level rise will enhance shoreline inundation
(Rotzoll & Fletcher 2013); low-lying, low-gradient
shorelines (e.g., rocky and sandy beaches) are most
vulnerable, while rocky bluffs and headlands are less
vulnerable to inundation (Fletcher et al. 2002)

Sea level rise may alter overall rocky shoreline
habitat availability, which could contribute to shifts
in community structure (Thompson et al. 2002)

Sea level rise may alter tide pool species composition
and distribution by altering habitat availability,
connectivity (including sub-tidal connectivity), and
wave exposure (Cox et al. 2011)

Sea level rise may reduce beach haul-out habitat for
‘llio-holo-i-ka-uaua (Hawaiian monk seals;
Neomonachus schauinslandi; Baker et al. 2006),
nesting and basking habitat for honu (green sea
turtles; Chelonia mydas) and honu‘ea (hawksbill sea
turtle; Eretmochelys imbricata), and seabird nesting
habitat (Hawai‘i Department of Land and Natural
Resources 2015)

Sea level rise may reduce intertidal foraging
opportunities, affecting bird populations (Kane et al.
2014) and human foraging opportunities (e.g., for
limu [seaweed]; Vuln. Assessment Reviewers, pers.
comm., 2017)

Geographic variation

Maha‘ulepu Cave is particularly vulnerable and hosts
the cave wolf spider (Adelocosa anops) (Vuln.
Assessment Workshop, pers. comm., 2017)
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Potential refugia

Sand dunes may become sandy beaches (e.g.,
Polihale and other undeveloped shoreline areas such
as Donkey Beach; Vuln. Assessment Workshop, pers.
comm., 2017)

Embayed beaches fronted by sand-filled channels
may be more resilient to sea level rise (Romine et al.
2016)

Precipitation
(amount &
timing)

Historical and current trends

Since 1920, precipitation has decreased across the Hawaiian
Islands, with the strongest drying trends occurring over the last
30 years (Frazier et al. 2016; Frazier & Giambelluca 2017)
From 1920 to 2012, dry season (May—Oct.) precipitation on
Kaua‘i declined an average of 1.05% per decade across the
island, with the largest declines at high elevations Frazier &
Giambelluca 2016)

From 1920-2012, wet-season (Nov.—April) precipitation on
Kaua‘i declined an average of 0.94% per decade across the
island, with the largest declines at high elevations and on the
windward side (as much as 4%; Frazier & Giambelluca 2016)

Projected future trends

Precipitation projections are highly uncertain because they vary in
projected direction and magnitude, and will be affected by shifts in
the El Nifio-Southern Oscillation (ENSO) and Pacific Decadal
Oscillation (PDO), as well as the amount of future greenhouse gas
emissions. Possible future scenarios include:

No change to moderate decrease in precipitation by 2100
(Keener et al. 2013)

Moderate decrease in precipitation across all seasons by 2100
(26% to 41% decrease in wet-season precipitation; 3% to 6%
decrease in dry-season precipitation; Elison Timm et al. 2015)
By 2100, increased precipitation at high elevations (up to 20%)

Potential impacts on habitat

Changes in moisture availability will likely affect
shoreline plant community composition and
individual species’ distributions (Warshauer et al.
2009)

Precipitation stimulates erosion, which can increase
cave sedimentation (U.S. Fish and Wildlife Service
2006)

Geographic variation

Maha‘ulepu Cave is sensitive to high precipitation
(Vuln. Assessment Workshop, pers. comm., 2017)
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and slightly decreased precipitation at low elevations in the dry
season; slight increases at high elevations and slight decreases
at low elevations in the wet season (Zhang et al. 2016)

Drought

Historical and current trends

Drought length increased in 1980-2011 compared to 1950—
1979 (Chu et al. 2010)
Drought conditions are usually less prevalent during La Nifa
years, and more prevalent during El Nifio years (Dolling et al.
2009; Chu et al. 2010)

Projected future trends

Drought projections are highly uncertain because they are primarily
dependent on precipitation projections, which are variable and
have high uncertainty. Possible future scenarios include:

By 2100, drought risk is likely to increase for low-elevation
leeward areas, decrease at high elevations, and remain static
elsewhere (Keener et al. 2012)

Potential impacts on habitat

Drought may confer an advantage to alien vegetation
and displace native vegetation (Natural Areas
Reserve System 2012)

Drought may cause mortality of cave fauna (e.g.,
Kaua‘i cave amphipod [Spelaeorchestia koloanal],
cave wolf spider) and/or increase cave vulnerability
to invasive species by reducing humidity (U.S. Fish
and Wildlife Service 2006)

Drought conditions enhance fire risk (Conry &
Cannarella 2010)

Geographic variation

Koloa caves/lava tubes may be particularly
vulnerable to prolonged drought, which desiccates
caves (Vuln. Assessment Workshop, pers. comm.,
2017)

Streamflow &
riverine
flooding

Historical and current trends

From 1943-2008, streamflow declined by 22% and baseflow
declined by 23% compared to 1913-1943, with larger declines
during the dry season and increased high-flow variability
(Bassiouni & Oki 2013)

Jan. —March streamflow is typically low following El Nifio
events, and high following La Nifia events; this pattern is
enhanced during positive Pacific Decadal Oscillation (PDO)
phases (Bassiouni & Oki 2013)

Streamflow is typically highest from Jan.—March (wet season)
and lowest during July—Sept. (dry season; Bassiouni & Oki 2013)
No consistent trends were found in stream peak discharge
statewide (Oki et al. 2010)

Potential impacts on habitat

High streamflow can cause coastal flooding,
potentially increasing sandy beach erosion (Fletcher
et al. 2012) and/or altering shoreline position
(Fletcher et al. 2002); for example, flooding on the
Wailua River reshapes Wailua Beach (Fletcher et al.
2002)

Streamflow delivers sediment to the coast, which can
alter shoreline position (Fletcher et al. 2012)
Streamflow and flooding increase pollutant and
contaminant delivery to downstream areas (Mead &
Wiegner 2010), including shorelines

Streamflow and flooding increase lava tube and cave
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Projected future trends

No regional streamflow or flooding projections are available,
but if mean annual precipitation were to decline, streamflow
scenarios may include:
o Continuing decline of low flows and baseflow (Strauch et
al. 2015)
o Flashier and/or more variable streamflow (Strauch et al.
2015)

siltation, shortening the “life” of the tube (Howarth
1972)

Geographic variation

Sensitivity to altered streamflow depends on
shoreline hardening (Vuln. Assessment Workshop,
pers. comm., 2017)

Sand dune sensitivity is highest where there is a dune
next to a river mouth (Vuln. Assessment Workshop,
pers. comm., 2017)

Maha‘ulepu, Ha‘ena caves, and Koloa lava tubes are
vulnerable to flooding (Vuln. Assessment Workshop,
pers. comm., 2017)

Wind &
circulation

Historical and current trends

Since the 1990s, the Pacific trade winds (both the Walker and
Hadley cells) have increased, corresponding with a negative
Pacific Decadal Oscillation (PDO) phase (England et al. 2014)
Trade wind direction has shifted from predominantly northeast
to east from 1973—-2009 (Garza et al. 2012), which represents a
cyclical shift that is known to complete its cycle approximately
every 45 years (Wentworth 1949)

The frequency of trade wind inversion (TWI) occurrence
increased an average of 16% starting in 1990 (Longman et al.
2015)

Projected future trends

Projections for the TWI are moderately uncertain due to the
influence of large-scale atmospheric patterns (e.g., El Nifio-
Southern Oscillation [ENSO] and Pacific Decadal Oscillation [PDO]).
Possible future scenarios include:

8% increase in TWI frequency of occurrence, corresponding to
an almost 50% decrease in days without a well-defined TWI
(decrease from 17% of days currently to 9% of days by 2100;

Potential impacts on habitat

Trade wind waves contribute to sandy beach erosion
on north, east, and south Kaua‘i (Fletcher et al. 2012)
and flooding on east Kaua‘i (Fletcher et al. 2002)
Trade wind waves deliver sediment to the Mana
Plain, contributing to the extensive sandy shoreline
habitat in that area (Fletcher et al. 2012)

Trade winds build sand dunes on windward coasts,
but can transport beach sediment inland if dunes are
not properly managed, affecting beach distribution
and erosion (Romine et al. 2013)

Trade winds also facilitate inland plant dispersal and
prevent seaward colonization of some plant species
(Warshauer et al. 2009)

Trade winds may help moderate high temperatures
in shoreline habitats (Vuln. Assessment Reviewers,
pers. comm., 2017)
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Zhang et al. 2016)
e Possible decrease in TWI base height, ranging from small
(Zhang et al. 2016) to more significant (Lauer et al. 2013)

Surface wind speed and direction may change, but studies have

reached varying conclusions:

e Nov.—Dec. surface wind speeds across the Hawaiian Islands may
decrease strongly by 2100, with small changes in surface wind
speed possible in other seasons (Storlazzi et al. 2015)

e Surface winds in the Hawaiian Islands may increase modestly,
with a very modest increase in frequency of strong wind days
(Zhang et al. 2016)
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Non-Climate Stressors

Sensitivity of the habitat to climate change impacts may be highly influenced by the existence
and extent of, and current exposure to, non-climate stressors (Table 2). Development and
shoreline armoring reduce shoreline habitat extent, exacerbate erosion risk, and prevent
landward shoreline migration in response to sea level rise. Development and recreation also
elevate coastal pollution, which can alter community structure or cause native species’
mortality. Recreation also facilitates the spread of invasive vegetation, which can outcompete
native vegetation and increase vulnerability to cliff failure.

Table 2. Key non-climate stressors that affect the overall sensitivity of shoreline habitats to climate
change. All factors were ranked as having a moderate or higher impact on one or more of the shoreline
sub-habitats.

Non-climate stressors All sub-habitats: Moderate-high impact (high confidence)

Residential & Potential impacts on habitat

commercial | ¢  peyelopment can destroy and fragment shoreline habitats and degrade remnant

development habitats by increasing disturbance and vulnerability to invasive species, exacerbating
erosion, and contributing to pollution (Hawai‘i Department of Land and Natural
Resources 2015)

e Development can prevent landward migration of shoreline habitats in response to
sea level rise and coastal erosion (Fletcher et al. 1997; Romine & Fletcher 2013)

e Shoreline development can affect erosion patterns; for example, Kikiaola Harbor
disrupts alongshore sediment transport and prevents sediment delivery to ‘O‘©mand
Beach (Fletcher et al. 2012)

e Coastal lighting associated with development can negatively impact seabirds and sea
turtles (Hawai‘i Department of Land and Natural Resources 2015)

e Urbanization increases surface and sediment runoff, which may increase rocky
shoreline sedimentation and alter community structure by favoring sediment-
tolerant organisms (e.g., turf algae, anemones; Thompson et al. 2002)

e Development can directly destroy cave habitats by opening or filling them during
construction, reduce cave humidity via groundwater recharge reductions, and/or
affect sediment processes and ecology by removing surface vegetation and
associated root systems (Howarth 1972; U.S. Fish and Wildlife Service 2006)

e Cave habitat fragmentation caused by development may increase the vulnerability
of cave fauna to drought by trapping them in areas without moisture refugia (U.S.
Fish and Wildlife Service 2006)

e Pattern of exposure: Consistent across habitat, although overall, development on
Kaua‘i is concentrated on the east and south shores and around several towns on
the north shore (Hawai‘i Department of Land and Natural Resources 2015)

Recreation Potential impacts on habitat

e Pedestrian and off-road vehicle use can trample and degrade dune, beach, cave, and
other shoreline vegetation, contribute to erosion, and reduce habitat for nesting
seabirds (U.S. Fish and Wildlife Service 2006; Warshauer et al. 2009; Hawai‘i
Department of Land and Natural Resources 2015); vegetation impacts are
particularly acute at Polihale State Park and near the Pacific Missile Range Facility
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(Warshauer et al. 2009)

Recreation may introduce non-native vegetation, exacerbating associated impacts
(Conry & Cannarella 2010)

Recreation can also introduce pollutants (e.g., bathroom, sanitation, and parking lot
runoff, trash; Vuln. Assessment Workshop, pers. comm., 2017)

Cave species are sensitive to smoke from cigarettes and campfires (U.S. Fish and
Wildlife Service 2006)

Pattern of exposure: Consistent across habitat

Invasive/
problematic
trees & shrubs

Potential impacts on habitat

Without restoration intervention, invasive plants such as mangroves (Bruguiera
gymnorrhiza, Rhizophora mangle), ironwood (Casuarina equisetifolia), and haole koa
(Leucaena leucocephala) can displace native species in beach, coastal strand, and
cliff habitats (e.g., by shading out low-growing vegetation; Warshauer et al. 2009)
and degrade wildlife habitat quality (Malama Hulé‘ia & Hawai‘i Sea Grant 2015)
Invasive trees (e.g., ironwood) can increase the likelihood of cliff and/or bluff area
collapse, which can smother native vegetation (Warshauer et al. 2009)

Non-native plants may not have adequate/deep enough root systems to sustain cave
species (U.S. Fish and Wildlife Service 2006)

Pattern of exposure: Consistent across habitat

Seawalls

Potential impacts on habitat

Shoreline hardening (e.g., seawalls, revetments, groins) built to protect development
and infrastructure contributes to erosion, narrowing, and loss of fronting beach, and
flanking erosion on adjacent beaches (O’Connell 2010; Fletcher et al. 2012)
Shoreline hardening affects natural patterns of beach accretion and erosion by
altering alongshore sediment transport and restricting upland sediment
contributions (O’Connell 2010; Fletcher et al. 2012; Romine et al. 2013)

Shoreline armoring (e.g., seawalls, breakwaters, groins) may provide some artificial
rocky shoreline habitat and increase habitat connectivity by providing hard surfaces
between isolated rocky shoreline segments (Thompson et al. 2002)

Pattern of exposure: Localized; 10% of Kaua‘i’s shoreline is armored (11 miles;
University of Hawai‘i Sea Grant College Program 2014 and citations therein)

Pollution &
poisons

Potential impacts on habitat

Pollutants degrade shoreline habitats, reducing habitat suitability for valued wildlife
including seabirds, shorebirds (Hawai‘i Department of Land and Natural Resources
2015), and cave specialists (U.S. Fish and Wildlife Service 2006); pollutants can
remain in sand/sediment for long periods of time (Thompson et al. 2002)
Pollutants and poisons (e.g., oil spills, nutrient loading) can affect rocky shoreline
community structure (Thompson et al. 2002)

Marine debris (e.g., abandoned fishing gear, trash) can be deposited on Hawai‘i’s
beaches and cause monk seal or turtle mortality via entanglement or ingestion
(NOAA 2010)

Some caves were historically lost or degraded due to their use as garbage pits (U.S.
Fish and Wildlife Service 2006)

Pattern of exposure: Localized around streams and developed areas
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Invasive/ Potential impacts on habitat
problematic | o
pathogens &

Cesspools and other on-site sewage disposal systems can elevate pathogens in

; groundwater, surface water, and nearshore environments, with potential negative
parasites effects on wildlife and humans (Whittier & El-Kadi 2014)

e Pattern of exposure: Localized around rivers

Adaptive Capacity

Although Kaua‘i has extensive shoreline area, many shoreline habitats have been lost,
degraded, or altered by human activity, and face continued use conflicts with development and
military activities (Table 3). Although coastal species are generally tolerant of variable
conditions, Kaua‘i’s shoreline habitats have many endangered, threatened, or particularly
vulnerable species, reducing overall resilience. Additionally, human impacts on shoreline
communities impair the inherent resiliency of shoreline species and make it difficult for
shoreline habitats to resist and respond to sea level rise and coastal erosion. Workshop
participants indicated that shoreline habitats have high public value and high constituency
group support for habitat conservation and management. Additionally, the protected status of
several shoreline areas may bolster overall habitat management potential. Additional funding
and coordination with private landowners would further improve shoreline management
opportunities.

Table 3. Adaptive capacity factors that influence the ability of shoreline habitats to adapt to projected
future climate changes. Factors that receive a ranking of “High” enhance adaptive capacity for this
habitat (+), while factors that receive a ranking of “Low” undermine adaptive capacity (-).

Adaptive capacity factors Sand dunes, caves: Low adaptive capacity (high confidence)
Sandy beaches, rocky shorelines, cliffs: Low-moderate adaptive capacity (high
confidence)

Extent & integrity +/- Rocky shoreline and cliff habitats have a high extent and moderate habitat
integrity; the most pristine cliff habitat occurs on the Na Pali Coast, away from

Sand dunes, caves: development (Vuln. Assessment Workshop, pers. comm., 2017), although the
Low Na Pali Coast is also a dynamic natural system with high level of erosion (Vuln.
(high confidence) Assessment Reviewers, pers. comm., 2017)

+/- Sandy beach habitats have a high extent but low-moderate habitat integrity
(Vuln. Assessment Workshop, pers. comm., 2017); Kaua‘i has 75 miles of sandy
shoreline but some beaches (e.g., Waimea Beach, near ‘O‘6mané Point) have
experienced accelerated erosion or been otherwise negatively impacted by
human shoreline activities (Fletcher et al. 2012)

- Sand dunes have a low extent and low habitat integrity (Vuln. Assessment
Workshop, pers. comm., 2017); sand dune habitat is restricted to the
Maha‘ulepu sub-region of south Kaua’i and backing the beaches of Mana Plain
in west Kaua‘i (Fletcher et al. 2012)

- Caves have a low-moderate extent and low habitat integrity (Vuln. Assessment
Workshop, pers. comm., 2017); caves have experienced significant loss and
degradation over time (U.S. Fish and Wildlife Service 2006)

Sandy beaches, rocky
shorelines, cliffs:
Moderate-high
(high confidence)
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Some shoreline habitats on Kaua‘i have been modified; for example, the Mana
coastal plain used to be a wetland, but was drained and is now managed by
the Department of Fish and Wildlife (Vuln. Assessment Workshop, pers.
comm., 2017)

Habitat isolation

All sub-habitats:
High
(high confidence)

Larvae of many rocky shoreline species are easily re-distributed via tidal and
water action (Thompson et al. 2002)

Barriers to shoreline habitat dispersal include roads, agriculture, alien
vegetation, residential and commercial development, and geologic,
atmospheric, and water features (Vuln. Assessment Workshop, pers. comm.,
2017)

Resistance &
recovery

All sub-habitats:
Low
(high confidence)

Sandy shorelines are very dynamic, so fauna may be adapted to some degree
of variability (Thompson et al. 2002; Fletcher et al. 2012)

Rocky shorelines may be more resistant to climatic changes (e.g., erosion) due
to hard substrates, and typically recover rapidly from disturbance via
recruitment from unaffected areas (Thompson et al. 2002)

Many rocky shoreline species are tolerant of extreme conditions, which may
make them more resilient to some stressors (e.g., pollution; Thompson et al.
2002)

Sea cliffs may have lower exposure to mammalian predators and human
disturbance, making them refugia for native species (U.S. Fish and Wildlife
Service 2016)

Coastal systems (e.g., beaches) have a limited capacity to accrete sediment and
keep pace with sea level rise due to small tidal ranges (<2 m [<6.5 ft]; Kane et
al. 2015)

Hawaiian beach sand is primarily marine-derived carbonate skeletal material,
not terrestrially sourced material (Anderson et al. 2015), but armoring reduces
any potential terrestrially sourced sediment accretion and prevents beaches
from migrating landward (Romine & Fletcher 2013), increasing sandy shoreline
vulnerability to erosion as sea levels rise

Human-driven degradation of coastal areas impairs shorelines’ ability to
recover from natural stressors such as drought, storms, and landslides by
reducing seed sources (Warshauer et al. 2009) and by physically limiting space
needed for natural processes associated with these dynamic ecosystems (Vuln.
Assessment Reviewers, pers. comm., 2017)

Small populations make cave species vulnerable to extirpation, and paired with
low reproductive potentials, undermine reproduction and colonization
opportunities following disturbance (U.S. Fish and Wildlife Service 2006)

Habitat diversity

All sub-habitats:
Low
(high confidence)

+
5~

Kaua‘i has a variety of different sandy beach types, including embayed
beaches, pocket beaches, wide and steep beaches, and narrow and gentle
sloping beaches; these beach types will likely exhibit variable vulnerability
(Fletcher et al. 2012)

Shoreline habitats support a variety of wildlife, including several rare and
endemic cave species (e.g., Kaua‘i cave wolf spider; Kaua‘i cave amphipods;
U.S. Fish and Wildlife Service 2006), seabirds (Hawai‘i Department of Land and
Natural Resources 2011), and nesting or basking marine species (Hawai‘i
Department of Land and Natural Resources 2015)
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Shoreline habitats have several species and species groups that are particularly
vulnerable to climate change, including rare plants and
endangered/threatened wildlife (e.g., Hawaiian monk seal, green sea turtle,
wedge-tailed shearwaters; Vuln. Assessment Reviewers, pers. comm., 2017)
Several shoreline bird species have been lost in the past (Olson & James 2004)
Endemic cliff vegetation has increased risk of extinction or endangerment
because restricted distributions may enhance component species’ vulnerability
to climate and non-climate impacts (Sakai et al. 2002)

Management
potential

All sub-habitats:
Moderate
(high confidence)

+
5~

High public value: Shoreline habitats provide subsistence, recreation, hazard
buffers, scenic and cultural benefits, and support the economy (Vuln.
Assessment Workshop, pers. comm., 2017)

Shoreline habitats provide a variety of ecosystem services, including food
provisioning, tourism/recreation, storm protection, flood and erosion control,
water filtration, and cultural services (Kane et al. 2012, 2015; Hawai‘i
Department of Land and Natural Resources 2015)

Several shoreline areas have some type of protected status and management
(e.g., Kilauea Point National Wildlife Refuge, Koloa Caves), which may help
buffer some habitat impacts (U.S. Fish and Wildlife Service 2006, 2016)

There are several constituency groups that support shoreline habitats and have
positive impacts on shoreline conservation, including environmental groups,
native Hawaiian groups, and tourism agencies (Vuln. Assessment Workshop,
pers. comm., 2017)

Low-moderate societal support for habitat management: There is strong
governance support, but managers need more local landowner support and
financial support to take action (Vuln. Assessment Workshop, pers. comm.,
2017)

Extreme events could increase societal support for habitat management and
conservation: Chronic beach erosion could increase support, while hurricanes
could increase or decrease support depending on impacts (Vuln. Assessment
Workshop, pers. comm., 2017)

Low-moderate likelihood of managing or alleviating climate change impacts:
Managers have the technical knowledge, but alleviating impacts is very hard
financially and socially due to private property issues (e.g., little incentive to
adapt due to multiple landowners, high property values, and absentee
residents; private property rights inhibit regulatory oversight; Vuln.
Assessment Workshop, pers. comm., 2017)

Low manager capacity/ability to cope with habitat impacts: There are not
enough managers, funding support, expertise, and infrastructure, and
managers cannot manage private property (Vuln. Assessment Workshop, pers.
comm., 2017)

Shoreline habitats face conflicting interests with development and military
operations (i.e. the military keeps Mana Plain drained on west side; Vuln.
Assessment Workshop, pers. comm., 2017)
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Hawaiian Islands Climate Synthesis Project:
Vulnerability Assessment Methods and Application

Defining Terms

Exposure: A measure of how much of a change in climate or climate-driven factors a resource is
likely to experience (Glick et al. 2011).

Sensitivity: A measure of whether and how a resource is likely to be affected by a given change
in climate or factors driven by climate (Glick et al. 2011).

Adaptive Capacity: The ability of a resource to accommodate or cope with climate change
impacts with minimal disruption (Glick et al. 2011).

Vulnerability: A function of the sensitivity of a particular resource to climate changes, its
exposure to those changes, and its capacity to adapt to those changes (IPCC 2007).

Vulnerability Assessment Model

The vulnerability assessment model applied in this process was developed by EcoAdapt? (Hutto
et al. 2015, EcoAdapt 2014a, EcoAdapt 2014b, Kershner 2014), and includes evaluations of
relative vulnerability by local stakeholders who have detailed knowledge about and/or
expertise in the ecology, management, and threats to focal habitats and ecosystem services.
Stakeholders evaluated vulnerability of each resource by discussing and answering a series of
guestions for sensitivity and adaptive capacity. Habitat exposure was evaluated by EcoAdapt
using future climate projections from the scientific literature; ecosystem service exposure was
evaluated by workshop participants using the climate impacts table provided by EcoAdapt. Each
vulnerability component (i.e. sensitivity, adaptive capacity, and exposure) was divided into
specific elements. For example, habitats included three elements for assessing sensitivity and
five elements for adaptive capacity. Elements for each vulnerability component are described in
more detail below.

Stakeholders assigned one of five rankings (High, Moderate-high, Moderate, Low-moderate, or
Low) for sensitivity and adaptive capacity. Stakeholder-assigned rankings for each component
were then converted into scores (High-5, Moderate-high-4, Moderate-3, Low-moderate-2, or
Low-1) and the scores averaged (mean) to generate an overall score. For example, scores for
each element of habitat sensitivity were averaged to generate an overall habitat sensitivity
score. Scores for exposure were weighted less than scores for sensitivity and adaptive capacity;
this was due to greater uncertainty about the magnitude and rate of future change. Sensitivity,
adaptive capacity, and exposure scores were combined into an overall vulnerability score
calculated as:

Vulnerability = [(Climate Exposure*0.5) x Sensitivity] - Adaptive Capacity

2 Sensitivity and adaptive capacity elements were informed by Glick et al. 2011, Manomet Center for Conservation
Sciences 2013, and Lawler 2010.
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Elements for each component of vulnerability were also assigned one of three confidence
rankings (High, Moderate, or Low). Confidence rankings were converted into scores (High-3,
Moderate-2, or Low-1) and the scores averaged (mean) to generate an overall confidence
score. These approximate confidence levels were based on the Manomet Center for
Conservation Sciences (2013) 3-category scale, which collapsed the 5-category scale developed
by Moss and Schneider (2000) for the IPCC Third Assessment Report. The vulnerability
assessment model applied here assesses the confidence associated with individual element
rankings, and uses these rankings to estimate the overall level of confidence for each
component of vulnerability as well as overall vulnerability.

Rankings and scores presented should be considered measures of relative vulnerability and
confidence (i.e. comparing the level of vulnerability between the focal resources evaluated in
this project).

Vulnerability and confidence rankings and scores for a given element were supplemented with
information from the scientific literature. The final vulnerability assessment summaries for a
given resource include stakeholder-assigned rankings, confidence evaluations, and narratives
summarizing expert opinions and information from the scientific literature.

Habitat & Ecosystem Service Elements

Sensitivity & Exposure (Applies to Habitats and Ecosystem Services)

1. Climate and Climate-Driven Factors: e.g., air temperature, precipitation, freshwater
temperature, sea surface temperature, sea level rise, soil moisture, altered streamflows, etc.

2. Disturbance Regimes: e.g., wildfire, flooding, drought, insect and disease outbreaks, wind,
etc.

3. Future Climate Exposure: e.g., consideration of projected future climate changes (e.g.,
temperature and precipitation) as well as climate-driven changes (e.g., altered fire regimes,
altered flow regimes, shifts in vegetation types). Experts were provided with a summary of
historical, current, and projected future climate changes for the main Hawaiian Islands.

4. Non-Climate Stressors: e.g., land-use conversion (e.g., residential or commercial
development), agriculture and/or aquaculture, transportation corridors (e.g., roads, railroads,
trails), water diversions, invasive and other problematic species, pollution and poisons, etc. For
non-climate stressors, experts were asked to evaluate sensitivity, whether the habitat or
ecosystem service is currently exposed to that stressor, and whether the pattern of exposure is
widespread and/or consistent across the study area or is highly localized (e.g., exposure to
aquaculture is highly localized but exposure to invasive grasses is often widespread).

Adaptive Capacity (Habitats)

1. Extent and Integrity: e.g., habitats that occur in multiple locations vs. single, small areas;
high integrity vs. degraded habitats

2. Habitat Isolation: e.g., adjacent to other native habitat types vs. isolated habitats, barriers to
dispersal (e.g., development, energy productions, roads, water diversions, etc.)
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3. Resistance and Recovery: e.g., resistance refers to the stasis of a habitat in the face of
change, recovery refers to the ability to “bounce back” more quickly from stressors once they
do occur

4. Habitat Diversity: e.g., diversity of component native species and functional groups in the
habitat

5. Management Potential: e.g., ability of resource managers to alter the adaptive capacity and
resilience of a habitat to climatic and non-climate stressors (societal value of habitats, ability to
alleviate impacts)

Adaptive Capacity (Ecosystem Services)

1. Intrinsic Value and Management Potential: e.g., ability of managers to alter the adaptive
capacity and resilience of a service to climatic and non-climate stressors (societal value of
ecosystem services, ability to alleviate impacts)
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