Table A-1. HPA HCP Marinas Exposure and Response Matrix for Chinook Salmon.?

Sub-

Exposure

activity
Type

Marinas and Shipping/Ferry Terminals

Mechanism of Impact Stressor

Construction and
Maintenance Activities

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

term (hearing
threshold effects)

project construction
and maintenance)

increase risk of predation and/or decrease
foraging efficiency due to decreased ability to
sense predators and/or prey.

Pile driving Increased underwater noise levels During project construction Temporary (auditory | Interannual to Eggs and alevins; All life-history stages: Stressor response Avoid pile-driving noise in excess of Activity may affect survival at all life-
and maintenance activities masking) to short- decadal (during Juveniles: dependent on noise magnitude and project- impact thresholds established by history stages, depending on project-
term (hearing project construction ' specific environmental conditions; may range | NOAA Fisheries and USFWS in specific noise intensity and receptor
threshold effects) and maintenance) Adults from: habitats used by species. Limit pile exposure. Likelihood of egg and alevin
driving to in-water work windows. exposure is limited, as the majority of
* Ruptu-re- of egg membrane. . ) Use double-confined bubble curtain to | Chinook spawning habitat is located in
e  Fatal injury or permanent auditory tissue | reduce sound pressure, or work within | areas unsuitable for marina or terminal
damage limiting to survival. confined or dewatered work areas. development. Should exposure occur,
e Increased predation risk and decreased Encourage use of vibratory hammers however, direct mortality or injury is
foraging success due to auditory masking | and (untreated) wooden pilings where | probable.
and/or temporary hearing threshold practicable.
effects that increase risk of predation
and/or decrease foraging efficiency due
to decreased ability to sense predators
and prey
e Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles; Adults and juveniles: Auditory masking or Avoid/minimize cavitation to limit May affect survival, growth, and
operation levels and maintenance activities masking) to short- decadal (during Adults temporary hearing threshold effects may noise intensity. Promote use of vessels | fitness due to avoidance behavior,

equipped with antinoise/antivibration
technology where practicable.

decreased foraging success, and
increased predation risk.

Channel/work area
dewatering

impingement on pump screens

and maintenance activities

decadal (depending
on activity
frequency)

Juveniles

mortality from entrainment or impingement.

Fish removal, relocation, and During project construction Short-term Interannual to Eggs and alevins; Eqggs and alevins: Mortality, injury, or stress Use protocols established by NOAA Likelihood of egg and alevin exposure
exclusion and maintenance activities decadal (depending Juveniles: from capture, handling, and relocation. Egg Fisheries and WDFW/WSDOT to is limited, as the majority of Chinook
on activity ' relocation is impractical, likely leading to avoid and minimize impacts. spawning habitat is located in areas
frequency) Adults mortality. unsuitable for marina or terminal
Adults and juveniles: Mortality, injury, or ﬂevelopmgnt. tShOUItdﬁtXpOSL.”? oceur,
stress from capture, handling, and relocation. OWever, direct mortality or injury 15
. o highly likely. May cause direct injury
Juveniles: Increased competition once or mortality of juveniles and adults.
relocated, reduced growth and fitness, and Stress may affect survival, growth and
increased predation exposure. fitness, and adult spawning
Adults: Delayed migration resulting in productivity.
decreased fitness and spawning success.
Entrainment in pumps or During project construction Short-term Interannual to Eggs and alevins; Eqgs and alevins, juveniles: Injury or Install and maintain pump screens Likelihood of egg and alevin exposure

consistent with WDFW protocols.
Adhere to system-specific in-water
work windows, avoid use when
juveniles are present.

is limited, as the majority of Chinook
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
highly likely. May cause direct
mortality or injury at juvenile life-
history stage. Injury and stress may
affect survival, growth, and fitness.
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Table A-1 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chinook Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered flow conditions (riverine) During project construction Short-term Interannual to Eggs and alevins; Eggs and alevins: Potential redd scour and/or | Limit alteration of flow conditions to Likelihood of egg and alevin exposure
and maintenance activities decadal (depending Juveniles: sedimentation, resulting in decreased minimal area. is limited, as the majority of Chinook
on activity ' incubation success. spawning habitat is located in areas
frequency) Adults Juveniles: Altered habitat suitability, unsuitable for marina or terminal
increased stress, increased competition, development. Should Exposure occur,
decreased growth and fitness. however, decrea}sed sur\_/lval is likely.
May affect survival during egg and
Adults: Delayed migration, increased stress, alevin life-history stages; may affect
decreased spawning fitness. juvenile growth and fitness; may affect
adult spawning productivity.
Altered current and circulation During project construction Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, Limit alteration of current and May affect juvenile growth and fitness;
conditions (marine and lacustrine) and maintenance activities decadal (depending Adults increased stress, increased competition, circulation patterns to greatest extent may affect adult spawning
on activity decreased growth and fitness. practicable to minimal area. productivity.
frequency) Adults: Delayed migration, increased stress,
decreased spawning fitness.
Stream bed disturbance, increased During project construction Temporary Interannual to Eggs and alevins; Eggs and alevins: Potential decreased egg Adhere to system-specific in-water May affect growth and fitness at
turbidity (associated with site and maintenance activities decadal (depending Juveniles: incubation success and alevin survival due to work windows. Avoid work during juvenile life-history stage. May affect
rewatering) on activity ' turbidity exposure and substrate disturbance. egg incubation periods. adult fitness and spawning
frequency) Adults Juveniles: Stress and behavioral productivity.
modifications by rearing juveniles exposed to
sediment pulses, migration delay, reduced
foraging opportunities, and increased
predation risk.
Adults: Stress and behavioral modifications
by adults exposed to sediment pulses.
Potential migration delay, leading to reduced
spawning productivity.
Localized alteration in invertebrate | During project construction Short-term Interannual to Juveniles Juveniles: Short-term reduction in foraging Limit area of dewatering to the greatest | May affect growth and fitness at
abundance and maintenance activities decadal (depending opportunity, increased competition, decreased | extent practicable. juvenile life-history stage.
on activity growth and fitness.
frequency)
Increased suspended solids During project construction Short-term Interannual to Eggs and alevins; All life-history stages: See responses to Limit area of dewatering to the greatest | See effects for related stressors under
and maintenance activities decadal (depending Juveniles: related stressors under Water Quality extent practicable. Follow established | Water Quality Modification.
on activity ' Modification. protocols for dewatering and
frequency) Adults rewatering.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual-decadal Eggs and alevins; All life-history stages: See responses Avoid fill or, if unavoidable, restore Likelihood of egg and alevin exposure
dredging substrate characteristics and maintenance activities Juveniles: described under Hydraulic and Geomorphic currently filled or degraded shallow is limited, as the majority of Chinook
' Modification. shoreline habitats. spawning habitat is located in areas
Adults unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
highly likely. See effects for related
stressors under Hydraulic and
Geomorphic Modification.
Aquatic vegetation removal and During project construction Intermediate-term Interannual-decadal Juveniles; Juveniles and adults: See responses described | Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Adults under Aquatic Vegetation Modification. submerged aquatic vegetation to the Riparian and Aquatic Vegetation
greatest extent practicable through Modification.
project siting.
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Table A-1 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chinook Salmon.?

Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism

Entrainment of benthic organisms,
increased suspended solids,
resuspension of contaminated
sediments

During project construction
and maintenance activities

Temporary to short-
term

Interannual-decadal Eggs and alevins;
Juveniles;

Adults

Eggs and alevins: Mortality or injury from
entrainment.

Juveniles: Decreased foraging opportunity
due to short-term reduction in prey abundance.
Decreased growth and fitness.

All life-history stages: See responses
described for related stressors under Water
Quality Modification.

Avoid turbidity effects above
background levels.

Likelihood of egg and alevin exposure
is limited, as the majority of Chinook
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
highly likely. May affect juvenile
growth and fitness. See effects for
related stressors on all life-history
stages under Water Quality
Modification.

Facility Operation and
Vessel Activities

Grounding, anchoring, Increased turbidity, disturbed Year-round (with intensity Permanent Common Eggs and alevins; All life-history stages: Response to increased | Site facilities in deeper water to avoid Likelihood of egg and alevin exposure
and/or prop wash benthic area dependent on facility activity Juveniles: turbidity exposure as described for related suspension of sediments from prop is limited, as the majority of Chinook
peaks) ' stressors under Water Quality Modification. wash and grounding. Prevent or spawning habitat is located in areas
Adults; Response to benthic disturbance as described discourage anchoring, and provide unsuitable for marina or terminal
for Hydraulic and Geomorphic Modification. alternatives such as mooring buoys development. See effects for related
designed in accordance with USACE stressors under Water Quality
guidance. Modification and Hydraulic and
Geomorphic Modification.
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Riparian and Aquatic Vegetation suspension of sediments from prop Riparian and Aquatic VVegetation
summer growth periods with Modification. wash and grounding. Prevent or Modification.
intensity dependent on discourage anchoring, and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Freshwater aquatic vegetation Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid | See effects for related stressors under
disturbance prevalent during spring and common Riparian and Aquatic Vegetation suspension of sediments from prop Riparian and Aquatic Vegetation
summer growth periods with Modification. wash and grounding. Prevent or Modification.
intensity dependent on discourage anchoring, and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year round (with intensity Permanent Intermittent to Eggs and alevins; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under

operational discharges dissolved oxygen, and dependent on facility activity common Juveniles: altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) ' suspended solids exposure as described for discharge of ballast water where
related stressors under Water Adults related stressors Water Quality Modification. practicable.
Quality Modification
Introduction of non-native species Year-round (with intensity Permanent (once Common Eggs and alevins; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival, growth, and

dependent on facility activity

invasive species are

introductions with

interactions and food web organization;

to ballast water management

fitness at all life-history stages.

A - Juveniles; - - :
peaks) established) interannual to exposure to non-native pathogens. regulations. Provide for upland
decadal colonization | Adults discharge of ballast water where
events practicable.
Increased or altered Auditory masking and/or alteration | Year-round (with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration limits; May affect survival and growth due to
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to avoid cavitation. avoidance behavior, decreased

peaks [stressor exposure
occurs in spring and summer
during nearshore migration])

sense predators and/or prey, increasing risk of
predation and decreasing foraging efficiency.

foraging success, and increased
predation risk.
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Table A-1 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chinook Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles Juveniles: Pause or change of migration Design facilities so majority of May affect growth and survival; may
modification and moored vessel hulls, creating sunset (stressor exposure direction; increased energy expense; reduced structural and moorage shading occurs | delay outmigration, resulting in
light contrasts and requiring visual occurs in spring and summer foraging success; increased predation offshore away from submerged aquatic | reduced marine survival.
and behavioral adaptation during nearshore migration) exposure vegetation, migration corridors, and
foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles Juveniles: Attraction to lighted area, delaying | Reduce and shield facility and vessel May affect juvenile survival; may
vessel lighting, creating light sunrise (stressor exposure or altering migration. Increased predation lighting to limit nighttime illumination | delay outmigration, resulting in
contrasts requiring visual and occurs in spring and summer exposure. of the underwater environment. reduced marine survival.
behavioral adaptation during nearshore migration)
Shading from structures and Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Limit project structural May affect juvenile growth and fitness.
vessels, resulting in loss of aquatic in spring and summer when due to decreased food web productivity and footprint to minimize shading of
vegetation vegetation growth is most decreased growth and fitness. See Aquatic aquatic vegetation to the greatest
extensive) Vegetation Modification for additional detail extent practicable. Design overwater
and related stressors. structures and mooring buoys in
accordance with USACE guidance to
limit shading and anchor scour effects.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, as well as
reduced ambient light from fine bubble
profusion.
Marine systems: Decreased light Year-round, sunrise to sunset, | Permanent Continuous to Juveniles Juveniles: See impact mechanisms, stressors, | Enforce speed and acceleration limits; | May affect juvenile growth and fitness.
penetration due to surface with intensity dependent on intermittent and stressor responses under Aquatic avoid propeller cavitation.
reflectance from fine bubble facility activity peaks (stressor Vegetation Modification.
profusion produced by propeller exposure occurs in spring and
action summer during nearshore
migration)
Water Quality
Modification

Increased suspended solids

Dependent on contributing
mechanism of impact

Temporary to short-
term (dependent on
contributing
mechanism of
impact)

Intermittent to
interannual—-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and alevins;
Juveniles;
Adults

Eggs and alevins: Turbidity sufficient to
cause fine sediment embeddedness may lead
to direct mortality and decreased survival of
eggs and alevins.

Juveniles and adults: Responses vary
depending on stressor magnitude.
Unavoidable extreme turbidity may cause
physical injury and/or physiological effects
(e.g., gill trauma, altered osmoregulation,
blood chemistry changes). Moderate to high
turbidity may cause behavioral alteration (e.g.,
avoidance responses) leading to increased
territoriality, reduced foraging opportunity,
increased predation exposure, and altered
migration behavior.

Adults: Reduction in suitable spawning
habitat (due to substrate embeddedness) and
reduced spawning success.

Ensure project design avoids and/or
minimizes habitat alterations leading to
chronic bank instability. Avoid short-
term turbidity effects above
background levels to greatest extent
practicable. Adhere to established
protocols for managing sediment and
turbidity.

May affect survival of incubating eggs
and alevins. May affect juvenile
growth and fitness and adult
productivity and spawning success.
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Table A-1 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chinook Salmon.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Resuspension of contaminated
sediments, resulting in exposure to
toxic substances

Introduction of toxic substances

Dependent on contributing
mechanism of impact

Temporary to short-
term (e.g.,
operational spills) to
long-term (e.g.,
reexposure of buried
contaminants)
dependent on
contributing
mechanism of impact

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and alevins;
Juveniles;
Adults

Eqggs and alevins: Decreased survival;
increased incidence of developmental
abnormalities leading to decreased survival
and fitness.

Juveniles and adults: Avoidance, mortality,
increased stress, reduced growth and fitness,
tissue bioaccumulation, increased disease
incidence, and reduced additional stressor
toleration, habitat avoidance, altered or
delayed migration behavior.

Identify and demarcate all areas with
contaminated sediments, manage and
avoid causes of sediment disturbance
(e.g., define and maintain vessel speed
limits in areas where contaminated
sediments could be disturbed). Ensure
procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of non-
toxic, biodegradable lubricants in
construction vessels.

Likelihood of egg and alevin exposure
is limited, as the majority of Chinook
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect survival,
growth, and fitness at juvenile life-
history stage. Reduced growth and
fitness may affect adult spawning
productivity.

Altered dissolved oxygen levels

Dependent on contributing
mechanism of impact

Temporary to short-
term (e.g.,

Intermittent to
permanent

Eggs and alevins;

All life-history stages: Mortality in acute low
dissolved oxygen events due to asphyxiation.

Avoid sediment pulses. Limit nutrient
inputs associated with discharges of

Likelihood of egg and alevin exposure
is limited, as the majority of Chinook

contaminant spill or (dependent on Juveniles; wastewater and gray water. Other spawning habitat is located in areas
discharge) to contributing Adults mechanism-specific measures as unsuitable for marina or terminal
seasonal (e.g., mechanism of appropriate. development. Should exposure occur,
reduced submerged impact) stressor may affect survival. May
aquatic vegetation affect juvenile survival and
productivity due to productivity as well as adult survival,
changes in ambient productivity, and spawning success.
light patterns),
dependent on
contributing
mechanism of impact

Altered pH levels Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles and adults: Physiological responses | Limit nutrient inputs with wastewater May affect survival and productivity of

mechanism of impact term (depending on interannual—decadal Adults to pH levels outside of optimal thresholds, and gray water holding and no direct juveniles and adults.

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.

waste discharge. Avoid curing of
concrete or discharge of concrete
leachate to surface waters.

Use of creosote-treated
wood

Leaching of polycyclic aromatic
hydrocarbons (PAHSs)

Leaching begins upon
installation, with highest
levels after initial immersion,
followed by peaks during
periods of increased

temperatures and higher flows.

Leaching more pronounced
when used in fresh water.
Spikes in concentration occur
during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.

Long-term (with
decreasing
concentration
intensity over time)

Continuous with
seasonal pulses
(associated with high
water temperature
and current velocity)

Eggs and alevins;
Juveniles;
Adults

All life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Use of ACZA- and CCA
type C-treated wood

Leaching of metals (Cu, As, Cr, Zn)

Leaching begins upon
installation, with highest
levels occurring within 7
months of initial immersion

Intermediate-term

Continuous with
seasonal pulses
(dependent on current
velocity)

Eggs and alevins;
Juveniles;
Adults

All life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Promote removal of creosote-treated
wood and prevent new uses in
accordance with pertinent regulations.
Avoid use of other treated wood
products where practicable. Use
alternative materials such as concrete,
galvanized steel, plastic lumber,
recycled plastics, and plastic coatings
where practicable. Where treated
wood is necessary, use dense-grained
material to limit leaching. Use plastic
or metal cuffs at abrasion points to
avoid fragmentation and release of
treated wood particulates.

Removal: Completely remove treated
wood where practicable, consistent
with WDNR Standard Practice
Memorandum. When piles are left in
place, cut off at least 2 ft below surface
and cap with clean sediment. Contain
and capture sawdust for disposal at
approved facility.

Likelihood of egg and alevin exposure
is limited, as the majority of Chinook
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect survival,
growth, and fitness of juveniles and
adults.
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Table A-1 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chinook Salmon.?

and nonpoint source
pollution

contaminants, nutrients, altered
dissolved oxygen, and increased
suspended solids

and spring and summer high

boat-use periods

Juveniles
Adults

altered pH, altered dissolved oxygen levels,
contaminant exposure, and increased
suspended solids.

low-impact development and
stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Increased stormwater Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Eggs and alevins; All life-history stages: Combined responses to | Require facilities to employ modern Likelihood of egg and alevin exposure

is limited, as the majority of Chinook
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect juvenile
survival, growth, and fitness. May
affect adult spawning productivity.

Riparian Vegetation
Modification

Riverine

Altered riparian shading

Altered ambient air
temperature regime

Expansion of thermal regime (i.e.,
increased summer temperatures,
decreased winter temperatures)

Year-round (pronounced in
winter/summer during solar

radiation and ambient
temperature extremes)

Long-term to
permanent
(dependent on nature
of riparian impacts).

Seasonal Eggs and alevins;
Juveniles;

Adults

Eggs and alevins: Direct mortality due to
winter ice formation and scour.

Juveniles: Altered growth and survival caused
by temperatures outside optimal growth range
and alteration of food web patterns.

Adults and juveniles: Direct mortality caused
by exposure to temperatures in excess of
tolerance thresholds.

Adults: Decreased spawning fitness due to
migration delays caused by thermal barriers.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Likelihood of egg and alevin exposure
is limited, as the majority of Chinook
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival. May
affect survival, growth, and fitness
during juvenile rearing. May affect
adult survival and spawning
productivity.

Altered stream bank and
shoreline stability

Increased suspended solids;
decreased redd dissolved oxygen;

Year-round (with specific
stressors prominent during

Intermediate-term to
long-term (dependent

Continuous to
seasonal (dependent

Eggs and alevins;

Eggs/alevins: Decreased incubation success
due to decreased redd dissolved oxygen as

Avoid/minimize disturbance of
riparian vegetation. Maintain system-

Likelihood of egg and alevin exposure
is limited, as the majority of Chinook

decreased area of suitable spawning | high flow conditions) on time required for on specific stressor) Juveniles; described for related stressor responses under | appropriate riparian buffer widths to spawning habitat is located in areas
habitat; reduced habitat complexity riparian recovery) Adults Water Quality Modification. the greatest extent possible. unsuitable for marina or terminal
(e.g., filling of pools) Juveniles: Decreased refuge habitat development. Should exposure occur,
availability and foraging opportunities, stressor may affect survival. May
leading to increased competition and resulting affe_ct S.“”"V?" ngV.Vt“ and fitness
effects on growth and fitness. Potential during Juv_enlle rearing. I_\/Iay affect
habitat avoidance and/or injury and mortality adult su.rv'lval and spawning
caused by excessive turbidity as described for productivity.
related stressor responses under Water Quality
Modification.
Adults: Decreased spawning success due to
decreased availability of suitable spawning
habitat. Potential migration delay, habitat
avoidance, and/or injury and mortality caused
by excessive turbidity as described for related
stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Avoid/minimize disturbance of May affect juvenile rearing.

inputs

derived prey resources; reduced
aquatic food web productivity due
to reduction in organic matter
inputs

due to decreased food web productivity and
decreased growth and fitness.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.
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Table A-1 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chinook Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered habitat Reduced recruitment of large Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile growth and
complexity woody debris, affecting habitat permanent Adults availability and foraging opportunities, permanent alteration of high-quality survival, as well as spawning success
structure, hydraulic and substrate (dependent on nature leading to increased competition and resulting | habitat features. and overall population productivity.
complexity, and availability of of activity) effects on growth and fitness.
organic subs.trz'ite. Reduced fooq Adults: Increased mortality; decreased fitness
web productivity, reduced foraging and spawning success due to decreased
opportunity, Tedu_c“O” mn available availability of suitable migratory and
cover, reduction in available s ina habitat
. - pawning habitat.
spawning habitat
Altered groundwater— Reduced available suitable Year-round Permanent Continuous Eggs and alevins; Eggs and alevins: Decreased incubation Avoid disturbance of vegetation along | May affect survival of eggs and
surface water exchange spawning habitat; reduced gravel Adults success. stream. alevins, as well as adult spawning
dissolved oxygen Adults: Decrease in suitable spawning productivity.
habitat, increased competition, decreased
spawning fitness and success.
Marine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round, (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile growth and
increased summer temperatures) summer during solar radiation | permanent temperature have a minor effect on nearshore riparian vegetation. Maintain system- | survival.
and ambient temperature (dependent on nature water temperatures relative to the dominant appropriate riparian buffer widths to
extremes) of riparian impacts) influence of marine tidal and current patterns, | the greatest extent possible.
wind conditions, and other factors. However,
- - juveniles trapped in habitats isolated by tidal
Altered ambient air exchange (e.g., pocket estuaries) may
temperature regime experience increased temperatures where
shade and buffer influence has been altered,
potentially leading to mortality or increased
thermal stress and decreased fitness.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival.
bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent availability and foraging opportunities, riparian vegetation. Maintain system-
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to
substrate composition, smothering riparian recovery) effects on growth and fitness. Potential the greatest extent possible.
of aquatic vegetation) habitat avoidance and/or injury and mortality
caused by excessive turbidity as described for
related stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Chinook dependence on Avoid/minimize disturbance of May affect juvenile growth and fitness.
inputs derived prey resources; reduced occurs during nearshore autochthonous inputs from marine riparian riparian vegetation. Maintain system-
aquatic food web productivity due rearing period in spring and vegetation is a data gap. However, Chinook appropriate riparian buffer widths to
to reduced organic matter inputs summer) are known to utilize terrestrial insect resources | the greatest extent possible.
recruited from the riparian zone. Alteration of
vegetation will therefore result in decreased
foraging opportunities, decreased growth and
fitness, and decreased productivity.
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival.
complexity woody debris, affecting habitat occurs during nearshore permanent availability and foraging opportunities, permanent alteration of high quality
structure, hydraulic and substrate rearing period in spring and (dependent on nature leading to increased competition and resulting | habitat features.
complexity, and availability of summer) of activity) effects on growth and fitness.
organic substrate; reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover
Altered freshwater input | Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Chinook dependence on Avoid disturbance of vegetation along | Effects of the action resulting from this
productivity; secondary effects on occurs during nearshore groundwater inflow to nearshore marine shoreline. impact mechanism are unknown.
habitat complexity (e.g., through rearing period in spring and habitats is currently a data gap.
alteration of aquatic vegetation) summer)
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Table A-1 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chinook Salmon.?

surface water exchange

productivity; secondary effects on
habitat complexity (e.g., through
alteration of aquatic vegetation)

occurs during predominantly
during spring outmigration
period through lakes)

groundwater inflow to nearshore lacustrine
habitats is currently a data gap.

the shoreline.

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Lacustrine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round, (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival.
increased summer temperatures, winter/summer during solar permanent temperature have a minor effect on nearshore riparian vegetation. Maintain system-
decreased winter temperatures) radiation and ambient (dependent on nature water temperatures relative to the dominant appropriate riparian buffer widths to
temperature extremes) of riparian impacts). influence of marine tidal and current patterns, | the greatest extent possible.
wind conditions, and other factors. However,
- - juveniles trapped in habitats isolated by tidal
Altered ambient air exchange (e.g., pocket estuaries) may
temperature regime experience increased temperatures where
shade and buffer influence has been altered,
potentially leading to mortality or increased
thermal stress and decreased fitness.
Altered shoreline Increased suspended solids; Year-round (with primary Intermediate-termto | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival.
stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent availability and foraging opportunities, riparian vegetation. Maintain system-
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to
substrate composition, smothering riparian recovery) effects on growth and fitness. Potential the greatest extent possible.
of aquatic vegetation) habitat avoidance and/or injury and mortality
caused by excessive turbidity, as described for
related stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Chinook are known to use Avoid/minimize disturbance of May affect juvenile growth and fitness.
inputs derived prey resources; reduced occurs predominantly during terrestrial insect resources recruited from the riparian vegetation. Maintain system-
aquatic food web productivity due spring outmigration period riparian zone. Alteration of vegetation will appropriate riparian buffer widths to
to reduction of organic matter through lakes) therefore result in decreased foraging the greatest extent possible.
inputs opportunities, decreased growth and fitness,
and decreased productivity.
Altered habitat Reduced food web productivity, Year-round (stressor exposure | Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival.
complexity reduced foraging opportunity, occurs during predominantly permanent availability and foraging opportunities, permanent alteration of high-quality
reduction in available cover during spring outmigration (dependent on nature leading to increased competition and resulting | habitat features.
period through lakes) of activity) effects on growth and fitness.
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Chinook dependence on Avoid disturbance of vegetation along | Effects of the action resulting from this

impact mechanism are unknown.
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Table A-1 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chinook Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile growth and fitness.
production in spring and summer when due to decreased food web productivity and offshore to limit grounding and prop
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles Juveniles: See related stressor responses aguatic vegetation to the greatest See effects for related stressors under
due to reduced photosynthesis in spring and summer when under Water Quality Modification. extent practicable. I_De5|gn overwater Water Quality Modification.
vegetation growth is most structures and_ mooring buoy_s in
extensive) a_ccprdancg with USACE guidance to
limit shading and anchor scour effects.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Construction: Avoid/minimize May affect juvenile survival. May
complexity reduced foraging opportunity, permanent Adults availability and foraging opportunities, Wancedf aquatic vegetation affect adult growth and spawning
reduction in available cover (dependent on nature leading to increased competition and predation quring proiect construction productivity.
of activity) exposure, resulting in decreased survival, gproj '
growth, and fitness. Operation: Enforce vessel operation
Adults: Decreased foraging opportunity due %5;&%2?&;?:;%%? g(r]gst\ll\(/:ash
to decreased food web productivity. grounding, and anchoring, and reduced
solar light penetration due to propeller-
induced fine bubbles.
Riverine and
Lacustrine
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile growth and fitness.
production in spring and summer when due to decreased food web productivity; offshore to limit grounding and prop
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles; Juveniles and adults: See related stressor aq‘tjat;c Vth?tatt')?n tgth? greatest t See effects for related stressors under
due to reduced photosynthesis in spring and summer when Adults responses under Water Quality Modification. gtxrlf:tu?ersacar:((:jamce)brinesgn overwater Water Quality Modification.
vegetation growth is most - g buoys In
extensive) a_ccprdancg with USACE guidance to
limit shading and anchor scour effects.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Construction: Avoid/minimize May affect juvenile survival, growth,
complexity reduced foraging opportunity, permanent Adults availability and foraging opportunities, Wemcedf aquatic vegetation and fitness, as well as adult spawning
reduction in available cover (dependent on nature leading to increased competition and resulting during proiect construction productivity.
of activity) effects on growth and fitness. uring _p ! uction. )
Adults: Increased mortality; decreased fitness Qﬁ)eriAOIU' _tEnfgrce vesdsel opf_ratlon
and spawning success due to decreased rules 1o imit submerged aquatic
AL - . vegetation damage from prop wash,
availability of suitable migratory and . .
spawning habitat. grounding, and anchoring.
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Table A-1 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chinook Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Riverine
Altered channel Change in habitat structure and Year-round Permanent Continuous Eggs and alevins; Eggs and alevins: Changes in channel Carefully evaluate project siting and May affect survival at egg, alevin, and
geometry habitat suitability, reduced food Juveniles: morphology, flow velocity, and substrate design and consider the magnitude of juvenile life-history stages. May affect
web complexity, and reduced ' composition can alter substrate composition impact mechanisms produced by the spawning productivity.
- spawning and rearing habitat - Adults and stability, leading to decreased incubation project. Encourage selection of project
Altered flow velocity availability and suitability eY)(e[)a‘(;’;Lc:’l;n:C((;YJV;:Pn;tgejz?lij Permanent Seasonal success and alevin survival. designs that minimize effects on
high-flow events, fall through Juveniles: Altered channel geometry, flow ggﬁgt?z{egggme%}ﬂmxglOC'ty’
spring) velocity, and substrate composition can result q P hange to th
- in decreased rearing habitat suitability, and grounawater exchange to the greatest
Altered _sgbstr_alte ) Year round Permanent Continuous changes in food web complexity. This may extent practicable.
composition (including limit foraging opportunities and increase
placement of non- competition for suitable habitats, leading to
erodable substrate) decreased growth, fitness, and survival.
Altered groundwater- Year-round (with stressor Permanent Continuous Adults: Changes in channel morphology may
surface water exchange exposure occurring during egg lead to alteration of the migratory corridor and
incubation and juvenile a reduction in suitable resting habitat, leading
rearing) to increased stress and decreased spawning
success. Changes in substrate composition
and stability resulting from altered channel
geometry and flow velocity may lead to
decreased spawning success (e.g., through
reduction in suitable spawning locations
and/or increased scour and/or sedimentation of
redds) if potential spawning habitat is affected.
Addition of impervious Alteration in the magnitude, During storm events Permanent Common Eggs and alevins; All life-history stages: Because the amount of | Encourage facilities to employ modern | Impervious surface at anticipated scale
surface volume, and timing of peak flows (predominantly from fall Juveniles impervious surface associated with marinas is | low-impact development and would not produce stressors of
through spring) a relatively inconsequential component of the | stormwater treatment technology. sufficient magnitude to adversely
Adults overall drainage area of the larger river affect Chinook at any life-history
systems that would support this type of stage.
development, the magnitude of the hydrologic
modification stressor is expected to be
negligible. As such, this stressor is not
expected to significantly affect the riverine
environment, and there will be no response to
the stressor.
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Table A-1 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chinook Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Juveniles Juveniles: Wave energy, current velocity, Carefully evaluate project siting and May affect survival and productivity at
habitat suitability; reduced food exposure occurring in spring sediment supply, substrate composition, and design and consider the magnitude of juvenile life-history stage. Decreased
web complexity, habitat and summer when juveniles groundwater inputs are core ecosystem impact mechanisms produced by the fitness may affect survival and
availability, and suitability occupy nearshore habitats for processes and characteristics that compose the | project. Encourage selection of project | productivity during ocean migration
rearing) nearshore ecosystem. Alteration in one or designs that minimize effects on life-history phase.
Altered current Year-round (with variable Permanent Intermittent more of t_hesg parameters can fundqmentally sediment supply, longshore drift
velocities effects depending on site- alter marine littoral habitats, potentially patterns, and wave ene'rgy and current
specific current dynamics and _decrea_15|ng t_he suitability of rearing habitat for | patterns. For example:
project configuration) JuveriggEhiiie salmon._ Th's may occur e  Permeable breakwaters that
- through a number of specific stressors, maintain longshore drift patterns
Altered nearshore Year-round (with seasonally Permanent Seasonal including increased exertion and stress due to ’
circulation patterns variable effects depending on change in current and wave energy patterns, Suggest alternative designs for
site-specific geography and increased predation exposure due to reduction projects that fragment sources of
bathymetry, and project in available cover or exposure to deep water sediment recruitment and
configuration) habitat, food web alterations and decreased groundwater supply.
Altered sediment supply Year-round (beginning with Permanent Continuous foraging opportunity, and increased *  Require beach nourishment to
project installation and compgtltlon for suitable habitats. The maintain substrate and beach
becoming more pronounced combined effects of these stressors can result profile characteristics where
over time) in decreased growth and productivity, impacts are unavoidable.
decreased fitness for marine migration, and
Altered substrate Year-round (beginning with Permanent Continuous direct mortality.
composition project installation and
becoming more pronounced
over time [e.g., due to
accumulation of shell hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater- Year-round Permanent Continuous
surface water exchange
Addition of impervious Increased stormwater and nonpoint | During storm events Permanent Intermittent Juveniles; See Increased Stormwater and nonpoint Require facilities to employ modern May affect survival, growth, and
surface source pollution (predominantly from fall Adults source pollution in Water Quality low-impact development and fitness at juvenile life-history stage.
through spring) Modification discussion. stormwater treatment technology. May affect adult survival and
Include operational requirements for spawning productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
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Table A-1 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chinook Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Lacustrine
Altered wave energy Change in habitat structure and Year-round (with predominant | Permanent Continuous Juveniles; Juveniles and adults: Wave energy, current Carefully evaluate project siting and May affect survival at juvenile life-
(short-period waves) habitat suitability; reduced food effects from fall through Adults velocity, sediment supply, substrate design and consider the magnitude of history stage. Decreased fitness may
web complexity, habitat spring when wind-driven composition, and groundwater inputs are core | impact mechanisms produced by the lead to reduced spawning productivity.
availability, and suitability waves are most pronounced) ecosystem processes and characteristics that project. Encourage selection of project
Altered current Year-round (with effects more | Permanent Common compose the nearshore ecosystem. Alteration des!gns that minimize effects on
velocities predominant in reservoirs in one or more of these parameters can sediment supply, longshore drift
versus natural lakes) fundamentally alter lacustrine littoral habitats, | patterns, and wave energy and current
- - potentially decreasing the suitability of rearing | patterns. For example:
Altered nearshore Year-round (with variable Permanent Seasonal habitat for juvenile and migratory habitat for
circulation patterns effects by season [e.g., : - e Permeable breakwaters that
. - adult Chinook salmon. This may occur maintain longshore drift patterns
circulation patterns]) through a number of specific stressors, '
Altered sediment supply Year-round Permanent Continuous including increased exertion and stress due to | ®  Suggest alternative designs for
Altered substrate Year-round Permanent Continuous change in current and wave energy patterns, projects that fragment sources of
composition increased predation exposure due to reduced sediment recruitment and
Altered groundwater- Year-round Permanent Continuous cover or exposure to deep water habitat, food groundwater supply.
surface water exchange web alterations and decreased foraging e Require beach nourishment to
opportunity, and increased competition for maintain substrate and beach
suitable habitats. The combined effect of prof”e characteristics where
these stressors can result in decreased growth impacts are unavoidable.
and productivity, decreased fitness for marine
migration, and direct mortality. Adult
Chinook will generally be less sensitive to
these stressors. However, increased stress and
delayed migration in the migratory corridor
may reduce fitness and ultimately reduce
spawning success.
Addition of impervious Increased stormwater and nonpoint | During storm events Permanent Intermittent Juveniles; See Increased Stormwater and nonpoint Require facilities to employ modern May affect survival, growth, and
surface source pollution (predominantly from fall Adults source pollution in Water Quality low-impact development and fitness at juvenile life-history stage.
through spring) Modification discussion. stormwater treatment technology. May affect adult survival and
Include operational requirements for spawning productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

# For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-2. HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

Sub-
activity

Type Mechanism of Impact

Construction and
Maintenance Activities

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Marinas and Shipping/Ferry Terminals

term (hearing
threshold effects)

project construction
and maintenance)

increase risk of predation and/or decrease
foraging efficiency due to decreased ability to
sense predators and/or prey.

vessels equipped with antinoise/
antivibration technology where
practicable.

Pile driving Increased underwater noise levels During project construction Temporary (auditory | Interannual to Juveniles; All exposed life-history stages: Stressor Avoid pile-driving noise in excess of Activity may affect survival and
and maintenance activities masking) to short- decadal (during Adults response dependent on noise magnitude and impact thresholds established by productivity at all life-history stages,
term (hearing project construction project-specific environmental conditions; NOAA Fisheries and USFWS in depending on project-specific noise
threshold effects) and maintenance) may range from: habitats used by species. Limit pile intensity and receptor exposure.
. . ; ; driving to in-water work windows. Should exposure occur, direct
gz:z;gglIJir%i?irngetromsehnrsril\t/;lfdltory tissue Use double-confined bubble curta_in to mortality or injury is probable.
reduce sound pressure, or work within
= Increased predation risk and decreased confined or dewatered work areas.
foraging success due to auditory masking | Encourage use of vibratory hammers
and/or temporary hearing threshold effects | and wooden pilings where practicable.
that increase risk of predation and/or
decrease foraging efficiency due to
decreased ability to sense predators and
prey.
= Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles; Adults and juveniles: Auditory masking or Avoid/minimize propeller cavitation to | May affect survival, growth, and
operation levels and maintenance activities masking) to short- decadal (during Adults temporary hearing threshold effects may limit noise intensity. Promote use of fitness due to avoidance behavior,

decreased foraging success, and
increased predation risk.

Channel/work area
dewatering

Fish removal, relocation, and During project construction Short-term Interannual to Eggs and alevins; Eggs and alevins: Mortality, injury, or stress Use protocols established by NOAA Likelihood of egg and alevin exposure
exclusion and maintenance activities decadal (depending Juveniles: from capture, handling, and relocation. Egg Fisheries and WDFW/WSDOT to is limited, as the majority of coho
on activity ' relocation is impractical, likely leading to avoid and minimize impacts. spawning habitat is located in areas
frequency) Adults mortality. unsuitable for marina or terminal
Adults and juveniles: Mortality, injury, or ﬂevelopmgnt. tShOUItdﬁtXpOSl.”? oceur,
stress from capture, handling, and relocation. OWEVEr, direct mortality or Injury 1
. . probable. May cause direct injury or
Juveniles: Increased competition once mortality of juveniles and adults.
relocated, reduced growth and fitness, and Stress may affect survival, growth, and
increased predation exposure. fitness and adult spawning
Adults: Delayed migration resulting in productivity.
decreased fitness and spawning success.
Entrainment in pumps or During project construction Short-term Interannual to Eggs and alevins; Eqgs, alevins, and juveniles: Injury or Install and maintain pump screens Likelihood of egg and alevin exposure

impingement on pump screens

and maintenance activities

decadal (depending
on activity
frequency)

Juveniles

mortality from entrainment or impingement.

consistent with WDFW protocols.
Adhere to system-specific in-water
work windows, avoid use when
juveniles are present.

is limited as the majority of coho
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. May cause direct mortality
or injury at juvenile life-history stage.
Stress may affect survival, growth, and
fitness and adult spawning
productivity.
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Table A-2 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

dredging

substrate characteristics

and maintenance activities

Juveniles;
Adults

described under Hydraulic and Geomorphic
Modification.

currently filled or degraded shallow
shoreline habitats.

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered flow conditions (riverine) During project construction Short-term Interannual to Eggs and alevins; Eggs and alevins: Potential redd scour and/or | Limit alteration of flow conditions to Likelihood of egg and alevin exposure
and maintenance activities decadal (depending Juveniles: sedimentation, resulting in decreased minimal area. is limited as the majority of coho
on activity ' incubation success. spawning habitat is located in areas
frequency) Adults Juveniles: Altered habitat suitability, unsuitable for marina or terminal
increased stress, increased competition, development. Should exposure occur,
decreased growth and fitness. however, decregsed sur\_/lval is likely.
R May affect survival during egg and
Adults: Delayed migration, increased stress, alevin life-history stage, may affect
decreased spawning fitness. adult spawning productivity.
Altered current and circulation During project construction Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, Limit alteration of current and May affect juvenile growth and fitness,
conditions (marine and lacustrine) and maintenance activities decadal (depending Adults increased stress, increased competition, circulation patterns to greatest extent potentially limiting survival during
on activity decreased growth and fitness. practicable to minimal area. ocean migration; may affect adult
frequency) Adults: Delayed migration, increased stress, spawning productivity.
decreased spawning fitness.
Streambed disturbance, increased During project construction Temporary Interannual to Eggs and alevins; Eqggs and alevins: Potential decreased egg Adhere to system-specific in-water May affect growth and fitness at egg
turbidity (associated with site and maintenance activities decadal (depending Juveniles: incubation success and alevin survival due to work windows. Avoid work during and alevin life-history stages; may
rewatering) on activity ' turbidity exposure and substrate disturbance. egg incubation periods. affect adult fitness and spawning
frequency) Adults Juveniles: Stress and behavioral productivity. Likelihood of egg and
modifications by rearing juveniles exposed to ale\_/ln. EXpOSUre 1S I'm't?d' as th_e .
sediment pulses, migration delay, reduced majority of coho spawning habitat is
foraging opportunities, and increased located in areas unsuitable for marina
predation risk. or terminal development. S.hould
exposure occur, however, direct
Adults: Stress and behavioral modifications mortality or injury is probable.
by adults exposed to sediment pulses,
potential migration delay leading to reduced
spawning productivity, reduced foraging
opportunities, and increased predation risk.
Localized alteration in invertebrate | During project construction Short-term Interannual to Juveniles Juveniles: Short-term reduction in foraging Limit area of dewatering to the greatest | May affect growth and productivity at
abundance and maintenance activities decadal (depending opportunity, increased competition, decreased | extent practicable. juvenile life-history stage.
on activity growth and fitness.
frequency)
Increased suspended solids During project construction Short-term Interannual to Eggs and alevins; All exposed life-history stages: See responses | Limit area of dewatering to the greatest | See effects for related stressors under
and maintenance activities decadal (depending Juveniles: to related stressors under Water Quality extent practicable. Follow established | Water Quality Modification.
on activity ' Modification. protocols for dewatering and
frequency) Adults rewatering. Adhere to system-specific
in-water work windows.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual-decadal Eggs and alevins; All exposed life-history stages: See responses | Avoid fill or, if unavoidable, restore Likelihood of egg and alevin exposure

is limited as the majority of coho
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. See effects for related
stressors under Hydraulic and
Geomorphic Modification.

Aquatic vegetation removal and
delayed recovery

During project construction
and maintenance activities

Intermediate-term

Interannual-decadal

Juveniles;
Adults

Juveniles and adults: See responses described
under Aquatic Vegetation Modification.

Limit dredging related disturbance of
submerged aquatic vegetation to the
greatest extent practicable through
project siting.

See effects for related stressors under
Aquatic Vegetation Modification.
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Table A-2 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Entrainment of benthic organisms,
increased suspended solids,
resuspension of contaminated
sediments

During project construction
and maintenance activities

Temporary to short-
term

Interannual-decadal

Eggs and alevins;
Juveniles;
Adults

Eggs and alevins: Mortality or injury from
entrainment.

Juveniles: Altered migratory behavior.
Decreased foraging opportunity due to short-
term reduction in prey abundance. Decreased
growth and fitness.

All life-history stages: See responses
described for related stressors under Water
Quality Modification.

Limit dredging-related turbidity to the
greatest extent practicable. Adhere to
system-specific in-water work
windows.

Likelihood of egg and alevin exposure
is limited as the majority of coho
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. May affect survival during
egg and alevin life-history stages.

May affect juvenile growth and fitness.
See effects for related stressors on all
life-history stages under Water Quality
Modification.

Facility Operation and
Vessel Activities

Grounding, anchoring, Increased turbidity, disturbed Year-round (with intensity Permanent Common Eggs and alevins; All life-history stages: Response to increased | Site facilities in deeper water to avoid Likelihood of egg and alevin exposure
and/or prop wash benthic area dependent on facility activity Juveniles: turbidity exposure as described for related suspension of sediments from prop is limited as the majority of coho
peaks) ' stressors under Water Quality Modification. wash and grounding. Prevent or spawning habitat is located in areas
Adults Response to benthic disturbance as described discourage anchoring and provide unsuitable for marina or terminal
for Hydraulic and Geomorphic Modification. alternatives such as mooring buoys development. See effects for related
designed in accordance with USACE stressors under Water Quality
guidance. Modification and Hydraulic and
Geomorphic Modification.
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid | See effects for related stressors under
disturbance prevalent during spring and common Aguatic Vegetation Modification. suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods, with wash and grounding. Prevent or
intensity dependent on discourage anchoring and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Freshwater aquatic vegetation Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Aquatic Vegetation Modification. suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods, with wash and grounding. Prevent or
intensity dependent on discourage anchoring and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year round (with intensity Permanent Intermittent to Eggs and alevins; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under

operational discharges

dissolved oxygen, and dependent on facility activity common Juveniles; altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) Adults suspended solid exposure as described for discharge of ballast water where

related stressors under Water related stressors Water Quality Modification. practicable.

Quality Modification

Introduction of non-native species Year round (with intensity Permanent (once Common Eggs and alevins; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival, growth, and

dependent on facility activity invasive species are introductions with Juveniles; interactions and food web organization, to ballast water management fitness at all life-history stages.
peaks) established) interannual to Adults exposure to non-native pathogens. regulations. Provide for upland
decadal colonization discharge of ballast water where
events practicable.
Increased or altered Auditory masking and/or alteration | Year-round, with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration limits, | May affect survival, fitness, and
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to avoid cavitation. growth due to avoidance behavior,

peaks (stressor exposure
occurring in spring and
summer during nearshore

migration)

sense predators and/or prey, increasing risk of
predation and decreasing foraging efficiency.

decreased foraging success, and
increased predation risk.
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Table A-2 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles Juveniles: Pause or change of migration Design facilities so majority of May affect growth and survival, may
modification and moored vessel hulls, creating sunset (stressor exposure direction; increased energy expense; reduced structural and moorage shading occurs | delay outmigration resulting in reduced
light contrasts requiring visual and occurs in spring and summer foraging success; increased predation offshore away from submerged aquatic | marine survival.
behavioral adaptation during nearshore migration) exposure. vegetation, migration corridors, and
foraging habitats. Allow at least 10™
ft-c light under dock structure to limit
changes in ambient light conditions
and effects on submerged aquatic
vegetation.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles Juveniles: Attraction to lighted area, delaying | Reduce and shield facility and vessel May affect juvenile survival, may
vessel lighting, creating light sunrise (stressor exposure or altering migration. Increased predation lighting to limit nighttime illumination | delay outmigration resulting in reduced
contrasts requiring visual and occurs in spring and summer exposure. of the underwater environment. marine survival.
behavioral adaptation during nearshore migration)
Shading from structures and Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Limit project structural May affect juvenile growth and fitness.
vessels, resulting in loss of aquatic in spring and summer when due to decreased food web productivity, footprint to minimize shading of
vegetation vegetation growth is most decreased growth and fitness. See Aquatic aquatic vegetation to the greatest
extensive) Vegetation Modification for additional detail extent practicable. Design overwater
and related stressors. structures and mooring buoys in
accordance with USACE guidance to
limit shading and anchor scour effects.
Operation: Enforce vessel operation
rules to limit submerged aquatic
penetration damage from prop wash,
grounding, and anchoring, and reduced
ambient solar light penetration due to
propeller-induced fine bubbles.
Marine systems: Decreased light Year-round, sunrise to sunset, | Permanent Continuous to Juveniles Juveniles: See impact mechanisms, stressors, | Enforce speed and acceleration limits, | May affect juvenile growth and fitness.
penetration due to increased surface | with intensity dependent on intermittent and stressor responses under Aquatic avoid propeller cavitation.
reflectance from fine bubble facility activity peaks (stressor Vegetation Modification.
profusion produced by propeller exposure occurs in spring and
action summer during nearshore
migration)
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Table A-2 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Water Quality
Modification

Increased suspended solids

Dependent on contributing
mechanism of impact

Temporary to short-
term (dependent on
contributing
mechanism of
impact)

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and alevins;
Juveniles;
Adults

Eggs and alevins: Turbidity sufficient to
cause fine sediment embeddedness may lead
to direct mortality and decreased survival of
eggs and alevins through reduction in
substrate dissolved oxygen.

Juveniles and adults: Responses vary
depending on stressor magnitude.
Unavoidable extreme turbidity may cause
physical injury and/or physiological effects
(e.g., gill trauma, altered osmoregulation,
blood chemistry changes). Moderate to high
turbidity may cause behavioral alteration (e.g.,
avoidance responses) leading to increased
territoriality, reduced foraging opportunity,
increased predation exposure, and altered
migration behavior.

Adults: Reduction in suitable spawning
habitat (due to substrate embeddedness) and
reduced spawning success.

Ensure project design avoids and/or
minimizes habitat alterations leading to
chronic bank instability. Avoid short-
term turbidity effects above
background levels to greatest extent
practicable. Adhere to established
protocols for managing sediment and
turbidity.

May affect survival of incubating eggs
and alevins. May affect juvenile
growth and fitness, as well as adult
productivity and spawning success.

Resuspension of contaminated
sediments, resulting in exposure to
toxic substances

Introduction of toxic substances

Dependent on contributing
mechanism of impact

Temporary to short-
term (e.g.,
operational spills) to
long-term (e.g.,
reexposure of buried
contaminants)
dependent on
contributing
mechanism of impact

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and alevins;
Juveniles;
Adults

Eqggs and alevins: Decreased survival,
increased incidence of developmental
abnormalities leading to decreased survival
and fitness.

Juveniles and adults: Avoidance, mortality,
increased stress, reduced growth and fitness,
tissue bioaccumulation, increased disease
incidence, and reduced additional stressor
toleration, habitat avoidance, altered or
delayed migration behavior.

Identify and demarcate all areas with
contaminated sediments, manage and
avoid causes of sediment disturbance
(e.g., define and maintain vessel speed
limits in areas where contaminated
sediments could be disturbed). Ensure
procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of non-
toxic, biodegradable lubricants in
construction vessels.

Likelihood of egg and alevin exposure
is limited as the majority of coho
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect growth and
fitness at juvenile life-history stages.
Reduced growth and fitness may affect
adult spawning productivity.

Altered dissolved oxygen levels

Dependent on contributing

Temporary to short-

Intermittent to

Eggs and alevins;

All life-history stages: Mortality in acute low

Avoid sediment pulses. Limit nutrient

Likelihood of egg and alevin exposure

mechanism of impact term (e.g., permanent Juveniles; dissolved oxygen events due to asphyxiation. inputs associated with discharges of is limited as the majority of coho
contaminant spill or (dependent on Adults wastewater and gray water. Other spawning habitat is located in areas
discharge) to contributing mechanism-specific measures as unsuitable for marina or terminal
seasonal (e.g., mechanism of appropriate. development. Should exposure occur,
reduced submerged impact) stressor may affect survival. May
aquatic vegetation affect juvenile survival, growth, and
productivity due to fitness and adult survival, productivity,
changes in ambient and spawning success.
light patterns)
dependent on
contributing
mechanism of impact

Altered pH levels Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles and adults: Physiological responses Limit nutrient inputs with wastewater May affect survival and fitness of
mechanism of impact term (depending on interannual—decadal Adults to pH levels outside of optimal thresholds, and gray water holding and no direct juveniles and adults.

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.

waste discharge. Avoid in-water
curing of concrete or discharge of
concrete leachate to surface waters.
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Table A-2 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

followed by peaks during
periods of increased
temperatures and higher flows.
Leaching more pronounced
when used in fresh water.
Spikes in concentration will
occur during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.

intensity over time)

high-water
temperature and
current velocity)

levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Use of ACZA- and CCA
type C-treated wood

Leaching of metals (Cu, As, Cr, Zn)

Leaching begins upon
installation with highest levels
occurring within 7 months of
initial immersion. Spikes in
concentration will occur
during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.

Intermediate-term

Continuous with
seasonal pulses
(dependent on current
velocity)

Eggs and alevins;
Juveniles;
Adults

All life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

products where practicable. Use
alternative materials such as concrete,
galvanized steel, plastic lumber,
recycled plastics, and plastic coatings
where practicable. Where treated
wood is necessary, use dense-grained
material to limit leaching. Use plastic
or metal cuffs at abrasion points to
avoid fragmentation and release of
treated wood particulates.

Removal: Completely remove treated
wood where practicable, consistent
with WDNR Standard Practice
Memorandum. When piles are left in
place, cut off at least 2 ft below surface
and cap with clean sediment. Contain
and capture sawdust for disposal at
approved facility..

Sub- Exposure )
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Use of creosote-treated Leaching of polycyclic aromatic Leaching begins upon Long-term (with Continuous with Eggs and alevins; All life-history stages: Physiological Promote removal of creosote-treated Likelihood of egg and alevin exposure
wood hydrocarbons (PAHSs) installation, with highest decreasing seasonal pulses Juveniles: responses to exposure at toxic levels, causing | wood and prevent new usesin is limited as the majority of coho
levels after initial immersion, | concentration (associated with ' mortality or injury leading to reduced fitness. | accordance with pertinent regulations. | spawning habitat is located in areas
Adults Bioaccumulation of contaminants at subacute Avoid use of other treated wood unsuitable for marina or terminal

development. Should exposure occur
stressor may affect survival, growth,
and fitness. May affect survival,
growth and fitness of juveniles and
adults.

Increased stormwater
and nonpoint source
pollution

Combined effects of altered pH,
contaminants, nutrients, altered
dissolved, and increased suspended
solids

Fall and winter rain events,
and spring and summer high
boat-use periods

Permanent

Intermittent Eggs and alevins;
Juveniles;

Adults

All life-history stages: Combined responses to
altered pH, altered dissolved oxygen levels,
contaminant exposure, and increased
suspended solids.

Require facilities to employ modern
low impact development and
stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage, and
overwater washdowns.

Likelihood of egg and alevin exposure
is limited as the majority of coho
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur
stressor may affect survival, growth
and fitness.

May affect juvenile survival, growth
and fitness. May affect adult spawning
productivity.

Riparian Vegetation
Modification

Riverine

Altered riparian shading

Altered ambient air
temperature regime

Expansion of thermal regime (i.e.,
increased summer temperatures,
decreased winter temperatures)

Year-round (pronounced in
winter/summer during solar
radiation and ambient
temperature extremes)

Long-term to
permanent
(dependent on nature
of riparian impacts)

Seasonal Eggs and alevins;
Juveniles;

Adults

Eggs and alevins: Direct mortality due to
winter ice formation and scour.

Juveniles: Altered growth and productivity
caused by temperatures outside optimal
growth range, and alteration of food web
patterns.

Adults and juveniles: Direct mortality caused
by exposure to temperatures in excess of
tolerance thresholds.

Adults: Decreased spawning fitness due to
migration delays caused by thermal barriers.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Likelihood of egg and alevin exposure
is limited as the majority of coho
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival. May
affect survival, growth, and fitness
during juvenile rearing. May affect
adult survival and spawning
productivity.
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Table A-2 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

Sub- Exposure )
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism

Altered stream bank and
shoreline stability

Increased suspended solids;
decreased redd dissolved oxygen;

Intermediate-term to
long-term (dependent

Year-round (with specific
stressors prominent during

Continuous to
seasonal (dependent

Eggs and alevins;

Eggs/alevins: Decreased incubation success
due to decreased redd dissolved oxygen as

Avoid/minimize disturbance of
riparian vegetation. Maintain system-

Likelihood of egg and alevin exposure
is limited as the majority of coho

surface water exchange

spawning habitat; reduced gravel
dissolved oxygen

Juveniles;
Adults

success.

Juveniles: Decreased availability of thermal
refuge habitat, resulting in increased thermal
stress, increased competition for suitable
habitats.

Adults: Decrease in suitable spawning
habitat, increased competition, decreased
spawning fitness and success.

with springs, seeps, or other sources of
significant groundwater recharge.
Limit alteration of riparian vegetation
to greatest extent practicable.

decreased area of suitable spawning | high flow conditions) on time required for on specific stressor) Juveniles; described for related stressor responses under | appropriate riparian buffer widths to spawning habitat is located in areas
habitat; reduced habitat complexity riparian recovery) Adults Water Quality Modification. the greatest extent possible. unsuitable for marina or terminal
(e.g., filling of pools) Juveniles: Decreased refuge habitat development. Should exposure occur,
availability and foraging opportunities, stressor may affect survival. _May
leading to increased competition and resulting affe.Ct s.urvwz'al, ngV.Vthv and fitness
effects on growth and fitness. Potential during juvenile rearing. May affect
habitat avoidance and/or injury and mortality adult su_rv_lval and spawning
caused by excessive turbidity, as described for productivity.
related stressor responses under Water Quality
Modification.
Adults: Decreased spawning success due to
decreased availability of suitable spawning
habitat. Potential, migration delay, habitat
avoidance, and/or injury and mortality caused
by excessive turbidity, as described for related
stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Avoid/minimize disturbance of May affect juvenile rearing.
inputs derived prey resources; reduced due to decreased food web productivity; riparian vegetation. Maintain system-
aquatic food web productivity due decreased growth and fitness. appropriate riparian buffer widths to
to reduction in organic matter the greatest extent possible.
inputs
Altered habitat Reduced recruitment of large Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile growth and
complexity woody debris, affecting habitat permanent Adults availability and foraging opportunities, permanent alteration of high-quality survival, spawning success, and overall
structure, hydraulic and substrate (dependent on nature leading to increased competition, and resulting | habitat features. population productivity.
complexity, and availability of of activity) effects on growth and fitness.
organic subs_trqte; reduced food . Adults: Increased mortality, decreased fitness,
web prod_uct|V|ty, rgduged fofag'”g and spawning success due to decreased
opportunity, reduction in available availability of suitable migratory and
cover, reduction in available spawning habitat.
spawning habitat (freshwater)
Altered groundwater— Reduced available suitable Year-round Permanent Continuous Eggs and alevins; Eggs and alevins: Decreased incubation Avoid permitting of projects in areas May affect survival of eggs and

alevins. May affect juvenile survival
and growth. May affect adult
spawning productivity.
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Table A-2 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

surface water exchange

productivity; secondary effects on
habitat complexity (e.g., through
alteration of aquatic vegetation)

occurs during nearshore

rearing period in spring and

summer)

inflow to nearshore marine habitats is
currently a data gap.

shoreline.

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival and
increased summer temperatures) summer during solar radiation | permanent temperature have a minor effect on nearshore riparian vegetation. Maintain system- | growth.
and ambient temperature (dependent on nature water temperatures relative to the dominant appropriate riparian buffer widths to
extremes) of riparian impacts) influence of marine tidal and current patterns, | the greatest extent possible.
wind conditions, and other factors. However,
juveniles trapped in habitats isolated by tidal
Altered ambient air exchange (e.g., pocket estuaries) may
temperature regime experience increased temperatures where
shade and buffer influence has been altered,
potentially leading to mortality or increased
thermal stress and decreased fitness. This
effect may be limited in magnitude, however,
as juvenile coho use of littoral habitats is
relatively limited.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival and
bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent availability and foraging opportunities, riparian vegetation. Maintain system- | fitness.
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to
substrate composition, smothering riparian recovery) effects on growth and fitness. This effect may | the greatest extent possible.
of aquatic vegetation) be limited in magnitude, however, as juvenile
coho use of littoral habitats is relatively
limited. Potential habitat avoidance and/or
injury and mortality caused by excessive
turbidity as described for related stressor
responses under Water Quality Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Coho dependence on Avoid/minimize disturbance of May affect juvenile growth and fitness.
inputs derived prey resources; reduced occurs during nearshore autochthonous inputs from marine riparian riparian vegetation. Maintain system-
aquatic food web productivity due rearing period in spring and vegetation is a data gap. However, coho are appropriate riparian buffer widths to
to reduced organic matter inputs summer) known to use terrestrial insect resources the greatest extent possible.
recruited from the riparian zone. Alteration of
vegetation will therefore result in decreased
foraging opportunities, decreased growth and
fitness, and decreased productivity.
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival.
complexity woody debris, affecting habitat occurs during nearshore permanent availability and foraging opportunities, permanent alteration of high-quality
structure, hydraulic and substrate rearing period in spring and (dependent on nature leading to increased competition and resulting | habitat features.
complexity, and availability of summer) of activity) effects on growth and fitness.
organic substrate; reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Coho dependence on groundwater Avoid disturbance of vegetation along | Effects of the action resulting from this

impact mechanism are unknown.
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Table A-2 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

surface water exchange

productivity; secondary effects on
habitat complexity (e.g., through
alteration of aquatic vegetation)

occurs during nearshore
rearing period in spring and
summer)

inflow to littoral lacustrine habitats is
currently a data gap. However, loss of
groundwater may lead to reduction in shallow
water thermal refuge, increased competition,
and decreased foraging opportunity.

shoreline.

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Lacustrine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round, (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival, growth,
increased summer temperatures, winter/summer during solar permanent temperature have a minor effect on nearshore riparian vegetation. Maintain system- | and fitness.
decreased winter temperatures) radiation and ambient (dependent on nature water temperatures relative to the dominant appropriate riparian buffer widths to
temperature extremes) of riparian impacts) influence of lake stratification, reservoir the greatest extent possible.
current patterns, wind conditions, and other
- - factors. However, shallow littoral habitats
Altered ambient air may experience increased temperatures due to
temperature regime lack of shade, leading to decreased availability
of refuge and forage habitat, increased
competition, and increased predation
exposure.
Altered shoreline Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival growth
stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent availability and foraging opportunities, riparian vegetation. Maintain system- | and fitness.
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to
substrate composition, smothering riparian recovery) effects on growth and fitness. Potential the greatest extent possible.
of aquatic vegetation) habitat avoidance and/or injury and mortality
caused by excessive turbidity as described for
related stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Coho dependence on Avoid/minimize disturbance of May affect juvenile growth, fitness,
inputs derived prey resources. Reduced occurs during nearshore autochthonous inputs from lacustrine riparian riparian vegetation. Maintain system- | and survival.
aquatic food web productivity due rearing period in spring and vegetation is a data gap. However, coho are appropriate riparian buffer widths to
to reduction of organic matter summer) known to use terrestrial insect resources the greatest extent possible.
inputs. recruited from the riparian zone. Alteration of
vegetation will therefore result in decreased
foraging opportunities, decreased growth and
fitness, and decreased productivity.
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile growth and fitness.
complexity woody debris, affecting habitat occurs during nearshore permanent availability and foraging opportunities, permanent alteration of high-quality
structure, hydraulic and substrate rearing period in spring and (dependent on nature leading to increased competition and resulting | habitat features.
complexity, and availability of summer) of activity) effects on growth and fitness.
organic substrate; reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Coho dependence on groundwater Avoid disturbance of vegetation along | May affect juvenile survival, growth,

and fitness.
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Table A-2 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile survival, growth
production in spring and summer when due to decreased food web productivity, offshore to limit grounding and prop and fitness.
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles Juveniles: See related stressor responses Z?(Eearﬂc \I’/:gt?;[:?itll)log t%g;? %rgaxl/t:rsvtvater See effects for related stressors under
due to reduced photosynthesis in spring and summer when under Water Quality Alteration. P - DesIg . Water Quality Modification.
vegetation growth is most structures and mooring buoys in
extensive) accordance with USACE guidance to
limit shading and anchor scour effects.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Construction: Avoid/minimize May affect juvenile survival, growth,
complexity reduced foraging opportunity, permanent Adults availability and foraging opportunities, Wancedf aquatic vegetation and fitness. May affect adult growth
reduction in available cover, (dependent on nature leading to increased competition and predation during proiect cgnstructi(?n and spawning productivity.
of activity) exposure resulting in decreased survival, gproj :
growth, and fitness. Operation: Enforce vessel operation
i . . rules to limit submerged aquatic
Adults: Decreased foraging opportunity due vegetation damage from prop wash,
to decreased food web productivity. grounding, and anchoring, as well as
Decreased growth and reproductive fitness. reduced ar’nbient light fror’n fine bubble
profusion.
Riverine and
Lacustrine
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile growth and fitness.
production in spring and summer when due to decreased food web productivity; offshore to limit grounding and prop
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles; Juveniles and adults: See related stressor :ﬂ;’e&rﬂc \r/:gt?::?ll)?; tggsl? ?lrze\l/tsrsvtvater See effects for related stressors under
due to reduced photosynthesis in spring and summer when Adults responses under Water Quality Modification. P - DesIg . Water Quality Modification.
vegetation growth is most structures and' mooring buoy; in
extensive) accordance with USACE guidance to
limit shading and anchor scour effects.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Construction: Avoid/minimize May affect juvenile survival, growth,
complexity reduced foraging opportunity, permanent availability and foraging opportunities, Wancedf aquatic veaetation and fitness.
reduction in available cover (dependent on nature leading to increased competition and resulting during proiect cgnstructi(?n
of activity) effects on growth and fitness. gproj '
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring.
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Table A-2 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

Sub-
activity
Type

Exposure
Resulting Effects of the
Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Riverine
Altered channel Change in habitat structure and Year-round Permanent Continuous Eggs and alevins; Eggs and alevins: Changes in channel Carefully evaluate project siting and May affect survival, growth, and
geometry habitat suitability, reduced food Juveniles morphology, flow velocity, and substrate design and consider the magnitude of fitness at egg and alevin and juvenile
web complexity, reduced spawning composition can alter substrate composition impact mechanisms produced by the life-history stages. May affect
- and rearing habitat availability and - Adults and stability, leading to decreased incubation project. Encourage selections of spawning productivity. Effects on
Altered flow velocity suitability ;(ESS;L?};“:C((:\LV::&Stge;fi?]; Permanent Seasonal success and alevin survival. project designs that minimize effects spawning habitat are unlikely,
s e chanrlgoonety flow | S0 ST T IOO. | e e o e
spring) velocity, and substrate composition can result q P h ' h prete bl Y f pec
: in decreased rearing habitat suitability, and groundwater exchange to the greatest unsuitable sites for marina
Altered _sybstr_a\te ) Year round Permanent Continuous changes in food web complexity. This may extent practicable. development.
composition (including limit foraging opportunities and increase
placement of competition for suitable habitats, leading to
nonerodable substrate) decreased growth, fitness, and survival.
Altered groundwater— Year-round (with stressor Permanent Continuous Adults: Changes in channel morphology may
surface water exchange exposure occurring during egg lead to alteration of the migratory corridor and
incubation and juvenile a reduction in suitable resting habitat, leading
rearing) to increased stress and decreased spawning
success. Changes in substrate composition
and stability resulting from altered channel
geometry and flow velocity may lead to
decreased spawning success (e.g., through
reduction in suitable spawning locations
and/or increased scour and/or sedimentation of
redds) if potential spawning habitat is affected.
Addition of impervious Alteration in the magnitude, During storm events Permanent Common Eggs and alevins; All life-history stages: Because the amount of | Encourage facilities to employ modern | Impervious surface at anticipated scale
surface volume, and timing of peak flows (predominantly from fall Juveniles impervious surface associated with marinas is | low-impact development and would not produce stressors of
through spring) a relatively inconsequential component of the | stormwater treatment technology. sufficient magnitude to adversely
Adults overall drainage area of the larger river affect coho at any life-history stage.
systems that would support this type of
development, the magnitude of the hydrologic
modification stressor is expected to be
negligible. As such, this stressor is not
expected to significantly affect the riverine
environment, and there will therefore be no
response to the stressor.
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Table A-2 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Juveniles Juveniles: Wave energy, current velocity, Carefully evaluate project siting and May affect juvenile survival, growth,
habitat suitability, reduced food exposure occuring in spring sediment supply, substrate composition, and design and consider the magnitude of and fitness.
web complexity, habitat availability | and summer when juveniles groundwater inputs are core ecosystem impact mechanisms produced by the
and suitability occupy nearshore habitats for processes and characteristics that compose the | project. Encourage selection of project
rearing) nearshore ecosystem. Alteration in one or designs that minimize effects on
Altered current Year-round (with variable Permanent Intermittent more of these parameters can fundamentally | sediment supply, longshore drift
S : ] alter marine littoral habitats, potentially patterns, and wave energy and current
velocities effects depending on site- decreasing the suitability of ing habitat f it F le-
specific current dynamics and G asing ability of rearing habitat for | patterns. For example:
project configuration) juvenile coho. This may occur through a e Permeable breakwaters that
- number of specific stressors, including maintain longshore drift patterns
Altered nearshore Year-round (with seasonally Permanent Seasonal increased exertion and stress due to change in '
circulation patterns variable effects depending on current and wave energy patterns, increased e Suggest alternative designs for
site-specific geography and predation exposure due to reduction in projects that fragment sources of
bathymetry, and project available cover or exposure to deep water sediment recruitment and
configuration) habitat, food web alterations and decreased groundwater supply.
Altered sediment supply Year-round (beginning with Permanent Continuous foraging opportunity, and increased *  Require beach nourisment to
project installation and competition for suitable habitats. The ' maintain substrate and beach
becoming more pronounced combined effect of these stressors can result in profile characteristics where
over time) decreased growth and productivity, decreased impacts are unavoidable.
fitness for marine migration, and direct
Altered substrate Year-round (beginning with Permanent Continuous mortality.
composition project installation and
becoming more pronounced
over time [e.g., due to
accumulation of shell-hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater— Year-round Permanent Continuous
surface water exchange
Addition of impervious Increased stormwater and nonpoint | During storm events Permanent Intermittent Juveniles See Increased Stormwater and nonpoint Require facilities to employ modern May affect survival, growth, and
surface source pollution (predominantly from fall Adults source pollution in Water Quality low-impact development and fitness at juvenile life-history stage.
through spring) Modification discussion. stormwater treatment technology. May affect adult survival and
Include operational requirements for spawning productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
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Table A-2 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coho Salmon.?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Lacustrine
Altered wave energy Change in habitat structure and Year-round (with predominant | Permanent Continuous Juveniles Juveniles: Wave energy, current velocity, Carefully evaluate project siting and May affect juvenile survival, growth,
(short-period waves) habitat suitability, reduced food effects from fall through sediment supply, substrate composition, and design and consider the magnitude of and fitness.
web complexity, habitat availability | spring when wind-driven groundwater inputs are core ecosystem impact mechanisms produced by the
and suitability. waves are most pronounced) processes and characteristics that compose the | project. Encourage selection of project
Altered current Year-round (with effects more | Permanent Common nearshore ecosystem. Alteration in one or des!gns that minimize effects on
velocities predominant in reservoirs more of thege parameters can fundame_ntally sediment supply, longshore drift
alter lacustrine littoral habitats, potentially patterns, and wave energy and current
versus natural lakes) . Lo - - i
decreasing the suitability of rearing habitat for | patterns. For example:
Altered nearshore Year-round (with variable Permanent Seasonal juvenile and migratory coho salmon. This e Permeable breakwaters that
circulation patterns effects by season [e.g., may occur through a number of specific maintain lonashore drift patterns
circulation patterns]) stressors, including increased exertion and S alt g five desi P ; '
; ; stress due to change in current and wave i uggest alternative designs Tor
Altered sediment supply Year-round Permanent Continuous energy patterns, ir?crease d predation exposure projects that fragment sources of
Altered substrate Year-round Permanent Continuous due to reduced cover or exposure to deep sediment recruitment and
composition water habitat, food web alterations and groundwater supply.
Altered groundwater— Year-round Permanent Continuous decreased foraging opportunity, and increased | o  Require beach nourisment to
surface water exchange competition for suitable habitats. The , maintain substrate and beach
combined effect of these stressors can result in profile characteristics where
decreased growth and productivity, decreased impacts are unavoidable.
fitness for marine migration, and direct
mortality.
Addition of impervious Increased stormwater and nonpoint | During storm events Permanent Intermittent Juveniles; See Increased Stormwater and nonpoint Require facilities to employ modern May affect survival, growth, and
surface source pollution (predominantly from fall Adults source pollution in Water Quality low-impact development and fitness at juvenile life-history stage.
through spring) Modification discussion. stormwater treatment technology. May affect adult survival and
Include operational requirements for spawning productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

# For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a

high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-3. HPA HCP Marinas Exposure and Response Matrix for Chum Salmon.?

Sub-
Activity
Type

Mechanism of Impact

Exposure

Stressor

Marinas and Shipping/Ferry Terminals

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Construction and
Maintenance Activities

Pile driving

Increased underwater noise levels

During project construction
and maintenance activities

Temporary (auditory
masking) to short-term
(hearing threshold effects)

Interannual to
decadal (during
project construction
and maintenance)

Eggs and alevins;
Juveniles;
Adults

All life-history stages: Stressor response
dependent on noise magnitude; project
specific environmental conditions may range
from:

e  Rupture of egg membrane.

e  Fatal injury or permanent auditory tissue
damage limiting to survival.

e Increased predation risk and decreased
foraging success due to auditory masking
and/or temporary hearing threshold
effects that increase risk of predation
and/or decrease foraging efficiency due
to decreased ability to sense predators
and prey.

e Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.

Avoid pile-driving noise in excess of
impact thresholds established by
NOAA Fisheries and USFWS in
habitats used by species. Limit pile
driving to in-water work windows.
Use double-confined bubble curtain to
reduce sound pressure, or work within
confined or dewatered work-areas.
Encourage use of vibratory hammers
and wooden pilings where practicable.

Activity may affect survival and
productivity at all life-history stages,
depending on project-specific noise
intensity and receptor exposure.
Likelihood of egg and alevin exposure
is limited, as the majority of chum
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable.

Construction vessel
operation

Increased or altered ambient noise
levels

During project construction
and maintenance activities

Temporary (auditory
masking) to short-term
(hearing threshold effects)

Interannual to
decadal (during
project construction
and maintenance)

Juveniles;
Adults

Adults and juveniles: Auditory masking or
temporary hearing threshold effects may
increase risk of predation and/or decrease
foraging efficiency due to decreased ability to
sense predators and/or prey.

Avoid/minimize propeller cavitation to
limit noise intensity. Promote use of
vessels equipped with antinoise/
antivibration technology where
practicable.

May affect survival, growth, and
fitness due to avoidance behavior,
decreased foraging success, and
increased predation risk.

Channel/work area
dewatering

Fish removal, relocation, and During project construction Short -term Interannual to Eggs and alevins; Eqggs and alevins: Mortality, injury, or stress Use protocols established by NOAA Likelihood of egg and alevin exposure
exclusion and maintenance activities decadal (depending Juveniles; from capture, handling, and relocation. Egg Fisheries and WDFW/WSDOT to is limited, as the majority of chum
on activity Adults relocation is impractical, likely leading to avoid and minimize impacts. spawning habitat is located in areas
frequency) mortality. unsuitable for marina or terminal
Adults and juveniles: Mortality, injury, or ﬂevelopmgr_\t. Shouldlc_exposgrt_e oceur,
stress from capture, handling, and relocation. owever, direct mortality or injury Is
) L probable. May cause direct injury or
Juveniles: Increased competition once mortality of juveniles and adults.
relocated, and reduced growth and fitness, Stress may affect survival, growth, and
increased predation exposure. fitness and adult spawning
Adults: Delayed migration resulting in productivity.
decreased fitness and spawning success.
Entrainment in pumps or During project construction Short-term Interannual to Eggs and alevins; Eqgs, alevins, and juveniles: Injury or Install and maintain pump screens Likelihood of egg and alevin exposure

impingement on pump screens

and maintenance activities

decadal (depending
on activity
frequency)

Juveniles

mortality from entrainment or impingement.

consistent with WDFW protocols.
Adhere to system-specific in-water
work windows, avoid use when
juveniles are present.

is limited as the majority of chum
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. May cause direct mortality
or injury at juvenile life-history stage.
Stress may affect survival, growth, and
fitness.
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Table A-3 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chum Salmon.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered flow conditions (riverine) During project construction Short-term Interannual to Eggs and alevins; Eqggs and alevins: Potential redd scour and/or | Limit alteration of flow conditions to Likelihood of egg and alevin exposure
and maintenance activities decadal (depending Adults sedimentation, resulting in decreased minimal area. is limited as the majority of chum
on activity incubation success. spawning habitat is located in areas
frequency) Adults: Delayed migration, increased stress, unsuitable for marina or terminal
decreased spawning fitness. development. Should exposure occur,
however, decreased survival is likely.
May affect survival during egg and
alevin life-history stage, may affect
adult spawning productivity.
Altered current and circulation During project construction Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, To greatest extent practicable, limit May affect juvenile growth and fitness;
conditions (marine) and maintenance activities decadal (depending Adults increased stress, increased competition, alteration of current and circulation may affect adult spawning
on activity decreased growth and fitness. patterns to minimal area. productivity.
frequency) Adults: Delayed migration, increased stress,
decreased spawning fitness.
Streambed disturbance, increased During project construction Temporary Interannual to Eggs and alevins; Eqggs and alevins: Potential decreased egg Adhere to system-specific in-water May affect growth and fitness at egg
turbidity (associated with site and maintenance activities decadal (depending Adults incubation success and alevin survival due to work windows. Avoid work during and alevin life-history stages; may
rewatering) on activity turbidity exposure and substrate disturbance. egg incubation periods. affect adult fitness and spawning
frequency) Adults: Stress and behavioral modifications prod_uctlwty. L'kEI!hO.Od of egg and
by adults exposed to sediment pulses, aleyln_ Exposure 13 I|m|te_d, as th? .
potential migration delay leading to reduced majority of chum spawning habitat is
spawning productivity, reduced foraging located in areas unsuitable for marina
opportunities, and increased predation risk. or terminal development. Should
exposure occur, however, direct
mortality or injury is probable.
Localized alteration in invertebrate | During project construction Short-term Interannual to Juveniles Juveniles: Effects on chum salmon will be Limit area of dewatering to the greatest | Temporary localized reductions in
abundance and maintenance activities decadal (depending relatively minimal due to limited dependence extent practicable. invertebrate abundance would not be
on activity on freshwater foraging. expected to adversely affect juvenile
frequency) chum salmon.
Increased suspended solids During project construction Short-term Interannual to Eggs and alevins; All life-history stages: See responses to Limit area of dewatering to the greatest | See effects for related stressors under
and maintenance activities decadal (depending Juveniles; related stressors under Water Quality extent practicable. Follow established | Water Quality Modification.
on activity Adults Modification. protocols for dewatering and
frequency) rewatering. Adhere to system-specific
in-water work windows.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual-decadal Eggs and alevins; All life-history stages: See responses Avoid fill or, if unavoidable, restore Likelihood of egg and alevin exposure
dredging substrate characteristics and maintenance activities Juveniles; described under Hydraulic and Geomorphic currently filled or degraded shallow is limited as the majority of chum
Adults Modification. shoreline habitats. spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. See effects for related
stressors under Hydraulic and
Geomorphic Modification.
Aquatic vegetation removal and During project construction Intermediate-term Interannual—decadal Juveniles; Juveniles and adults: See responses described | Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Adults under Aquatic Vegetation Modification. submerged aquatic vegetation to the Riparian and Aquatic VVegetation
greatest extent practicable through Modification.
project siting.
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Table A-3 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chum Salmon.?

Sub-
Activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Entrainment of benthic organisms,
increased suspended solids,
resuspension of contaminated
sediments

During project construction
and maintenance activities

Temporary to short-term

Interannual—-decadal

Eggs and alevins;
Juveniles;
Adults;

Eqggs and alevins: Mortality or injury from
entrainment.

Juveniles: Alteration of migratory behavior.
Decreased foraging opportunity due to short-
term reduction in prey abundance. Decreased
growth and fitness.

All life-history stages: See responses
described for related stressors under Water
Quality Modification.

Limit dredging-related turbidity to the
greatest extent practicable. Adhere to
system-specific in-water work
windows.

Likelihood of egg and alevin exposure
is limited as the majority of chum
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. May affect survival during
egg and alevin life-history stages.

May affect juvenile growth and fitness.
See effects for related stressors on all
life-history stages under Water Quality
Modification.

Facility Operation and
Vessel Activities

Grounding, anchoring, Increased turbidity, disturbed Year-round (with intensity Permanent Common Eggs and alevins; All life-history stages: Response to increased | Site facilities in deeper water to avoid Likelihood of egg and alevin exposure
and/or prop wash benthic area dependent on facility activity Juveniles; turbidity exposure as described for related suspension of sediments from prop is limited as the majority of chum
peaks) Adults; stressors under Water Quality Modification. wash and grounding. Prevent or spawning habitat is located in areas
Response to benthic disturbance as described discourage anchoring and provide unsuitable for marina or terminal
for Hydraulic and Geomorphic Modification. alternatives such as mooring buoys development. See effects for related
designed in accordance with USACE stressors under Water Quality
guidance. Modification and Hydraulic and
Geomorphic Modification.
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid | See effects for related stressors under
disturbance prevalent during spring and common Aguatic Vegetation Modification. suspension of sediments from prop Riparian and Aquatic Vegetation
summer growth periods, with wash and grounding. Prevent or Modification.
intensity dependent on discourage anchoring and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Freshwater aquatic vegetation Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Agquatic Vegetation Modification. suspension of sediments from prop Riparian and Aquatic Vegetation
summer growth periods, with wash and grounding. Prevent or Modification.
intensity dependent on discourage anchoring and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year round (with intensity Permanent Intermittent to Eggs and alevins; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under

operational discharges dissolved oxygen, and dependent on facility activity common Juveniles; altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) Adults suspended solid exposure as described for discharge of ballast water where
related stressors under Water related stressors Water Quality Modification. practicable.
Quality Modification
Introduction of non-native species Year round (with intensity Permanent (once invasive Common Eggs and alevins; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival, growth, and

in ballast water dependent on facility activity species are established) introductions with Juveniles; interactions and food web organization, to ballast water management fitness at all life-history stages.
peaks) interannual to Adults exposure to non-native pathogens. regulations. Provide for upland
decadal colonization discharge of ballast water where
events practicable.
Increased or altered Auditory masking and/or alteration | Year-round, with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce vessel speed and acceleration May affect survival, fitness, and
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to limits, avoid propeller cavitation. growth due to avoidance behavior,

peaks (stressor exposure
occurring in spring and
summer during nearshore
migration)

sense predators and/or prey, increasing risk of
predation and decreasing foraging efficiency.

decreased foraging success, and
increased predation risk.
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Table A-3 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chum Salmon.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles Juveniles: Pause or change of migration Design facilities so majority of May affect growth and survival; may
modification and moored vessel hulls, creating sunset (stressor exposure direction; increased energy expense; reduced structural and moorage shading occurs | delay outmigration, resulting in
light contrasts requiring visual and occurs in spring and summer foraging success; increased predation offshore away from submerged aquatic | reduced marine survival.
behavioral adaptation during nearshore migration) exposure. vegetation, migration corridors, and
foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions
and effects on submerged aquatic
vegetation.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles Juveniles: Attraction to lighted area, delaying | Reduce and shield facility and vessel May affect juvenile survival; may
vessel lighting, creating light sunrise (stressor exposure or altering migration. Increased predation lighting to limit nighttime illumination | delay outmigration, resulting in
contrasts requiring visual and occurs in spring and summer exposure. of the underwater environment. reduced marine survival
behavioral adaptation during nearshore migration)
Shading from structures and Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Limit project structural May affect juvenile growth and fitness.
vessels, resulting in loss of aquatic in spring and summer when due to decreased food web productivity, footprint to minimize shading of
vegetation vegetation growth is most decreased growth and fitness. See Aquatic aquatic vegetation to the greatest
extensive) Vegetation Modification for additional detail extent practicable. Design overwater
and related stressors. structures and mooring buoys in
accordance with USACE guidance to
limit shading and anchor scour effects.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, and reduced
solar light penetration due to propeller-
induced fine bubbles.
Marine systems: Decreased light Year-round, sunrise to sunset, | Permanent Continuous to Juveniles Juveniles: See impact mechanisms, stressors, | Enforce speed and acceleration limits, May affect juvenile growth and fitness.
penetration due to increased surface | with intensity dependent on intermittent and stressor responses under Aquatic avoid propeller cavitation.
reflectance from fine bubble facility activity peaks (stressor Vegetation Modification
profusion produced by propeller exposure occurring in spring
action and summer during nearshore
migration)

Water Quality
Modification

Increased suspended solids

Dependent on contributing
mechanism of impact

Temporary to short-term
(dependent on contributing
mechanism of impact)

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and alevins;
Juveniles;
Adults

Eqgs and alevins: Turbidity sufficient to
cause fine sediment embeddedness may lead
to direct mortality and decreased survival of
eggs and alevins through reduction in
substrate dissolved oxygen.

Juveniles and adults: Responses vary
depending on stressor magnitude.
Unavoidable extreme turbidity may cause
physical injury and/or physiological effects
(e.g., gill trauma, altered osmoregulation,
blood chemistry changes). Moderate to high
turbidity may cause behavioral alteration (e.g.,
avoidance responses) leading to increased
territoriality, reduced foraging opportunity,
increased predation exposure, and altered
migration behavior.

Adults: Reduction in suitable spawning
habitat (due to substrate embeddedness) and
reduced spawning success.

Ensure project design avoids and/or
minimizes habitat alterations leading to
chronic bank instability. Avoid short-
term turbidity effects above
background levels to greatest extent
practicable. Adhere to established
protocols for managing sediment and
turbidity.

May affect survival of incubating eggs
and alevins. May affect juvenile
growth and fitness, as well as adult
productivity and spawning success.
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Table A-3 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chum Salmon.?

Sub-
Activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Resuspension of contaminated
sediments, resulting in exposure to
toxic substances

Introduction of toxic substances

Dependent on contributing
mechanism of impact

Temporary to short-term
(e.g., operational spills) to
long-term (e.g., reexposure
of buried contaminants)
dependent on contributing
mechanism of impact

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and alevins;
Juveniles;
Adults

Eqgs and alevins: Decreased survival,
increased incidence of developmental
abnormalities leading to decreased survival
and fitness.

Juveniles and adults: Avoidance, mortality,
increased stress, reduced growth and fitness,
tissue bioaccumulation, increased disease
incidence, and reduced additional stressor
toleration, habitat avoidance, altered or
delayed migration behavior.

Identify and demarcate all areas with
contaminated sediments, manage and
avoid causes of sediment disturbance
(e.g., define and maintain vessel speed
limits in areas where contaminated
sediments could be disturbed). Ensure
procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of non-
toxic, biodegradable lubricants in
construction vessels.

Likelihood of egg and alevin exposure
is limited as the majority of chum
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth
and fitness. May affect growth and
fitness at juvenile life-history stages.
Reduced growth and fitness may affect
adult spawning productivity.

Altered dissolved oxygen levels

Dependent on contributing

Temporary to short-term

Intermittent to

Eggs and alevins;

All life-history stages: Mortality in acute low

Avoid sediment pulses. Limit nutrient

Likelihood of egg and alevin exposure

mechanism of impact (e.g., contaminant spill or permanent Juveniles; dissolved oxygen events due to asphyxiation. inputs associated with discharges of is limited as the majority of chum
discharge) to seasonal (e.g., | (dependent on Adults wastewater and gray water. Other spawning habitat is located in areas
reduced submerged aquatic | contributing mechanism-specific measures as unsuitable for marina or terminal
vegetation productivity due | mechanism of appropriate. development. Should exposure occur,
to changes in ambient light | impact) stressor may affect survival. May
patterns) dependent on affect juvenile survival, growth, and
contributing mechanism of fitness, as well as adult survival,
impact productivity, and spawning success.

Altered pH levels Dependent on contributing Temporary to short-term Intermittent to Juveniles; Juveniles and adults: Physiological responses | Limit nutrient inputs with wastewater May affect survival and fitness of
mechanism of impact (depending on contributing | interannual-decadal Adults to pH levels outside of optimal thresholds, and gray water holding and no direct juveniles and adults

mechanism of impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.

waste discharge. Avoid in-water
curing of concrete or discharge of
concrete leachate to surface waters.

Use of creosote-treated
wood

Leaching of polycyclic aromatic
hydrocarbons (PAHS)

Leaching begins upon
installation, with highest
levels after initial immersion,
followed by peaks during
periods of increased

temperatures and higher flows.

Leaching more pronounced
when used in fresh water.
Spikes in concentration will
occur during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.

Long-term (with decreasing
concentration intensity over
time)

Continuous with
seasonal pulses
(associated with high
water temperature
and current velocity)

Eggs and alevins;
Juveniles;
Adults

All life-history stages: Physiological responses
to exposure at toxic levels, causing mortality
or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Use of ACZA- and CCA
type C-treated
wood

Leaching of metals (Cu, As, Cr, Zn)

Leaching begins upon
installation, with highest
levels occurring within 7
months of initial immersion.
Spikes in concentration occur
during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area

Intermediate-term

Continuous with
seasonal pulses
(dependent on current
velocity)

Eggs and alevins;
Juveniles;
Adults

All life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Promote removal of creosote-treated
wood and prevent new uses in
accordance with pertinent regulations.
Avoid use of other treated wood
products where practicable. Use
alternative materials such as concrete,
galvanized steel, plastic lumber,
recycled plastics, and plastic coatings
where practicable. Where treated
wood is necessary, use dense-grained
material to limit leaching. Use plastic
or metal cuffs at abrasion points to
avoid fragmentation and release of
treated wood particulates.

Removal: Completely remove treated
wood where practicable, consistent
with WDNR Standard Practice
Memorandum. When piles are left in
place, cut off at least 2 ft below surface
and cap with clean sediment. Contain
and capture sawdust for disposal at
approved facility.

Likelihood of egg and alevin exposure
is limited as the majority of chum
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect survival,
growth, and fitness of juveniles and
adults.
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Table A-3 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chum Salmon.?

Sub- Exposure ]
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Increased stormwater Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Eggs and alevins; All life-history stages: Combined responses to | Require facilities to employ modern Likelihood of egg and alevin exposure

and nonpoint source
pollution

contaminants, nutrients, altered
dissolved oxygen, and increased
suspended solids

and spring and summer high
boat-use periods

Juveniles;
Adults

altered pH, altered dissolved oxygen levels,
contaminant exposure, and increased
suspended solids

low-impact development and
stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

is limited as the majority of chum
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect juvenile
survival, growth, and fitness. May
affect adult spawning productivity.

Riparian Vegetation
Modification

Riverine

Altered riparian shading

Altered ambient air
temperature regime

Expansion of thermal regime (i.e.,
increased summer temperatures,
decreased winter temperatures)

Year-round (pronounced in
winter/summer during solar
radiation and ambient
temperature extremes)

Long-term to permanent
(dependent on nature of
riparian impacts)

Seasonal

Eggs and alevins;
Juveniles;
Adults

Eqggs and alevins: Direct mortality due to
winter ice formation and scour.

Juveniles: Potential delays in migration or
alterations in migration behavior.

Adults and juveniles: Direct mortality caused
by exposure to temperatures in excess of
tolerance thresholds.

Adults: Decreased spawning fitness due to
migration delays caused by thermal barriers.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Likelihood of egg and alevin exposure
is limited as the majority of chum
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival. May
affect survival, growth, and fitness
during juvenile rearing. May affect
adult survival and spawning
productivity.

Altered stream bank and

Increased suspended solids;

Year-round (with specific

Intermediate-term to long-

Continuous to

Eggs and alevins;

Eqggs/alevins: Decreased incubation success

Avoid/minimize disturbance of

Likelihood of egg and alevin exposure

shoreline stability decreased redd dissolved oxygen; stressors prominent during term (dependent on time seasonal (dependent Juveniles; due to decreased redd dissolved oxygen as riparian vegetation. Maintain system- is limited as the majority of chum
decreased area of suitable spawning | high-flow conditions) required for riparian on specific stressor) Adults described for related stressor responses under | appropriate riparian buffer widths to spawning habitat is located in areas
habitat; reduced habitat complexity recovery) Water Quality Modification. the greatest extent possible. unsuitable for marina or terminal
(e.g., filling of pools) Juveniles: Potential delays in migration or development. Should exposure occur,
alteration in migration behavior, increased stressor may affect survival. May
predation exposure. affe_ct s_urvwgl, grovyth, and fitness
during juvenile rearing. May affect
Adults: Decreased spawning success due to adult survival and spawning
decreased availability of suitable spawning productivity.
habitat. Potential migration delay, habitat
avoidance, and/or injury and mortality caused
by excessive turbidity, as described for related
stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Juveniles Juveniles: Limited effects from food web Avoid/minimize disturbance of Unlikely to affect juvenile rearing.
inputs derived prey resources. Reduced alteration due to minimal dependence on riparian vegetation. Maintain system-
aquatic food web productivity due freshwater forage resources. appropriate riparian buffer widths to
to reduction in organic matter the greatest extent possible.
inputs.
Altered habitat Reduced recruitment of large Year-round Short-term to permanent Continuous Juveniles; Juveniles: Decreased refuge habitat, increased | Encourage project designs that limit May affect juvenile growth and
complexity woody debris, affecting habitat (dependent on nature of Adults predation exposure. permanent alteration of high-quality survival, spawning success, and overall

structure, hydraulic and substrate
complexity, and availability of
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover, reduction in available
spawning habitat (freshwater)

activity)

Adults: Increased mortality; decreased fitness
and spawning success due to decreased
availability of suitable migratory and
spawning habitat.

habitat features.

population productivity.
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Table A-3 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chum Salmon.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered groundwater— Reduced available suitable Year-round Permanent Continuous Eggs and alevins; Eqags and alevins: Decreased incubation Avoid permitting of projects in areas May affect survival of eggs and
surface water exchange spawning habitat; reduced gravel Juveniles; success. with springs, seeps, or other sources of | alevins. May affect juvenile survival
dissolved oxygen; reduced thermal Adults Juveniles: Decreased availability of thermal si_gn!ficant g_roundw.ater' recharge. _ and grpwth. May_affect adult
refuge 4refuge habitat, resulting in increased thermal Limit alteration of riparian vegetation spawning productivity.
stress and increased competition for suitable to greatest extent practicable.
habitats.
Adults: Decrease in suitable spawning
habitat, increased competition, decreased
spawning fitness and success.
Marine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to permanent Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival and
increased summer temperatures) summer during solar radiation | (dependent on nature of temperature have a minor effect on nearshore riparian vegetation. Maintain system- | growth.
and ambient temperature riparian impacts) water temperatures relative to the dominant appropriate riparian buffer widths to
extremes) influence of marine tidal and current patterns, | the greatest extent possible.
wind conditions, and other factors. However,
juveniles trapped in habitats isolated by tidal
Altered ambient air exchange (e.g., pocket estuaries) may
temperature regime experience increased temperatures where
shade and buffer influence has been altered,
potentially leading to mortality or increased
thermal stress and decreased fitness.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to long- | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival and
bluff stability secondary effects on habitat stressor prominent during high | term (dependent on time seasonal (dependent availability and foraging opportunities, riparian vegetation. Maintain system- | fitness.
complexity (e.g., through change in | wave energy conditions) required for riparian on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to
substrate composition, smothering recovery) effects on growth and fitness. Potential the greatest extent possible.
of aquatic vegetation) habitat avoidance and/or injury and mortality
caused by excessive turbidity, as described for
related stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Chum dependence on Avoid/minimize disturbance of May affect juvenile growth and fitness.
inputs derived prey resources. Reduced occurs during nearshore autochthonous inputs from marine riparian riparian vegetation. Maintain system-
aquatic food web productivity due rearing period in spring and vegetation is a data gap. However, chum are appropriate riparian buffer widths to
to reduced organic matter inputs. summer) known to use terrestrial insect resources the greatest extent possible.
recruited from the riparian zone. Alteration of
vegetation will therefore result in decreased
foraging opportunities, decreased growth and
fitness, and decreased productivity.
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to permanent Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival.
complexity woody debris, affecting habitat occurs during nearshore (dependent on nature of availability and foraging opportunities, permanent alteration of high-quality
structure, hydraulic and substrate rearing period in spring and activity) leading to increased competition, and resulting | habitat features.
complexity, and availability of summer) effects on growth and fitness.
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Chum dependence on groundwater | Avoid disturbance of vegetation along | Effects of the action resulting from this

surface water exchange

productivity; secondary effects on
habitat complexity (e.g., through
alteration of aquatic vegetation)

occurs during nearshore
rearing period in spring and
summer)

inflow to nearshore marine habitats is
currently a data gap.

shoreline.

impact mechanism are unknown.
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Table A-3 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chum Salmon.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile growth and fitness,
production in spring and summer when due to decreased food web productivity; offshore to limit grounding and prop potentially limiting subadult survival
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural during ocean migration.
extensive) footprint to minimize shading of
- - ) aquatic vegetation to the greatest
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles Juveniles: See related stressor responses extent practicable. Design overwater See effects for related stressors under
due to reduced photosynthesis in sprin_g and summer when under Water Quality Modification. structures and mooring buoys in Water Quality Modification.
vegetation growth is most accordance with USACE guidance to
extensive) limit shading and anchor scour effects.
Altered habitat Reduced food web productivity, Year-round Short-term to permanent Continuous Juveniles; Juveniles: Decreased refuge habitat Construction: Avoid/minimize May affect juvenile survival. May
complexity reduced foraging opportunity, (dependent on nature of Adults availability and foraging opportunities, disturbance of aquatic vegetation affect adult growth and spawning
reduction in available cover activity) leading to increased competition and predation | during project construction. productivity.
exposure, resulting in decreased survival, . .
growth, and fitness. Operation: _Enforce vessel operation
' rules to limit submerged aquatic
Adults: Decreased foraging opportunity due vegetation damage from prop wash,
to decreased food web productivity. grounding, and anchoring, and reduced
Decreased growth and reproductive fitness. ambient light from fine bubble
profusion.
Riverine
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Chum dependence on Design: Site majority of facility Impact mechanism is unlikely to affect
production in spring and summer when autochthonous inputs from aquatic vegetation | offshore to limit grounding and prop chum salmon.
vegetation growth is most is limited, as this species does not forage in wash effects. Limit project structural
extensive) riverine and lacustrine environments. footprint to minimize shading of
Therefore, effects on juvenile chum growth aquatic vegetation to the greatest
and fitness will be limited. extent practicable. Design overwater
- - ] structures and mooring buoys in
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles; Juveniles and adults: See related stressor accordance with USACE guidance to See effects for related stressors under
due to reduced photosynthesis in spring and summer when Adults responses under Water Quality Modification. limit shading and anchor scour effects. Water Quality Modification.
vegetation growth is most . L
extensive) w: Av0|0_I/m|n|m|z_e
- — - - - - disturbance of aquatic vegetation - - -
Altered habitat Reduced food web productivity, Year-round Short-term to permanent Continuous Juveniles Juveniles: Decreased refuge habitat during project construction. May affect juvenile survival.
complexity reduced foraging opportunity, (dependent on nature of availability, potentially leading to altered . .
reduction in available cover activity) migratory behavior and increased predation Operation: Enforce vessel operation
eXpOoSUre. rules tO.llmIt submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring.
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Table A-3 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chum Salmon.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Riverine
Altered channel Change in habitat structure and Year-round Permanent Continuous Eggs and alevins; Eqggs and alevins: Changes in channel Carefully evaluate project siting and May affect survival at egg and alevin,
geometry habitat suitability, reduced food Juveniles; morphology, flow velocity, and substrate design and consider the magnitude of and juvenile life-history stages. May
web complexity, reduced spawning Adults composition can alter substrate composition impact mechanisms produced by the affect spawning productivity.
and rearing habitat availability and and stability, leading to decreased incubation project. Encourage selection of project
suitability success and alevin survival. designs that minimize effects on
Altered flow velocity Year-round (with stressor Permanent Seasonal Juveniles: Altered channel geometry, flow channel geometry, flow velocity,
exposure occurring during velocity, substrate composition, and substrate composition, and
high-flow events, fall through groundwater inputs can result in decreased groundwater exchange to the greatest
spring) refuge habitat suitability, potentially leading to extent practicable.
. changes in migratory behavior, increased
é:;ﬁ;%dsistlij(?st(?ntgu ding Year round Permanent Continuous stress, and increased predation exposure.
placement of non- Adults: Changes in channel morphology may
erodable substrate) lead to alteration of the migratory corridor and
- - a reduction in suitable resting habitat, leading
e g | orcres s and scrssd spavning
incubation and juvenile success. Changes in substrate composition
rearing) and stability resulting fro_m altered channel
geometry and flow velocity may lead to
decreased spawning success (e.g., through
reduction in suitable spawning locations
and/or increased scour and/or sedimentation of
redds) if potential spawning habitat is affected.
Addition of impervious Alteration in the magnitude, During storm events Permanent Common Eggs and alevins; All life-history stages: Because the amount of | Encourage facilities to employ modern | Impervious surface at anticipated scale
surface volume, and timing of peak flows (predominantly from fall Juveniles; impervious surface associated with marinas is | low impact development and would not produce stressors of
through spring) Adults a relatively inconsequential component of the | stormwater treatment technology. sufficient magnitude to adversely
overall drainage area of the larger river affect chum at any life-history stage.
systems that would support this type of
development, the magnitude of the hydrologic
modification stressor is expected to be
negligible. As such, this stressor is not
expected to significantly affect the riverine
environment, and there will be no response to
the stressor.
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Table A-3 (continued).

HPA HCP Marinas Exposure and Response Matrix for Chum Salmon.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Juveniles Juveniles: Wave energy, current velocity, Carefully evaluate project siting and May affect survival, growth, and
habitat suitability; reduced food exposure occurring in spring sediment supply, substrate composition, and design and consider the magnitude of fitness at juvenile life-history stage.
web complexity, habitat and summer when juveniles groundwater inputs are core ecosystem impact mechanisms produced by the Decreased fitness may affect survival
availability, and suitability occupy nearshore habitats for processes and characteristics that compose the | project. Encourage selection of project | and productivity during ocean
rearing) nearshore ecosystem. Alteration in one or designs that minimize effects on migration life-history phase.
. . ) more of these parameters can fundamentally sediment supply, longshore drift
Altered current Year-round (with variable Permanent Intermittent alter marine littoral habitats, potentially patterns, and wave energy and current
velocities gr?;eccig‘sicdglﬁsrgiltngy%g rfwlltss and decreasing the suitability of rearing habitat for | patterns. For example:
e oo S o ot s | * ol st
- oy A X maintain longshore drift patterns.
Altered nearshore Year-round (with seasonally Permanent Seasonal including increased exertion and stress due to | ive desians f
circulation patterns variable effects depending on change in current and wave energy patterns, *  Suggest ahterpatlve €signs for "
site-specific geography and increased predation exposure due to reduction projects that fragment sources 0
bathymetry, and project in available cover or exposure to deep water sediment recruitment and
configuration) habitat, food web alterations and decreased groundwater supply.
. — : foraging opportunity, and increased e Require beach nourishment to
Altered sediment supply Year-round (beginning with Permanent Continuous competition for suitable habitats. The maintain substrate and beach
project installation and combined effect of these stressors can result in profile characteristics where
becoming more pronounced decreased growth and productivity, decreased impacts are unavoidable.
over time) fitness for marine migration, and direct
o - - mortality.
Altered substrate Year-round (beginning with Permanent Continuous
composition project installation and
becoming more pronounced
over time [e.g., due to
accumulation of shell-hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater— Year-round Permanent Continuous
surface water exchange
Addition of impervious Increased stormwater and nonpoint | During storm events Permanent Intermittent Juveniles; See Increased Stormwater and nonpoint Require facilities to employ modern May affect survival, growth, and
surface source pollution (predominantly from fall Adults source pollution in Water Quality low-impact development and fitness at juvenile life-history stage.
through spring) Modification discussion. stormwater treatment technology. May affect adult survival and
Include operational requirements for spawning productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

a

For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-4. HPA HCP Marinas Exposure and Response Matrix for Pink Salmon.?

Sub-
activity
Type

Construction and

Maintenance Activities

Exposure

Mechanism of Impact

Stressor

Marinas and Shipping/Ferry Terminals

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Pile driving

Increased underwater noise levels

During project construction
and maintenance activities

Temporary (auditory
masking) to short-

Interannual to
decadal (during

Eggs and alevins;

All life-history stages: Stressor response
dependent on noise magnitude and project

Avoid pile-driving noise in excess of
impact thresholds established by

Activity may affect survival and
productivity at all life-history stages,

term (hearing project construction Juveniles; specific environmental conditions; may range | NOAA Fisheries and USFWS in depending on project-specific noise
threshold effects) and maintenance) Adults from: habitats used by species. Limit pile intensity and receptor exposure.
driving to in-water work windows. Likelihood of egg and alevin exposure
* Ruptu-re- of egg membrane. ) ) Use double-confined bubble curtainto | is limited, as the majority of pink
e Fatal injury or permanent auditory tissue | reduce sound pressure, or work within | spawning habitat is located in areas
damage limiting to survival. confined or dewatered work areas. unsuitable for marina or terminal
e Increased predation risk and decreased Encourage use of vibratory hammers development. Should exposure occur,
foraging success due to auditory masking and wooden plIIngS where practicable. however, direct mortality or injury is
and/or temporary hearing threshold probable.
effects that increase risk of predation
and/or decrease foraging efficiency due
to decreased ability to sense predators
and prey.
e Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles; Adults and juveniles: Auditory masking or Avoid/minimize cavitation to limit May affect survival, growth, and
operation levels and maintenance activities masking) to short- decadal (during Adults temporary hearing threshold effects may noise intensity. Promote use of vessels | fitness due to avoidance behavior,

term (hearing
threshold effects)

project construction
and maintenance)

increase risk of predation and/or decrease
foraging efficiency due to decreased ability to
sense predators and/or prey.

equipped with antinoise/antivibration
technology where practicable.

decreased foraging success, and
increased predation risk.

Channel/work area
dewatering

Fish removal, relocation, and During project construction Short-term Interannual to Eggs and alevins; Eqggs and alevins: Mortality, injury, or stress Use protocols established by NOAA Likelihood of egg and alevin exposure
exclusion and maintenance activities decadal (depending Juveniles: from capture, handling, and relocation. Egg Fisheries and WDFW/WSDOT to is limited, as the majority of pink
on activity ' relocation is impractical, likely leading to avoid and minimize impacts. spawning habitat is located in areas
frequency) Adults mortality. unsuitable for marina or terminal
Adults and juveniles: Mortality, injury, or ﬂevelopmgnt. tShouItdIe?;(posgrg oceur,
stress from capture, handling, and relocation. owever, direct mortality or Injury 1S
) L probable. May cause direct injury or
Juveniles: Increased competition once mortality of juveniles and adults.
relocated, and reduced growth and fitness, Stress may affect survival, growth, and
increased predatlon exposure. fitness and adult spawning
Adults: Delayed migration resulting in productivity.
decreased fitness and spawning success.
Entrainment in pumps or During project construction Short-term Interannual to Eggs and alevins; Eqgs, alevins, and juveniles: Injury or Install and maintain pump screens Likelihood of egg and alevin exposure

impingement on pump screens

and maintenance activities

decadal (depending
on activity
frequency)

Juveniles

mortality from entrainment or impingement.

consistent with WDFW protocols.
Adhere to system-specific in-water
work windows, avoid use when
juveniles are present.

is limited as the majority of pink
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. May cause direct mortality
or injury at juvenile life-history stage.
Stress may affect survival, growth, and
fitness.
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Table A-4 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pink Salmon.?

dredging

substrate characteristics

and maintenance activities

Juveniles;
Adults

described under Hydraulic and Geomorphic
Modification.

Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered flow conditions (riverine) During project construction Short-term Interannual to Eggs and alevins; Eggs and alevins: Potential redd scour and/or | Limit alteration of flow conditions to Likelihood of egg and alevin exposure
and maintenance activities decadal (depending Adults sedimentation, resulting in decreased minimal area. is limited as the majority of pink
on activity incubation success. spawning habitat is located in areas
frequency) Adults: Delayed migration, increased stress, unsuitable for marina or terminal
decreased spawning fitness development. Should exposure occur,
' however, decreased survival is likely.
May affect survival during egg and
alevin life-history stage; may affect
adult spawning productivity.
Altered current and circulation During project construction Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, To greatest extent practicable, limit May affect juvenile growth and fitness;
conditions (marine) and maintenance activities decadal (depending Adults increased stress, increased competition, alteration of current and circulation may affect adult spawning
on activity decreased growth and fitness. patterns to minimal area. productivity.
frequency) Adults: Delayed migration, increased stress,
decreased spawning fitness.
Stream bed disturbance, increased During project construction Temporary Interannual to Eggs and alevins; Eggs and alevins: Potential decreased egg Adhere to system-specific in-water May affect growth and fitness at
turbidity (associated with site and maintenance activities decadal (depending Adults incubation success and alevin survival due to work windows. Avoid work during juvenile life-history stage; may affect
rewatering) on activity turbidity exposure and substrate disturbance. egg incubation periods. adult fitness and spawning
frequency) Adults: Stress and behavioral modifications productivity.
by adults exposed to sediment pulses,
potential migration delay leading to reduced
spawning productivity, reduced foraging
opportunities, and increased predation risk.
Localized alteration in invertebrate | During project construction Short-term Interannual to Juveniles Juveniles: Effects on pink salmon will be Limit area of dewatering to the greatest | Temporary localized reductions in
abundance and maintenance activities decadal (depending relatively minimal due to limited dependence extent practicable. invertebrate abundance would not be
on activity on freshwater foraging. expected to adversely affect juvenile
frequency) pink salmon.
Increased suspended solids During project construction Short-term Interannual to Eggs and alevins; All life-history stages: See responses to Limit area of dewatering to the greatest | See effects for related stressors under
and maintenance activities decadal (depending Juveniles: related stressors under Water Quality extent practicable. Follow established | Water Quality Modifications.
on activity ' Modification. protocols for dewatering and
frequency) Adults rewatering. Adhere to system-specific
in-water work windows.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual-decadal Eggs and alevins; All life-history stages: See responses Avoid fill or, if unavoidable, restore Likelihood of egg and alevin exposure

currently filled or degraded shallow
shoreline habitats.

is limited as the majority of pink
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. See effects for related
stressors under Hydraulic and
Geomorphic Modification.

Aquatic vegetation removal and
delayed recovery

During project construction
and maintenance activities

Intermediate-term

Interannual—decadal

Juveniles;
Adults

Juveniles and adults: See responses described
under Aquatic Vegetation Modification.

Limit dredging-related disturbance of
submerged aquatic vegetation to the
greatest extent practicable through
project siting.

See effects for related stressors under
Riparian and Aquatic VVegetation
Modification.
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Table A-4 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pink Salmon.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Entrainment of benthic organisms,
increased suspended solids,
resuspension of contaminated
sediments

During project construction
and maintenance activities

Temporary to short-
term

Interannual—-decadal

Eggs and alevins;
Juveniles;
Adults;

Eggs and alevins: Mortality or injury from
entrainment.

Juveniles: Alteration of migratory behavior.
Decreased foraging opportunity due to short-
term reduction in prey abundance. Decreased
growth and fitness.

All life-history stages: See responses
described for related stressors under Water
Quality Modification.

Limit dredging-related turbidity to the
greatest extent practicable. Adhere to
system-specific in-water work
windows.

Likelihood of egg and alevin exposure
is limited as the majority of pink
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. May affect egg and alevin
survival and productivity. May affect
juvenile productivity and fitness. See
effects for related stressors on all life-
history stages under Water Quality
Modification.

Facility Operation and
Vessel Activities

Grounding, anchoring, Increased turbidity, disturbed Year-round (with intensity Permanent Common Eggs and alevins; All life-history stages: Response to increased | Site facilities in deeper water to avoid Likelihood of egg and alevin exposure
and/or prop wash benthic area dependent on facility activity Juveniles: turbidity exposure as described for related suspension of sediments from prop is limited as the majority of pink
peaks) ' stressors under Water Quality Modification. wash and grounding. Prevent or spawning habitat is located in areas
Adults; Response to benthic disturbance as described discourage anchoring and provide unsuitable for marina or terminal
for Hydraulic and Geomorphic Modification. alternatives such as mooring buoys development. See effects for related
designed in accordance with USACE stressors under Water Quality
guidance. Modification and Hydraulic and
Geomorphic Modification.
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Aquatic Vegetation Modification. suspension of sediments from prop Riparian and Aquatic Vegetation
summer growth periods, with wash and grounding. Prevent or Modification.
intensity dependent on discourage anchoring and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Freshwater aquatic vegetation Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Aquatic Vegetation Modification. suspension of sediments from prop Riparian and Aquatic VVegetation
summer growth periods, with wash and grounding. Prevent or Modification.
intensity dependent on discourage anchoring and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year round (with intensity Permanent Intermittent to Eggs and alevins; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under

operational discharges

dissolved oxygen, and dependent on facility activity common Juveniles; altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) Adults suspended solid exposure, as described for discharge of ballast water where

related stressors under Water related stressors Water Quality Modification. practicable.

Quality Modification

Introduction of non-native species Year round (with intensity Permanent (once Common Eggs and alevins; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival, growth, and

in ballast water dependent on facility activity invasive species are introductions with Juveniles; interactions and food web organization; to ballast water management fitness at all life-history stages.
peaks) established) interannual to Adults exposure to non-native pathogens. regulations. Provide for upland
decadal colonization discharge of ballast water where
events practicable.
Increased or altered Auditory masking and/or alteration | Year-round (with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce vessel speed and acceleration May affect survival and growth due to
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to limits; avoid propeller cavitation. avoidance behavior, decreased

peaks [stressor exposure
occurring in spring and
summer during nearshore

migration])

sense predators and/or prey, increasing risk of
predation and decreasing foraging efficiency.

foraging success, and increased
predation risk.
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Table A-4 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pink Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles Juveniles: Pause or change of migration Design facilities so majority of May affect growth and survival; may
modification and moored vessel hulls, creating sunset (stressor exposure direction; increased energy expense; reduced structural and moorage shading occurs | delay outmigration, resulting in
light contrasts requiring visual and occurs in spring and summer foraging success; increased predation offshore away from submerged aquatic | reduced marine survival.
behavioral adaptation during nearshore migration) exposure. vegetation, migration corridors, and
foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions
and effects on submerged aquatic
vegetation.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles Juveniles: Attraction to lighted area, delaying | Reduce and shield facility and vessel May affect juvenile survival; may
vessel lighting, creating light sunrise (stressor exposure or altering migration. Increased predation lighting to limit nighttime illumination | delay outmigration, resulting in
contrasts requiring visual and occurs in spring and summer exposure. of the underwater environment. reduced marine survival.
behavioral adaptation during nearshore migration)
Shading from structures and Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: To the greatest extent May affect juvenile growth and fitness.
vessels, resulting in loss of aquatic in spring and summer when due to decreased food web productivity; practicable, limit project structural
vegetation vegetation growth is most decreased growth and fitness. See Aquatic footprint to minimize shading of
extensive) Vegetation Modification for additional detail aquatic vegetation. Design overwater
and related stressors. structures and mooring buoys in
accordance with USACE guidance to
limit shading and anchor scour effects.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, and reduced
solar penetration due to propeller-
induced fine bubbles.
Marine systems: Decreased light Year-round, sunrise to sunset, | Permanent Continuous to Juveniles Juveniles: See impact mechanisms, stressors, | Enforce speed and acceleration limits; May affect juvenile growth and fitness.
penetration due to increased surface | with intensity dependent on intermittent and stressor responses under Aquatic avoid propeller cavitation.
reflectance from fine bubble facility activity peaks (stressor Vegetation Modification.
profusion produced by propeller exposure occurs in spring and
action summer during nearshore
migration)
Water Quality
Modification
Increased suspended solids Dependent on contributing Temporary to short- Intermittent to Eggs and alevins; Eqggs and alevins: Turbidity sufficient to Ensure project design avoids and/or May affect survival of incubating eggs
mechanism of impact term (dependent on interannual-decadal Juveniles: cause fine sediment embeddedness may lead minimizes habitat alterations leading to | and alevins. May affect juvenile
contributing (dependent on ' to direct mortality and decreased survival of chronic bank instability. Avoid short- | growth and fitness and adult
mechanism of contributing Adults eggs and alevins through reduction in term turbidity effects above productivity and spawning success.
impact) mechanism of substrate dissolved oxygen. background levels to greatest extent
impact) Juveniles and adults: Responses vary practicable. Adhere_to estaplished
depending on stressor magnitude. protpc_ols for managing sediment and
Unavoidable extreme turbidity may cause turbidity.
physical injury and/or physiological effects
(e.g., gill trauma, altered osmoregulation,
blood chemistry changes). Moderate to high
turbidity may cause behavioral alteration (e.g.,
avoidance responses) leading to increased
territoriality, reduced foraging opportunity,
increased predation exposure, and altered
migration behavior.
Adults: Reduction in suitable spawning
habitat (due to substrate embeddedness) and
reduced spawning success.
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Table A-4 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pink Salmon.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Resuspension of contaminated
sediments, resulting in exposure to
toxic substances

Introduction of toxic substances

Dependent on contributing
mechanism of impact

Temporary to short-
term (e.g.,
operational spills) to
long-term (e.g.,
reexposure of buried
contaminants)
dependent on
contributing
mechanism of impact

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and alevins;
Juveniles;
Adults

Eggs and alevins: Decreased survival,
increased incidence of developmental
abnormalities leading to decreased survival
and fitness.

Juveniles and adults: Avoidance, mortality,
increased stress, reduced growth and fitness,
tissue bioaccumulation, increased disease
incidence, and reduced additional stressor
toleration, habitat avoidance, altered or
delayed migration behavior.

Identify and demarcate all areas with
contaminated sediments, manage and
avoid causes of sediment disturbance
(e.g., define and maintain vessel speed
limits in areas where contaminated
sediments could be disturbed). Ensure
procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of non-
toxic, biodegradable lubricants in
construction vessels.

Likelihood of egg and alevin exposure
is limited as the majority of pink
spawning habitat is located in areas
unsuitable for marine or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect survival and
productivity at egg, alevin, and
juvenile life-history stages. Reduced
growth and fitness may affect adult
spawning productivity.

Altered dissolved oxygen levels

Dependent on contributing

Temporary to short-

Intermittent to

Eggs and alevins;

All life-history stages: Mortality in acute low

Avoid sediment pulses; limit nutrient

Likelihood of egg and alevin exposure

mechanism of impact term (e.g., permanent Juveniles; dissolved oxygen events due to asphyxiation. inputs associated with discharges of is limited as the majority of pink
contaminant spill or (dependent on Adults wastewater and gray water; other spawning habitat is located in areas
discharge) to contributing mechanism-specific measures as unsuitable for marine or terminal
seasonal (e.g., mechanism of appropriate. development. Should exposure occur,
reduced submerged impact) stressor may affect survival. May
aquatic vegetation affect juvenile survival, growth, and
productivity due to fitness, as well as adult survival and
changes in ambient spawning productivity.
light patterns)
dependent on
contributing
mechanism of impact

Altered pH levels Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles and adults: Physiological responses | Limit nutrient inputs with wastewater May affect survival and fitness of
mechanism of impact term (dependent on interannual—decadal Adults to pH levels outside of optimal thresholds, and gray water holding and no direct juveniles and adults.

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.

waste discharge. Avoid in-water
curing of concrete or discharge of
concrete leachate to surface waters.

Use of creosote-treated
wood

Leaching of polycyclic aromatic
hydrocarbons (PAHSs)

Leaching begins upon
installation, with highest
levels after initial immersion,
followed by peaks during
periods of increased

temperatures and higher flows.

Leaching more pronounced
when used in fresh water.
Spikes in concentration will
occur during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.

Long-term (with
decreasing
concentration
intensity over time)

Continuous with
seasonal pulses
(associated with high
water temperature
and current velocity)

Eggs and alevins;
Juveniles;
Adults

All life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Use of ACZA- and CCA
type C-treated wood

Leaching of metals (Cu, As, Cr, Zn)

Leaching begins upon
installation, with highest
levels occurring within 7
months of initial immersion.
Spikes in concentration will
occur during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.

Intermediate-term

Continuous with
seasonal pulses
(dependent on current
velocity)

Eggs and alevins;
Juveniles;
Adults

All life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Promote removal of creosote-treated
wood and prevent new uses in
accordance with pertinent regulations.
Avoid use of other treated wood
products where practicable. Use
alternative materials such as concrete,
galvanized steel, plastic lumber,
recycled plastics, and plastic coatings
where practicable. Where treated
wood is necessary, use dense-grained
material to limit leaching. Use plastic
or metal cuffs at abrasion points to
avoid fragmentation and release of
treated wood particulates.

Removal: Completely remove treated
wood where practicable, consistent
with WDNR Standard Practice
Memorandum. When piles are left in
place, cut off at least 2 ft below surface
and cap with clean sediment. Contain
and capture sawdust for disposal at
approved facility..

Likelihood of egg and alevin exposure
is limited as the majority of pink
spawning habitat is located in areas
unsuitable for marine or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect survival,
growth, and fitness of juveniles, and
adults.
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Table A-4 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pink Salmon.?

and nonpoint source
pollution

contaminants, nutrients, altered
dissolved oxygen, and increased
suspended solids

and spring and summer high
boat-use periods.

Juveniles
Adults

altered pH, altered dissolved oxygen levels,
contaminant exposure, and increased
suspended solids

low-impact development and
stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Increased stormwater Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Eggs and alevins; All life-history stages: Combined responses to | Require facilities to employ modern Likelihood of egg and alevin exposure

is limited as the majority of pink
spawning habitat is located in areas
unsuitable for marine or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect juvenile
survival, growth, and fitness. May
affect adult spawning productivity.

Riparian Vegetation
Modification

Riverine

Altered riparian shading

Altered ambient air
temperature regime

Expansion of thermal regime (i.e.,
increased summer temperatures,
decreased winter temperatures)

Year-round (pronounced in
winter/summer during solar
radiation and ambient
temperature extremes)

Long-term to
permanent
(dependent on nature
of riparian impacts).

Seasonal Eggs and alevins;
Juveniles;

Adults

Eggs and alevins: Direct mortality due to
winter ice formation and scour.

Juveniles: Potential delays in migration or
alterations in migration behavior.

Adults and juveniles: Direct mortality caused
by exposure to temperatures in excess of
tolerance thresholds.

Adults: Decreased spawning fitness due to
migration delays caused by thermal barriers.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Likelihood of egg and alevin exposure
is limited as the majority of pink
spawning habitat is located in areas
unsuitable for marine or terminal
development. Should exposure occur,
stressor may affect survival. May
affect survival, growth, and fitness
during juvenile rearing. May affect
adult survival and spawning
productivity.

Altered stream bank and
shoreline stability

Increased suspended solids,
decreased redd dissolved oxygen,

Year-round (with specific
stressors prominent during

Intermediate-term to
long-term (dependent

Continuous to
seasonal (dependent

Eggs and alevins;

Eggs/alevins: Decreased incubation success
due to decreased redd dissolved oxygen, as

Avoid/minimize disturbance of
riparian vegetation. Maintain system-

May affect survival and productivity
during egg and alevin, juvenile, and

. ; - . ) ; o Juveniles; - . S h IR
decreased area of suitable spawning | high-flow conditions) on time required for on specific stressor) O described for related stressor responses under | appropriate riparian buffer widths to adult spawning life-history stages.
habitat, reduced habitat complexity riparian recovery) Adults Water Quality Modification. the greatest extent possible.
(e.9., filling of pools) Juveniles: Potential delays in migration or
alteration in migration behavior; increased
predation exposure.
Adults: Decreased spawning success due to
decreased availability of suitable spawning
habitat. Potential, migration delay, habitat
avoidance, and/or injury and mortality caused
by excessive turbidity, as described for related
stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Juveniles Juveniles: Limited effects from food web Avoid/minimize disturbance of Unlikely to affect juvenile rearing.
inputs derived prey resources. Reduced alteration due to minimal dependence on riparian vegetation. Maintain system-
aquatic food web productivity due freshwater forage resources. appropriate riparian buffer widths to
to reduction in organic matter the greatest extent possible.
inputs
Altered habitat Reduced recruitment of large Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat; increased | Encourage project designs that limit May affect juvenile growth and
complexity woody debris, affecting habitat permanent Adults predation exposure. permanent alteration of high-quality survival, spawning success, and overall
structure, hydraulic and substrate (dependent on nature Adults: Increased mortality; decreased fitness habitat features. population productivity.
complexity, and availability of of activity) and <na

organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover, reduction in available
spawning habitat (freshwater)

and spawning success due to decreased
availability of suitable migratory and
spawning habitat.
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Table A-4 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pink Salmon.?

surface water exchange

productivity; secondary effects on
habitat complexity (e.g., through
alteration of aquatic vegetation)

occurs during nearshore

rearing period in spring and

summer)

inflow to nearshore marine habitats is
currently a data gap.

shoreline.

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered groundwater— Reduced available suitable Year-round Permanent Continuous Eggs and alevins; Eggs and alevins: Decreased incubation Avoid permitting of projects in areas May affect survival of eggs and
surface water exchange spawning habitat; reduced gravel Juveniles; success. V\_/ith_ s_prings, seeps, or other sources of | alevins. Ma_y .affect juvenile survival
dissolved oxygen; reduced thermal Adults Juveniles: Decreased availability of thermal 3|_gn!f|cant g_roundw_ater_ recharge. ) and prgductlvuy. .l\/'lay affect adult
refuge —refuge habitat, resulting in increased thermal Limit alteration of riparian vegetation spawning productivity.
stress and increased competition for suitable | (O greatest extent practicable.
habitats.
Adults: Decrease in suitable spawning
habitat, increased competition, decreased
spawning fitness and success.
Marine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile growth and
increased summer temperatures). summer during solar radiation | permanent temperature have a relatively minor effect on riparian vegetation. Maintain system- | survival.
and ambient temperature (dependent on nature nearshore water temperatures relative to the appropriate riparian buffer widths to
extremes) of riparian impacts). dominant influence of marine tidal and current | the greatest extent possible.
patterns, wind conditions, and other factors.
However, juveniles trapped in habitats isolated
Altered ambient air by tidal exchange (e.g., pocket estuaries) may
temperature regime experience increased temperatures where
shade and buffer influence has been altered,
potentially leading to mortality or increased
thermal stress and decreased fitness.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-termto | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival.
bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent availability and foraging opportunities, riparian vegetation. Maintain system-
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to
substrate composition, smothering riparian recovery) effects on growth and fitness. Potential the greatest extent possible.
of aquatic vegetation) habitat avoidance and/or injury and mortality
caused by excessive turbidity, as described for
related stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Pink salmon dependence on Avoid/minimize disturbance of May affect juvenile growth and fitness.
inputs derived prey resources. Reduced occurs during nearshore autochthonous inputs from marine riparian riparian vegetation. Maintain system
aquatic food web productivity due rearing period in spring and vegetation is a data gap. However, pink are appropriate riparian buffer widths to
to reduced organic matter inputs. summer) known to utilize terrestrial insect resources the greatest extent possible.
recruited from the riparian zone. Alteration of
vegetation will therefore result in decreased
foraging opportunities, decreased growth and
fitness, and decreased productivity
Altered habitat Reduced food web productivity, Year-round (stressor exposure | Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival.
complexity reduced foraging opportunity, occurs during nearshore permanent availability and foraging opportunities, permanent alteration of high quality
reduction in available cover rearing period in spring and (dependent on nature leading to increased competition, and resulting | habitat features.
summer) of activity) effects on growth and fitness.
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Pink dependence on groundwater Avoid disturbance of vegetation along | Effects of the action resulting from this

impact mechanism are unknown.
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Table A-4 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pink Salmon.?

Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile growth and fitness,
production in spring and summer when due to decreased food web productivity; offshore to limit grounding and prop potentially limiting subadult survival
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural during ocean migration.
extensive) footprint to minimize shading of
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles Juveniles: See related stressor responses gg?earﬂc \rlggt?gl;(l): t%g;? ?lrg?/t:rs\}vater See effects for related stressors under
due to reduced photosynthesis in spring and summer when under Water Quality Modification. P - DesIg . Water Quality Modification.
vegetation growth is most structures and_ mooring buoy_s in
extensive) accordance with USACE guidance to
limit shading and anchor scour effects.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Construction: Avoid/minimize May affect juvenile survival. May
complexity reduced foraging opportunity, permanent Adults availability and foraging opportunities, Wancedf aquatic veaetation affect adult growth and spawning
reduction in available cover (dependent on nature leading to increased competition and predation quring proiect cgnstructic?n productivity.
of activity) exposure, resulting in decreased survival, gproj '
growth, and fitness. Operation: Enforce vessel operation
Adults: Decreased foraging opportunity due I/%ESt;(t)iclJerégrsr:J:gr?eefrr%?;\j g(r]gst\ll\(/:ash
to decreased food web productivity. grounding, and anchoring, as well as
reduced solar light penetration due to
propeller-induced fine bubbles.
Riverine
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Pink salmon dependence on Design: Site majority of facility Impact mechanism is unlikely to affect
production in spring and summer when autochthonous inputs from aquatic vegetation | offshore to limit grounding and prop pink salmon.
vegetation growth is most is limited, as this species does not forage in wash effects. Limit project structural
extensive) riverine and lacustrine environments. footprint to minimize shading of
Therefore, effects on juvenile pink growth and | aquatic vegetation to the greatest
fitness will be limited. extent practicable. Design overwater
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles; Juveniles and adults: See related stressor Zgggrtg;ﬁi:r\]/sitnt:cggﬂ%Euoalisd;rr]wce to See effects for related stressors under
due to reduced photosynthesis in spring and summer when Adults responses under Water Quality Modification. limit shading and anchor sgcour offects Water Quality Modification.
vegetation growth is most :
extensive) Construction: Avoid/minimize
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat ghsrtiL:]rbar;ggegl‘ 23#?::88{?(%?&'0” May affect juvenile survival.
complexity reduced foraging opportunity, permanent availability, potentially leading to altered g _p ! ' )
reduction in available cover (dependent on nature migratory behavior and increased predation Operation: Enforce vessel operation
of activity) exposure. rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring.
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Table A-4 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pink Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Riverine
Altered channel Change in habitat structure and Year-round Permanent Continuous Eggs and alevins; Eqggs and alevins: Changes in channel Carefully evaluate project siting and May affect survival at egg and alevin,
geometry habitat suitability, reduced food Juveniles morphology, flow velocity, and substrate design and consider the magnitude of and juvenile life-history stages. May
web complexity, reduced spawning composition can alter substrate composition impact mechanisms produced by the affect spawning productivity.
- and rearing habitat availability and - Adults and stability, leading to decreased incubation project. Encourage selections of
Altered flow velocity suitability ;(e;g;[?rgn:cé\s’r':rn;t:jejfi% Permanent Seasonal success and alevin survival. project designs that minimize effects
high-flow events, fall through Juveniles: Altered channel geometry, flow ngZ?;TQECIO?sOg?:{gﬁ ﬂa?]v(‘j’ velocity,
spring) velocity, substrate composition, and q P hanae to th
- groundwater inputs can result in decreased grounawater exchange to the greatest
Altered _sgbstr_alte ) Year round Permanent Continuous refuge habitat suitability, potentially leading to extent practicable.
composition (including changes in migratory behavior, increased
placement of non- stress, and increased predation exposure.
erodable substrate) )
- - Adults: Changes in channel morphology may
Altered groundwater— Year-round (with stressor Permanent Continuous lead to alteration of the migratory corridor and
surface water exchange exposure occurring during egg a reduction in suitable resting habitat, leading
incubation and juvenile to increased stress and decreased spawning
rearing) success. Changes in substrate composition
and stability resulting from altered channel
geometry and flow velocity may lead to
decreased spawning success (e.g., through
reduction in suitable spawning locations
and/or increased scour and/or sedimentation of
redds) if potential spawning habitat is affected.
Addition of impervious Alteration in the magnitude, During storm events, Permanent Common Eggs and alevins; All life-history stages: Because the amount of | Encourage facilities to employ modern | Impervious surface at anticipated scale
surface volume, and timing of peak flows predominantly from fall Juveniles impervious surface associated with marinas is | low-impact development and would not produce stressors of
through spring a relatively inconsequential component of the | stormwater treatment technology. sufficient magnitude to adversely
Adults overall drainage area of the larger river affect pink salmon at any life-history
systems that would support this type of stage.
development, the magnitude of the hydrologic
modification stressor is expected to be
negligible. As such, this stressor is not
expected to significantly affect the riverine
environment, and there will be no response to
the stressor.
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Table A-4 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pink Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Juveniles Juveniles: Wave energy, current velocity, Carefully evaluate project siting and May affect survival and productivity at
habitat suitability, reduced food exposure occuring in spring sediment supply, substrate composition, and design and consider the magnitude of juvenile life-history stage. Decreased
web complexity, habitat availability | and summer when juveniles groundwater inputs are core ecosystem impact mechanisms produced by the fitness may affect survival and
and suitability occupy nearshore habitats for processes and characteristics that compose the | project. Encourage selection of project | productivity during ocean migration
rearing) nearshore ecosystem. Alteration in one or designs that minimize effects on life-history phase.
Altered current Year-round (with variable Permanent Intermittent more of t_hesg parameters can fundqmentally sediment supply, longshore drift
velocities effects depending on site alter marine littoral habitats, potentially patterns, and wave ene.rgy and current
specific current dynamics and _decrea_15|ng the suitability pf rearing habitat for | patterns. For example:
project configuration) Juvenilglpiné salr_n(_)n. This May occur through | , Permeable breakwaters that
- a number of specific stressors, including maintain longshore drift patterns
Altered nearshore Year-round (with seasonally Permanent Seasonal increased exertion and stress due to change in ’
circulation patterns variable effects depending on current and wave energy patterns, increased = Suggest alternative designs for
site-specific geography and predation exposure due to reduction in projects that fragment sources of
bathymetry, and project available cover or exposure to deep water sediment recruitment and
configuration) habitat, food web alterations and decreased groundwater supply.
Altered sediment supply Year-round (beginning with Permanent Continuous foraging opportunity, and increased = Require beach nourisment to
project installation and compgtltlon for suitable habitats. The ) maintain substrate and beach
becoming more pronounced combined effect of these stressors can result in profile characteristics where
over time) decreased growth and productivity, decreased impacts are unavoidable.
fitness for marine migration, and direct
Altered substrate Year-round (beginning with Permanent Continuous mortality.
composition project installation and
becoming more pronounced
over time [e.g., due to
accumulation of shell-hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater— Year-round Permanent Continuous
surface water exchange
Addition of impervious Increased stormwater and nonpoint | During storm events Permanent Intermittent Juveniles; See Increased Stormwater and nonpoint Require facilities to employ modern May affect survival and productivity at
surface source pollution (predominantly from fall Adults source pollution in Water Quality low-impact development and juvenile life-history stage. May affect
through spring) Modification discussion. stormwater treatment technology. adult survival and spawning
Include operational requirements for productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

a

For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For
example, a high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-5. HPA HCP Marinas Exposure and Response Matrix for Sockeye Salmon.?

Sub-
activity
Type

Construction and

Maintenance Activities

Exposure

Mechanism of Impact

Stressor

Marinas and Shipping/Ferry Terminals

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Pile driving Increased underwater noise levels During project construction Temporary (auditory | Interannual to Eggs and alevins; All life-history stages: Stressor response Avoid pile-driving noise in excess of Activity may affect survival and
and maintenance activities masking) to short- decadal (during Juveniles: dependent on noise magnitude and project impact thresholds established by productivity at all life-history stages,
term (hearing project construction ' specific environmental conditions; may range | NOAA Fisheries and USFWS in depending on project-specific noise
threshold effects) and maintenance) Adults from: habitats used by species. Limit pile intensity and receptor exposure.
driving to in-water work windows. Likelihood of egg and alevin exposure
* Ruptu_re_ of egg membrane. ) ) Use double-confined bubble curtainto | is limited, as the majority of sockeye
»  Fatal injury or permanent auditory tissue | reduce sound pressure, or work within | spawning habitat is located in areas
damage limiting to survival. confined or dewatered work areas. unsuitable for marina or terminal
e Increased predation risk and decreased Encourage use of vibratory hammers development. Should exposure occur,
foraging success due to auditory masking | and wooden pilings where practicable. | however, direct mortality or injury is
and/or temporary hearing threshold probable.
effects that increase risk of predation
and/or decrease foraging efficiency due
to decreased ability to sense predators
and prey.
e Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles; Adults and juveniles: Auditory masking or Avoid/minimize propeller cavitation to | May affect survival, growth, and
operation levels and maintenance activities masking) to short- decadal (during Adults temporary hearing threshold effects may limit noise intensity. Promote use of fitness due to avoidance behavior,

term (hearing
threshold effects)

project construction
and maintenance)

increase risk of predation and/or decrease
foraging efficiency due to decreased ability to
sense predators and/or prey.

vessels equipped with antinoise/
antivibration technology where
practicable.

decreased foraging success, and
increased predation risk.

Channel/work area
dewatering

Fish removal, relocation, and During project construction Short -term Interannual to Eggs and alevins; Eqggs and alevins: Mortality, injury, or stress Use protocols established by NOAA Likelihood of egg and alevin exposure
exclusion and maintenance activities decadal (depending Juveniles: from capture, handling, and relocation. Egg Fisheries and WDFW/WSDOT to is limited, as the majority of sockeye
on activity ' relocation is impractical, likely leading to avoid and minimize impacts. spawning habitat is located in areas
frequency) Adults mortality. unsuitable for marina or terminal
Adults and juveniles: Mortality, injury, or ﬂevelopmgnt. tShOUItdIE.’tXpOSl.”? oceur,
stress from capture, handling, and relocation. owever, direct mortality or Injury 1S
) . probable. May cause direct injury or
Juveniles: Increased competition once mortality of juveniles and adults.
relocated, reduced growth and fitness, Stress may affect survival, growth, and
increased predation exposure. fitness as well as adult spawning
Adults: Delayed migration, resulting in productivity.
decreased fitness and spawning success.
Entrainment in pumps or During project construction Short-term Interannual to Eggs and alevins; Eqggs, alevins, and juveniles: Injury or Install and maintain pump screens Likelihood of egg and alevin exposure

impingement on pump screens

and maintenance activities

decadal (depending
on activity
frequency)

Juveniles

mortality from entrainment or impingement.

consistent with WDFW protocols.
Adhere to system-specific in-water
work windows, avoid use when
juveniles are present.

is limited as the majority of sockeye
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. May cause direct mortality
or injury at juvenile life-history stage.
Stress may affect survival, growth, and
fitness as well as adult spawning
productivity.
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Table A-5 (continued).

HPA HCP Marinas Exposure and Response Matrix for Sockeye Salmon.?

dredging

substrate characteristics

and maintenance activities

described under Hydraulic and Geomorphic

currently filled or degraded shallow

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered flow conditions (riverine) During project construction Short-term Interannual to Eggs and alevins; Eggs and alevins: Potential redd scour and/or | Limit alteration of flow conditions to Likelihood of egg and alevin exposure
and maintenance activities decadal (depending Juveniles: sedimentation, resulting in decreased minimal area. is limited as the majority of sockeye
on activity ' incubation success. spawning habitat is located in areas
frequency) Adults Juveniles: Altered habitat suitability, unsuitable for marina or terminal
increased stress, increased competition, development. Should Exposure occur,
decreased growth and fitness. however, decrea}sed sur\_/lval is likely.
May affect survival during egg and
Adults: Delayed migration, increased stress, alevin life-history stage; may affect
decreased spawning fitness. adult spawning productivity.
Altered current and circulation During project construction Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, Limit alteration of current and May affect juvenile growth and fitness;
conditions (marine, estuarine, and and maintenance activities decadal (depending Adults increased stress, increased competition, circulation patterns to greatest extent may affect adult spawning
lacustrine) on activity decreased growth and fitness. practicable to minimal area. productivity.
frequency) Adults: Delayed migration, increased stress,
decreased spawning fitness.
Stream bed disturbance, increased During project construction Temporary Interannual to Eggs and alevins; Eggs and alevins: Potential decreased egg Adhere to system-specific in-water May affect egg and alevin incubation
turbidity (associated with site and maintenance activities decadal (depending Juveniles: incubation success and alevin survival due to work windows. Avoid work during success and survival; may affect
rewatering) on activity ' turbidity exposure and substrate disturbance. egg incubation periods. growth and fitness at juvenile life-
frequency) Adults Juveniles: Stress and behavioral history stage; may affect adult
modifications by rearing juveniles exposed to spawning productivity.
sediment pulses, migration delay, reduced
foraging opportunities, and increased
predation risk.
Adults: Stress and behavioral modifications
by adults exposed to sediment pulses,
potential migration delay leading to reduced
spawning productivity, reduced foraging
opportunities, and increased predation risk.
Localized alteration in invertebrate | During project construction Short-term Interannual to Juveniles Juveniles: Short-term reduction in foraging Limit area of dewatering to the greatest | May affect growth and productivity at
abundance and maintenance activities decadal (depending opportunity, increased competition, decreased | extent practicable. juvenile life-history stage.
on activity growth and fitness.
frequency)
Increased suspended solids During project construction Short-term Interannual to Eggs and alevins; All life-history stages: See responses to Limit area of dewatering to the greatest | Likelihood of egg and alevin exposure
and maintenance activities decadal (depending Juveniles: related stressors under Water Quality extent practicable. Follow established | is limited, as the majority of sockeye
on activity ' Modification. protocols for dewatering and spawning habitat is located in areas
frequency) Adults rewatering. Adhere to system-specific | unsuitable for marina or terminal
in-water work windows. development. Should exposure occur,
however, direct mortality or injury is
probable. See effects for related
stressors under Water Quality
Modification.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual-decadal Eggs and alevins; All life-history stages: See responses Avoid fill or, if unavoidable, restore See effects for related stressors under

Hydraulic and Geomorphic

Juveniles; AR . . o
Modification. shoreline habitats. Modification.
Adults
Aquatic vegetation removal and During project construction Intermediate-term Interannual-decadal Juveniles; Juveniles and adults: See responses described | Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Adults under Aquatic Vegetation Modification. submerged aquatic vegetation to the Aquatic Vegetation Modification.

greatest extent practicable through
project siting.
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Table A-5 (continued).

HPA HCP Marinas Exposure and Response Matrix for Sockeye Salmon.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Entrainment of benthic organisms,
increased suspended solids,
resuspension of contaminated
sediments

During project construction
and maintenance activities

Temporary to short-
term

Interannual—-decadal

Eggs and alevins;
Juveniles;
Adults

Eggs and alevins: Mortality or injury from
entrainment.

Juveniles: Altered migratory behavior.
Decreased foraging opportunity due to short-
term reduction in prey abundance. Decreased
growth and fitness.

All life-history stages: See responses
described for related stressors under Water
Quality Modification.

Limit dredging-related turbidity to the
greatest extent practicable. Adhere to
system-specific in-water work
windows.

Likelihood of egg and alevin exposure
is limited as the majority of sockeye
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. May affect survival during
egg and alevin life-history stage. May
affect juvenile growth and fitness. See
effects for related stressors on all life-
history stages under Water Quality
Modification.

Facility Operation and
Vessel Activities

Grounding, anchoring, Increased turbidity, disturbed Year-round (with intensity Permanent Common Eggs and alevins; All life-history stages: Response to increased | Site facilities in deeper water to avoid Likelihood of egg and alevin exposure
and/or prop wash benthic area dependent on facility activity Juveniles: turbidity exposure as described for related suspension of sediments from prop is limited as the majority of sockeye
peaks) ' stressors under Water Quality Modification. wash and grounding. Prevent or spawning habitat is located in areas
Adults; Response to benthic disturbance as described discourage anchoring and provide unsuitable for marina or terminal
for Hydraulic and Geomorphic Modification. alternatives such as mooring buoys development. See effects for related
designed in accordance with USACE stressors under Water Quality
guidance. Modification and Hydraulic and
Geomorphic Modification.
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Aquatic Vegetation Modification. suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods, with wash and grounding. Prevent or
intensity dependent on discourage anchoring and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Freshwater aquatic vegetation Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Aquatic Vegetation Modification. suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods, with wash and grounding. Prevent or
intensity dependent on discourage anchoring and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year round (with intensity Permanent Intermittent to Eggs and alevins; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under

operational discharges

dissolved oxygen, and dependent on facility activity common Juveniles; altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) Adults suspended solid exposure as described for discharge of ballast water where

related stressors under Water related stressors Water Quality Modification. practicable.

Quality Modification

Introduction of non-native species Year round (with intensity Permanent (once Common Eggs and alevins; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival, growth, and

dependent on facility activity invasive species are introductions with Juveniles; interactions and food web organization; to ballast water management fitness at all life-history stages.
peaks) established) interannual to Adults exposure to non-native pathogens. regulations. Provide for upland
decadal colonization discharge of ballast water where
events practicable.
Increased or altered Auditory masking and/or alteration | Year-round (with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration limits; May affect survival and growth due to
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to avoid propeller cavitation. avoidance behavior, decreased

peaks [stressor exposure
occurring in spring and
summer during nearshore

migration])

sense predators and/or prey, increasing risk of
predation and decreasing foraging efficiency.

foraging success, and increased
predation risk.
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Table A-5 (continued).

HPA HCP Marinas Exposure and Response Matrix for Sockeye Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles Juveniles: Alteration or delay of migratory Design facilities so majority of May affect juvenile survival and
modification and moored vessel hulls, creating sunset (stressor exposure behavior (most pronounced in estuarine structural and moorage shading occurs | growth; may delay outmigration,
light contrasts requiring visual and occurs in spring and summer rearing environments). offshore away from submerged aquatic | resulting in reduced marine
behavioral adaptation during nearshore migration) vegetation, migration corridors, and productivity.
foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions
and effects on submerged aquatic
vegetation.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles Juveniles: Attraction to lighted area, delaying | Reduce and shield facility and vessel May affect juvenile survival; may
vessel lighting, creating light sunrise (stressor exposure or altering migration. Increased predation lighting to limit nighttime illumination | delay outmigration, resulting in
contrasts requiring visual and occurs in spring and summer exposure (most pronounced in estuarine of the underwater environment. reduced marine survival.
behavioral adaptation during nearshore migration) rearing environments).
Shading from structures and Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Limit project structural May affect juvenile growth and fitness.
vessels, resulting in loss of aquatic in spring and summer when due to decreased food web productivity, footprint to minimize shading of
vegetation vegetation growth is most decreased growth, and fitness. See Aquatic aquatic vegetation to the greatest
extensive) Vegetation Modification for additional detail extent practicable. Design overwater
and related stressors. structures and mooring buoys in
accordance with USACE guidance to
limit shading and anchor scour effects.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, and reduced
ambient solar light penetration due to
propeller-induced fine bubbles.
Marine systems: Decreased light Year-round, sunrise to sunset, | Permanent Continuous to Juveniles Juveniles: See impact mechanisms, stressors, | Enforce speed and acceleration limits; May affect juvenile growth and fitness.
penetration due to increased surface | with intensity dependent on intermittent and stressor responses under Aquatic avoid propeller cavitation.
reflectance from fine bubble facility activity peaks (stressor Vegetation Modification.
profusion produced by propeller exposure occurs in spring and
action. summer during nearshore
migration)
Water Quality
Modification

Increased suspended solids

Dependent on contributing
mechanism of impact

Temporary to short-
term (dependent on
contributing
mechanism of
impact)

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and alevins;
Juveniles;
Adults

Eqggs and alevins: Turbidity sufficient to
cause fine sediment embeddedness may lead
to direct mortality and decreased survival of
eggs and alevins through reduction in
substrate dissolved oxygen.

Juveniles and adults: Responses vary
depending on stressor magnitude.
Unavoidable extreme turbidity may cause
physical injury and/or physiological effects
(e.g., gill trauma, altered osmoregulation,
blood chemistry changes). Moderate to high
turbidity may cause behavioral alteration (e.g.,
avoidance responses) leading to increased
territoriality, reduced foraging opportunity,
increased predation exposure, and altered
migration behavior.

Adults: Reduction in suitable spawning
habitat (due to substrate embeddedness) and
reduced spawning success.

Ensure project design avoids and/or
minimizes habitat alterations leading to
chronic bank instability. Avoid short-
term turbidity effects above
background levels to greatest extent
practicable. Adhere to established
protocols for managing sediment and
turbidity.

May affect survival of incubating eggs
and alevins. May affect juvenile
growth and fitness and adult
productivity and spawning success.
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Table A-5 (continued).

HPA HCP Marinas Exposure and Response Matrix for Sockeye Salmon.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Resuspension of contaminated
sediments, resulting in exposure to
toxic substances

Introduction of toxic substances

Dependent on contributing
mechanism of impact

Temporary to short-
term (e.g.,
operational spills) to
long-term (e.g.,
reexposure of buried
contaminants)
dependent on
contributing
mechanism of impact

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and alevins;
Juveniles;
Adults

Eggs and alevins: Decreased survival;
increased incidence of developmental
abnormalities leading to decreased survival
and fitness.

Juveniles and adults: Avoidance, mortality,
increased stress, reduced growth and fitness,
tissue bioaccumulation, increased disease
incidence, and reduced additional stressor
toleration, habitat avoidance, altered or
delayed migration behavior.

Identify and demarcate all areas with
contaminated sediments, manage and
avoid causes of sediment disturbance
(e.g., define and maintain vessel speed
limits in areas where contaminated
sediments could be disturbed). Ensure
procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of non-
toxic, biodegradable lubricants in
construction vessels.

Likelihood of egg and alevin exposure
is limited as the majority of sockeye
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect growth and
fitness at juvenile life-history stages.
Reduced growth and fitness may affect
adult spawning productivity.

Altered dissolved oxygen levels

Dependent on contributing

Temporary to short-

Intermittent to

Eggs and alevins;

All life-history stages: Mortality in acute low

Avoid sediment pulses. Limit nutrient

Likelihood of egg and alevin exposure

mechanism of impact term (e.g., permanent Juveniles; dissolved oxygen events due to asphyxiation. inputs associated with discharges of is limited as the majority of sockeye
contaminant spill or (dependent on Adults wastewater and gray water. Other spawning habitat is located in areas
discharge) to contributing mechanism-specific measures as unsuitable for marina or terminal
seasonal (e.g., mechanism of appropriate. development. Should exposure occur,
reduced submerged impact) stressor may affect survival. May
aquatic vegetation affect juvenile survival, growth, and
productivity due to fitness, as well as adult survival,
changes in ambient productivity, and spawning success.
light patterns)
dependent on
contributing
mechanism of impact

Altered pH levels Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles and adults: Physiological responses | Limit nutrient inputs with wastewater May affect survival and fitness of
mechanism of impact term (dependent on interannual—decadal Adults to pH levels outside of optimal thresholds, and gray water holding and no direct juveniles and adults.

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.

waste discharge. Avoid in-water
curing of concrete or discharge of
concrete leachate to surface waters.

Use of creosote-treated
wood

Leaching of polycyclic aromatic
hydrocarbons (PAHSs)

Leaching begins upon
installation, with highest
levels after initial immersion,
followed by peaks during
periods of increased

temperatures and higher flows.

Leaching more pronounced
when used in fresh water.
Spikes in concentration will
occur during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.

Long-term (with
decreasing
concentration
intensity over time)

Continuous with
seasonal pulses
(associated with high
water temperature
and current velocity)

Eggs and alevins;
Juveniles;
Adults

All life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Use of ACZA- and CCA
type C-treated wood

Leaching of metals (Cu, As, Cr, Zn)

Leaching begins upon
installation, with highest
levels occurring within 7
months of initial immersion.
Spikes in concentration will
occur during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.

Intermediate-term

Continuous with
seasonal pulses
(dependent on current
velocity)

Eggs and alevins;
Juveniles;
Adults

All life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Promote removal of creosote-treated
wood and prevent new uses in
accordance with pertinent regulations.
Avoid use of other treated wood
products where practicable. Use
alternative materials such as concrete,
galvanized steel, plastic lumber,
recycled plastics, and plastic coatings
where practicable. Where treated
wood is necessary, use dense-grained
material to limit leaching. Use plastic
or metal cuffs at abrasion points to
avoid fragmentation and release of
treated wood particulates.

Removal: Completely remove treated
wood where practicable, consistent
with WDNR Standard Practice
Memorandum. When piles are left in
place, cut off at least 2 ft below surface
and cap with clean sediment. Contain
and capture sawdust for disposal at
approved facility.

Likelihood of egg and alevin exposure
is limited as the majority of sockeye
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect survival,
growth, and fitness of juveniles and
adults.
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Table A-5 (continued).

HPA HCP Marinas Exposure and Response Matrix for Sockeye Salmon.?

and nonpoint source
pollution

contaminants, nutrients, altered
dissolved oxygen, and increased
suspended solids

and spring and summer high
boat-use periods

Juveniles
Adults

altered pH, altered dissolved oxygen levels,
contaminant exposure, and increased
suspended solids

low-impact development and
stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Increased stormwater Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Eggs and alevins; All life-history stages: Combined responses to | Require facilities to employ modern Likelihood of egg and alevin exposure

is limited as the majority of sockeye
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect juvenile
survival, growth, and fitness. May
affect adult spawning productivity.

Riparian Vegetation
Modification

Riverine

Altered riparian shading

Altered ambient air
temperature regime

Expansion of thermal regime (i.e.,
increased summer temperatures,
decreased winter temperatures)

Year-round (pronounced in
winter/summer during solar
radiation and ambient
temperature extremes)

Long-term to
permanent
(dependent on nature
of riparian impacts)

Seasonal Eggs and alevins;
Juveniles;

Adults

Eggs and alevins: Direct mortality due to
winter ice formation and scour.

Juveniles: Altered growth and productivity
caused by temperatures outside optimal
growth range, and alteration of food web
patterns.

Adults and juveniles: Direct mortality caused
by exposure to temperatures in excess of
tolerance thresholds.

Adults: Decreased spawning fitness due to
migration delays caused by thermal barriers.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Likelihood of egg and alevin exposure
is limited as the majority of sockeye
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival. May
affect survival, growth, and fitness
during juvenile rearing. May affect
adult survival and spawning
productivity.

Altered stream bank and
shoreline stability

Increased suspended solids;
decreased redd dissolved oxygen;

Year-round (with specific
stressors prominent during

Intermediate-term to
long-term (dependent

Continuous to
seasonal (dependent

Eggs and alevins;

Eggs/alevins: Decreased incubation success
due to decreased redd dissolved oxygen as

Avoid/minimize disturbance of
riparian vegetation. Maintain system-

Likelihood of egg and alevin exposure
is limited as the majority of sockeye

inputs

derived prey resources; reduced
aquatic food web productivity due
to reduction in organic matter
inputs

due to decreased food web productivity;
decreased growth and fitness.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

decreased area of suitable spawning | high-flow conditions) on time required for on specific stressor) Juveniles; described for related stressor responses under | appropriate riparian buffer widths to spawning habitat is located in areas
habitat; reduced habitat complexity riparian recovery) Adults Water Quality Modification. the greatest extent possible. unsuitable for marina or terminal
(e.g., filling of pools) Juveniles: Decreased refuge habitat development. Should exposure occur,
availability and foraging opportunities, stressor may affect survival. _May
leading to increased competition and resulting affe.Ct s.urvwz'al, ngV.Vthv and fitness
effects on growth and fitness. Potential during juvenile rearing. May affect
habitat avoidance and/or injury and mortality adult sur V_'Val and spawning
caused by excessive turbidity, as described for productivity.
related stressor responses under Water Quality
Modification.
Adults: Decreased spawning success due to
decreased availability of suitable spawning
habitat. Potential migration delay, habitat
avoidance, and/or injury and mortality caused
by excessive turbidity, as described for related
stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Avoid/minimize disturbance of May affect juvenile rearing.
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Table A-5 (continued). HPA HCP Marinas Exposure and Response Matrix for Sockeye Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered habitat Reduced recruitment of large Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile growth and
complexity woody debris, affecting habitat permanent Adults availability and foraging opportunities, permanent alteration of high-quality survival, spawning success, and overall
structure, hydraulic and substrate (dependent on nature leading to increased competition and resulting | habitat features. population productivity.
complexity, and availability of of activity) effects on growth and fitness.
organic subs.trz'ite; reduced food . Adults: Increased mortality; decreased fitness
web productivity, reduced foraging and spawning success due to decreased
opportunity, Tedu_c“O” n available availability of suitable migratory and
cover, reduction in available s ina habitat
. - pawning habitat.
spawning habitat (freshwater)
Altered groundwater— Reduced available suitable Year-round Permanent Continuous Eggs and alevins; Eggs and alevins: Decreased incubation Avoid permitting of projects in areas May affect survival of eggs and
surface water exchange spawning habitat; reduced gravel Juveniles: success. with springs, seeps, or other sources of | alevins. May affect juvenile survival
dissolved oxygen Adults Juveniles: Decreased availability of thermal significant groundwater recharge. and growth. May affect adult
refuge habitat, resulting in increased thermal Limit alteration of riparian vegetation spawning productivity.
stress and increased competition for suitable | {0 greatest extent practicable.
habitats.
Adults: Decrease in suitable spawning
habitat, increased competition, decreased
spawning fitness and success.
Marine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival and
increased summer temperatures) summer during solar radiation | permanent temperature have a minor effect on nearshore riparian vegetation. Maintain system- | growth.
and ambient temperature (dependent on nature water temperatures relative to the dominant appropriate riparian buffer widths to
extremes) of riparian impacts) influence of marine tidal and current patterns, | the greatest extent possible.
wind conditions, and other factors. Juvenile
sockeye dependence on the nearshore marine
- - environment is relatively limited. However,
Altered ambient air juveniles trapped in habitats isolated by tidal
temperature regime exchange (e.g., pocket estuaries) may
experience increased temperatures where
shade and buffer influence has been altered,
potentially leading to mortality or increased
thermal stress and decreased fitness.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival and
bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent availability and foraging opportunities, riparian vegetation. Maintain system- | fitness.
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to
substrate composition, smothering riparian recovery) effects on growth and fitness. Potential the greatest extent possible.
of aquatic vegetation) habitat avoidance and/or injury and mortality
caused by excessive turbidity, as described for
related stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Sockeye dependence on Avoid/minimize disturbance of Potential effects resulting from this
inputs derived prey resources; reduced occurs during nearshore autochthonous inputs from marine riparian riparian vegetation. Maintain system- | impact mechanism are unknown.
aquatic food web productivity due rearing period in spring and vegetation is a data gap but is likely limited appropriate riparian buffer widths to
to reduced organic matter inputs summer) due to the lesser dependence of this species on | the greatest extent possible.
the nearshore marine environment.
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Juveniles; Juveniles: Sockeye dependence on nearshore | Encourage project designs that limit Potential effects on juvenile sockeye
complexity woody debris, affecting habitat occurs during nearshore permanent Adults marine habitats is limited in comparison to permanent alteration of high-quality resulting from this impact mechanism
structure, hydraulic and substrate rearing period in spring and (dependent on nature other salmonids. Sockeye response to habitat features. are unknown. May affect adult growth
complexity, and availability of summer) of activity) alteration of nearshore habitat complexity is and productivity.
organic substrate. Reduced food currently a data gap.
web productivity, reduced foraging Adults: Reduction in nearshore habitat
opportunity, reduction in available complexity may affect availability of forage
COVEr. for returning adult sockeye, affecting growth
and productivity during spawning.
Working Draft-Do Not Cite Washington Department of Fish and Wildlife
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Table A-5 (continued).

HPA HCP Marinas Exposure and Response Matrix for Sockeye Salmon.?

Altered ambient air
temperature regime

increased summer temperatures,
decreased winter temperatures)

winter/summer during solar
radiation and ambient
temperature extremes)

permanent
(dependent on nature
of riparian impacts)

temperature have a minor effect on nearshore
water temperatures relative to the dominant
influence of lake stratification, reservoir
current patterns, wind conditions, and other
factors. However, shallow littoral habitats
may experience increased temperatures due to
lack of shade, leading to decreased availability
of refuge and forage habitat, increased
competition, and increased predation
exposure.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered groundwater Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Sockeye dependence on Avoid disturbance of vegetation along | Effects of the action resulting from this
surface water exchange productivity; secondary effects on occurs during nearshore groundwater inflow to nearshore marine shoreline. impact mechanism are unknown.
habitat complexity (e.g., through rearing period in spring and habitats is currently a data gap.
alteration of aquatic vegetation) summer)
Lacustrine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival, growth,

and fitness.

Altered shoreline
stability

Increased suspended solids;
secondary effects on habitat
complexity (e.g., through change in
substrate composition, smothering
of aquatic vegetation)

Year-round (with primary
stressor prominent during high
wave energy conditions)

Intermediate-term to
long-term (dependent
on time required for
riparian recovery)

Continuous to
seasonal (dependent
on specific stressor)

Eggs and alevins;
Juveniles;
Adults

Eggs and alevins: Potential reduction in egg
survival and incubation success (for beach
spawning sockeye) due to increased
sedimentation and turbidity, as described
under Water Quality Modification.

Juveniles: Decreased refuge habitat
availability and foraging opportunities,
leading to increased competition and resulting
effects on growth and fitness. Potential
habitat avoidance and/or injury and mortality
caused by excessive turbidity, as described for
related stressor responses under Water Quality
Modification.

Adults: May affect spawning habitat
suitability, leading to decreased spawning
productivity as described under Water Quality
Modification.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

May affect egg and alevin survival.
May affect juvenile survival and
productivity. May affect adult
spawning productivity.

Altered allochthonous
inputs

Reduced recruitment of terrestrially
derived prey resources; reduced
aquatic food web productivity due
to reduction of organic matter
inputs

Year-round (stressor exposure
occurs during nearshore
rearing period in spring and
summer)

Permanent

Continuous

Juveniles

Juveniles: Sockeye dependence on
autochthonous inputs from lacustrine riparian
vegetation is a data gap. Sockeye are
primarily planktonic feeders in the photic
zone, so direct dependence on allochthonous
inputs for prey is likely limited.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Potential effects resulting from this
impact mechanism are unknown.

Altered habitat
complexity

Reduced recruitment of large
woody debris, affecting habitat
structure, hydraulic and substrate
complexity, and availability of
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover.

Year-round (stressor exposure
occurs during nearshore
rearing period in spring and
summer)

Intermediate-term to
permanent
(dependent on nature
of activity and time
required for
recovery)

Continuous

Juveniles

Juveniles: Decreased refuge habitat
availability and foraging opportunities,
leading to increased competition and resulting
effects on growth and fitness.

Encourage project designs that limit
permanent alteration of high-quality
habitat features.

May affect juvenile survival, growth,
and fitness.
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Table A-5 (continued).

HPA HCP Marinas Exposure and Response Matrix for Sockeye Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Short-term to Continuous Eggs and alevins; Eggs and alevins: Decreased egg and alevin Avoid disturbance of vegetation along | May affect egg and alevin survival.
surface water exchange productivity; secondary effects on occurs during nearshore permanent Juveniles: survival (beach-spawning sockeyes) due to shoreline. May affect adult spawning
habitat complexity (e.g., through rearing period in spring and (dependent on nature ' lower dissolved oxygen levels in spawning productivity. Effects on juveniles are
alteration of aquatic vegetation) summer) of activity) Adults substrate. unknown.
Juveniles: Sockeye dependence on
groundwater inflow to nearshore habitats is
currently a data gap.
Adults: Decreased suitable spawning habitat,
leading to decreased spawning productivity.
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Sockeye dependence on Design: Site majority of facility Potential effects resulting from this
production in spring and summer when autochthonous inputs from marine littoral offshore to limit grounding and prop impact mechanism are unknown.
vegetation growth is most vegetation isa data gap but is likely limited wash effects. Limit project structural
extensive) due to the lesser dependence of this species on | footprint to minimize shading of
the nearshore marine environment. aquatic vegetation to the greatest
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles Juveniles: See related stressor responses extent practicable. Design overwater See effects for related stressors under
due to reduced photosynthesis in spring and summer when under Water Quality Modification. structures and_ mooring buoy_s In Water Quality Modification.
: : accordance with USACE guidance to
vegetation growth is most limit shadi danch froct
extensive) imit shading and anchor scour effects.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Sockeye dependence on nearshore g:igt%mf ':‘\ﬁ;'gén\lmg;ieo n Potential effects on juvenile sockeye
complexity reduced foraging opportunity, permanent Adults marine habitats is limited in comparison to quring broiect coqnstructic?n resulting from this impact mechanism
reduction in available cover (dependent on nature other salmonids. Sockeye response to g proJ ' are unknown. May affect adult growth
of activity) alteration of nearshore habitat complexity is Operation: Enforce vessel operation and productivity.
currently a data gap. rules to limit submerged aquatic
Adults: Reduction in nearshore habitat vegetation dar_nage from prop_eller
complexity may affect availability of forage wash, grounding, and anchoring, as
f : - well as reduced ambient light from fine
or returning adult sockeye, affecting growth b .
- . - ubble profusion.
and productivity during spawning.
Riverine and
Lacustrine
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Alteration of aquatic vegetation Design: Site majority of facility May affect juvenile productivity.
production in spring and summer when may indirectly affect food web dynamics, offshore to limit grounding and prop
vegetation growth is most potentially leading to decreased foraging wash effects. Limit project structural
extensive) opportunities. footprint to minimize shading of
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles; Juveniles and adults: See related stressor aq‘tjat;c Vth?tatt')?n tgth? greatest t See effects for related stressors under
due to reduced photosynthesis in spring and summer when Adults responses under Water Quality Modification. gtxrlf:tu?ggcarlmfjam(e)brinesgn overwater Water Quality Modification.
vegetation growth is most - g buoys In
extensive) a_ccprdancg with USACE guidance to
limit shading and anchor scour effects.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles Juveniles: Alteration of aquatic vegetation Construction: Avoid/minimize May affect juvenile survival.
complexity reduced foraging opportunity, permanent may indirectly affect food web dynamics, Wemcedf aquatic vegetation
reduction in available cover (dependent on nature potentially leading to decreased foraging quring proiect construction
of activity) opportunities. g proJ :
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring.
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Table A-5 (continued).

HPA HCP Marinas Exposure and Response Matrix for Sockeye Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Riverine
Altered channel Change in habitat structure and Year-round Permanent Continuous Eggs and alevins; Eggs and alevins: Changes in channel Carefully evaluate project siting and May affect survival, growth, and
geometry habitat suitability, reduced food Juveniles: morphology, flow velocity, and substrate design and consider the magnitude of fitness at egg, alevin, and juvenile life-
web complexity, reduced spawning Adults ' composition can alter substrate composition impact mechanisms prloduced by the history stages (river rearing sockeye).
- and rearing habitat availability and n u and stability, leading to decreased incubation roject. Encourage selection of project | May affect spawning productivity.
Altered flow velocity suitabilitygJ / ;(e;g;[?rgn:cé\s’r':rn;t:jejfi% Permanent Seasonal success angl alevin s%rvival. gesjigns that mini?nize effects onp : g P P Y
high-flow events, fall through Juveniles: Altered channel geometry, flow ggﬁgt?z{egggme%}igmxglOC'ty’
spring) velocity, and substrate composition can result q P hange to th
- in decreased refuge habitat during migration to grounawater exchange to the greatest
Altered _sgbstr_alte ) Year-round Permanent Continuous lacustrine rearing environments, and increased extent practicable.
composition (including predation exposure. Juvenile river rearing
placement of non- sockeye may also experience decreased
erodable substrate) foraging opportunity, leading to increased
Altered groundwater— Year-round (with stressor Permanent Continuous competition and decreased growth and fitness.
surface water exchange exposure occurring during egg Adults: Changes in channel morphology may
incubation and juvenile lead to alteration of the migratory corridor and
rearing) a reduction in suitable resting habitat, leading
to increased stress and decreased spawning
success. Changes in substrate composition
and stability resulting from altered channel
geometry and flow velocity may lead to
decreased spawning success (e.g., through
reduction in suitable spawning locations
and/or increased scour and/or sedimentation of
redds) if potential spawning habitat is affected.
Addition of impervious Alteration in the magnitude, During storm events Permanent Common Eggs and alevins; All life-history stages: Because the amount of | Encourage facilities to employ modern | Impervious surface at anticipated scale
surface volume, and timing of peak flows (predominantly from fall Juveniles: impervious surface associated with marinas is | low-impact development and would not produce stressors of
through spring) ' a relatively inconsequential component of the | stormwater treatment technology. sufficient magnitude to adversely
Adults overall drainage area of the larger river affect sockeye at any life-history stage.
systems that would support this type of
development, the magnitude of the hydrologic
modification stressor is expected to be
negligible. As such, this stressor is not
expected to significantly affect the riverine
environment, and there will be no response to
the stressor.
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Table A-5 (continued).

HPA HCP Marinas Exposure and Response Matrix for Sockeye Salmon.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Juveniles; Juveniles: Wave energy, current velocity, Carefully evaluate project siting and May affect survival, growth, and
habitat suitability, reduced food exposure occuring in spring Adults sediment supply, substrate composition, and design and consider the magnitude of fitness at juvenile life-history stage.
web complexity, habitat availability | and summer when juveniles groundwater inputs are core ecosystem impact mechanisms produced by the Decreased fitness may affect survival
and suitability transit nearshore habitats) processes and characteristics that compose the | project. Encourage selection of project | and productivity during ocean
Altered current Year-round (with variable Permanent Intermittent nearshore ecosystem. Alteration in one or des!gns that minimize effects on migration life-history phase. M_a)_/
velocities effects depending on site- more of t_hesg parameters can funda_mentally sediment supply, longshore drift affect adult growth and productivity.
specific current dynamics and alter marine Ilttqral_ habitats. Juvenile sockeye | patterns, and wave engrgy and current
project configuration) have relatlvely_ I|m|teql dependence on patterns. For example:
- nearshore marine habitats. However, «  Permeable breakwaters that
Altered nearshore Year-round (with seasonally Permanent Seasonal alteration of habitat productivity in the maintain longshore drift patterns
circulation patterns variable effects depending on nearshore may lead to alteration of food web '
site-specific geography and dynamics in offshore environments, = Suggest alternative designs for
bathymetry, and project potentially affecting foraging opportunities, projects that frggment sources of
configuration) leading to decreased growth and productivity. sediment recruitment and
Altered sediment supply Year-round (beginning with Permanent Continuous Adults: Alteration of nearshore habitat groundwater supply.
project installation and characteristics can demonstrably affect the = Require beach nourisment to
becoming more pronounced productivity of forage species preyed upon by malr_ltaln substraFe ,_alnd beach
over time) returning adult sockeye. Decreased foraging profile characteristics where
Altered substrate Year-round (beginning with Permanent Continuous opportunity may lead to decreased growth and impacts are unavoidable.
composition project installation and productivity.
becoming more pronounced
over time [e.g., due to
accumulation of shell-hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater Year-round Permanent Continuous
surface water exchange
Addition of impervious Increased stormwater and nonpoint | During storm events Permanent Intermittent Juveniles; See Increased Stormwater and no-point Require facilities to employ modern May affect survival, growth, and
surface source pollution (predominantly from fall Adults source pollution in Water Quality low-impact development and fitness at juvenile life-history stage.
through spring) Modification discussion. stormwater treatment technology. May affect adult survival and
Include operational requirements for spawning productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
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Table A-5 (continued).

HPA HCP Marinas Exposure and Response Matrix for Sockeye Salmon.?

Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Lacustrine
Altered wave energy Change in habitat structure and Year-round (with predominant | Permanent Continuous Juveniles; Juveniles: Wave energy, current velocity, Carefully evaluate project siting and May affect growth and fitness at
(short-period waves) habitat suitability, reduced food effects from fall through Adults sediment supply, substrate composition, and design and consider the magnitude of juvenile life-history stage. May affect
web complexity, habitat availability | spring when wind-driven groundwater inputs are core ecosystem impact mechanisms produced by the adult spawning productivity.
and suitability waves are most pronounced) processes and characteristics that compose the | project. Encourage selections of
Altered current Year-round (with effects more | Permanent Common nearshore ecosystem. Alteration in one or project designs that minimize effgcts
S . . : more of these parameters can fundamentally on sediment supply, longshore drift
velocities predominant in reservoirs L - .
alter marine littoral habitats. Juvenile sockeye | patterns, and wave energy and current
versus natural lakes) - L .
have relatively limited dependence on patterns. For example:
Altered nearshore Year-round (with variable Permanent Seasonal nearshore marine habitats. However
; ; . g LR = Permeable breakwaters that
circulation patterns effects by season [e.g., alteration of habitat productivity in the maintain longshore drift pattems
circulation patterns]) nearshore may lead to alteration of food web | ] ; '
- - ics i i = Suggest alternative designs for
Altered sediment suppl Year-round Permanent Continuous dynam_lcs n offshore jggronments, :
PPy : potentially affecting foraging opportunities, projects that fragment sources of
Altered substrate Year-round Permanent Continuous leading to decreased growth and productivity. sediment recruitment and
composition groundwater supply.
Altered groundwater— Year-round Permanent Continuous , . . = Require beach nourisment to
surface water exchange ACUEERgeration of nearshore habitat maintain substrate and beach
parameters may alter the suitability of profile characteristics where
shorell_ne spawning habl_tats for beach impacts are unavoidable.
spawning sockeye, leading to decreased
spawning productivity.
Addition of impervious Increased stormwater and non-point | During storm events Permanent Intermittent Juveniles; See Increased Stormwater and nonpoint Require facilities to employ modern May affect survival, growth, and
surface source pollution (predominantly from fall Adults source pollution in Water Quality low-impact development and growth at juvenile life-history stage.
through spring) Modification discussion. stormwater treatment technology. May affect adult survival and
Include operational requirements for spawning productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

 For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-6. HPA HCP Marinas Exposure and Response Matrix for Steelhead.®

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism

Marinas and Shipping/Ferry Terminals

Construction and

Maintenance Activities

Pile driving Increased underwater noise levels During project construction Temporary (auditory | Interannual to Eggs and alevins; All life-history stages: Stressor response Avoid pile-driving noise in excess of Activity may affect survival and
and maintenance activities masking) to short- decadal (during Juveniles; dependent on noise magnitude and project- impact thresholds established by productivity at all life-history stages,
term (hearing project construction Adults specific environmental conditions; may range | NOAA Fisheries and USFWS in depending on project-specific noise
threshold effects) and maintenance) from: habitats used by species. Limit pile intensity and receptor exposure.
driving to in-water work windows. Likelihood of egg and alevin exposure
* Ruptu.re. of egg membrane. ) . Use double-confined bubble curtainto | is limited, as the majority of steelhead
Fatalinjury or permanent auditory tissue | reduce sound pressure, or work within | spawning habitat is located in areas
damage limiting to survival. confined or dewatered work areas. unsuitable for marina or terminal
e Increased predation risk and decreased Encourage use of vibratory hammers development. Should exposure occur,
foraging success due to auditory masking and wooden plllngs where practicable. hOWeVer, direct mortality or injury is
and/or temporary hearing threshold probable.
effects that increase risk of predation
and/or decrease foraging efficiency due
to decreased ability to sense predators
and prey.
e Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles, Adults and juveniles: Auditory masking or Avoid/minimize propeller cavitation to | May affect survival, growth, and
operation levels and maintenance activities masking) to short- decadal (during Adults temporary hearing threshold effects may limit noise intensity. Promote use of fitness due to avoidance behavior,

term (hearing
threshold effects)

project construction
and maintenance)

increase risk of predation and/or decrease
foraging efficiency due to decreased ability to
sense predators and/or prey.

vessels equipped with antinoise/
antivibration technology where
practicable.

decreased foraging success, and
increased predation risk.

Channel/work area Fish removal, relocation, and During project construction Short-term Interannual to Eggs and alevins; Eggs and alevins: Mortality, injury, or stress Use protocols established by NOAA Likelihood of egg and alevin exposure
dewatering exclusion and maintenance activities decadal (depending Juveniles; from capture, handling, and relocation. Egg Fisheries and WDFW/WSDOT to is limited, as the majority of steelhead
on activity Adults relocation is impractical, likely leading to avoid and minimize impacts. spawning habitat is located in areas
frequency) mortality. unsuitable for marina or terminal
Adults and juveniles: Mortality, injury, or ﬂevelopmgnt. Shouldlgxposqrg oceur,
stress from capture, handling, and relocation. owever, direct mortality or injury is
) . probable. May cause direct injury or
Juveniles: Increased competition once mortality of juveniles and adults.
relocated, reduced growth and fitness, Stress may affect survival, growth, and
increased predation exposure. fitness and adult spawning
Adults: Delayed migration, resulting in productivity.
decreased fitness and spawning success.
Entrainment in pumps or During project construction Short-term Interannual to Eggs and alevins; Eqgs, alevins, and juveniles: Injury or Install and maintain pump screens Likelihood of egg and alevin exposure

impingement on pump screens

and maintenance activities

decadal (depending
on activity
frequency)

Juveniles

mortality from entrainment or impingement.

consistent with WDFW protocols.
Adhere to system-specific in-water
work windows, avoid use when
juveniles are present.

is limited as the majority of steelhead
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. May cause direct mortality
or injury at juvenile life-history stage.
Stress may affect survival, growth, and
fitness and adult spawning
productivity.
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Table A-6 (continued).

HPA HCP Marinas Exposure and Response Matrix for Steelhead.?

Sub-
Activity
Type

Exposure

Resulting Effects of the

Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered flow conditions (riverine) During project construction Short-term Interannual to Eggs and alevins; Eggs and alevins: Potential redd scour and/or | Limit alteration of flow conditions to Likelihood of egg and alevin exposure
and maintenance activities decadal (depending Juveniles; sedimentation, resulting in decreased minimal area. is limited as the majority of steelhead
on activity Adults incubation success. spawning habitat is located in areas
frequency) Juveniles: Altered habitat suitability, gnsu:table for rgra]\rmlzor terminal
increased stress, increased competition, heve opmgnt. Ocl; exposlu_relpkcclur,
decreased growth and fitness. OWeVET, decreased survival IS lIkely.
o May affect survival during egg and
Adults: Delayed migration, increased stress, alevin life-history stages, may affect
decreased spawning fitness. adult spawning productivity.
Altered current and circulation During project construction Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, Limit alteration of current and May affect juvenile growth and fitness;
conditions (marine and lacustrine) and maintenance activities decadal (depending Adults increased stress, increased competition, circulation patterns to greatest extent may affect adult spawning
on activity decreased growth and fitness. practicable to minimal area. productivity.
frequency) Adults: Delayed migration, increased stress,
decreased spawning fitness.
Stream bed disturbance, increased During project construction Temporary Interannual to Eggs and alevins; Eqggs and alevins: Potential decreased egg Adhere to system-specific in-water May affect growth and fitness at egg
turbidity (associated with site and maintenance activities decadal (depending Juveniles; incubation success and alevin survival due to work windows. Avoid work during and alevin life-history stages; may
rewatering). on activity Adults turbidity exposure and substrate disturbance. egg incubation periods. affect adult fitness and spawning
frequency) Juveniles: Stress and behavioral plr oductivity. lee:!hqod dOf egrgl; and
modifications by rearing juveniles exposed to a e\_/ln'exp?SltJrel;? |5n|te ,ast ?] bitat
sediment pulses, migration delay, reduced {“?JOfliydO_ steelnea sp?vg?n}g abita
foraging opportunities, and increased IS located In areas unsuitable for
2 marina or terminal development.
predation risk.
) o Should exposure occur, however,
Adults: Stress and behavioral modifications direct mortality or injury is probable.
by adults exposed to sediment pulses,
potential migration delay leading to reduced
spawning productivity, reduced foraging
opportunities, and increased predation risk.
Localized alteration in invertebrate | During project construction Short-term Interannual to Juveniles Juveniles: Short-term reduction in foraging Limit area of dewatering to the greatest | May affect growth and productivity at
abundance and maintenance activities decadal (depending opportunity, increased competition, decreased | extent practicable. juvenile life-history stage.
on activity growth and fitness.
frequency)
Increased suspended solids During project construction Short-term Interannual to Eggs and alevins; All life-history stages: See responses to Limit area of dewatering to the greatest | See effects for related stressors under
and maintenance activities decadal (depending Juveniles; related stressors under Water Quality extent practicable. Follow established | Water Quality Modification.
on activity Adults Modification. protocols for dewatering and
frequency) rewatering. Adhere to system-specific
in-water work windows.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual-decadal Eggs and alevins; All life-history stages: See responses Avoid fill or, if unavoidable, restore Likelihood of egg and alevin exposure

dredging

substrate characteristics

and maintenance activities

Juveniles;
Adults

described under Hydraulic and Geomorphic
Modification.

currently filled or degraded shallow
shoreline habitats.

is limited as the majority of steelhead
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. See effects for related
stressors under Hydraulic and
Geomorphic Modification.

Aquatic vegetation removal and
delayed recovery

During project construction
and maintenance activities

Intermediate-term

Interannual-decadal

Juveniles;
Adults

Juveniles and adults: See responses described
under Aquatic Vegetation Modification.

Limit dredging-related disturbance of
submerged aquatic vegetation to the
greatest extent practicable through
project siting.

See effects for related stressors under
Aquatic Vegetation Modification.
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Table A-6 (continued).

HPA HCP Marinas Exposure and Response Matrix for Steelhead.?

Sub-
Activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Entrainment of benthic organisms,
increased suspended solids,
resuspension of contaminated
sediments

During project construction
and maintenance activities

Temporary to short-
term

Frequency Life-history Form
Interannual-decadal Eggs and alevins;
Juveniles;
Adults

Eggs and alevins: Mortality or injury from
entrainment.

Juveniles: Altered migratory behavior.
Decreased foraging opportunity due to short-
term reduction in prey abundance. Decreased
growth and fitness.

All life-history stages: See responses
described for related stressors under Water
Quality Modification.

Limit dredging-related turbidity to the
greatest extent practicable. Adhere to
system-specific in-water work
windows.

Likelihood of egg and alevin exposure
is limited as the majority of steelhead
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
however, direct mortality or injury is
probable. May affect survival during
egg and alevin life-history stages.

May affect juvenile growth and fitness.
See effects for related stressors on all
life-history stages under Water Quality
Modification.

Facility Operation and
Vessel Activities

Benthic disturbance Increased turbidity, disturbed Year-round (with intensity Permanent Common Eggs and alevins; All life-history stages: Response to increased | Site facilities in deeper water to avoid Likelihood of egg and alevin exposure
from grounding, benthic area dependent on facility activity Juveniles; turbidity exposure as described for related suspension of sediments from prop is limited as the majority of steelhead
anchoring, and/or prop peaks) Adults stressors under Water Quality Modification. wash and grounding. Prevent or spawning habitat is located in areas
wash Response to benthic disturbance as described discourage anchoring and provide unsuitable for marina or terminal
for Hydraulic and Geomorphic Modification. alternatives such as mooring buoys development. See effects for related
designed in accordance with USACE stressors under Water Quality
guidance. Modification and Hydraulic and
Geomorphic Modification.
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid | See effects for related stressors under
disturbance prevalent during spring and common Aguatic Vegetation Modification. suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods, with wash and grounding. Prevent or
intensity dependent on discourage anchoring, and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Freshwater aquatic vegetation Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Aquatic Vegetation Modification. suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods, with wash and grounding. Prevent or
intensity dependent on discourage anchoring, and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year round (with intensity Permanent Intermittent to Eggs and alevins; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under

operational discharges dissolved oxygen, and dependent on facility activity common Juveniles; altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) Adults suspended solid exposure as described for discharge of ballast water where
related stressors under Water related stressors under Water Quality practicable.
Quality Modification Modification.
Introduction of non-native species Year round (with intensity Permanent (once Common Eggs and alevins; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival, growth, and

dependent on facility activity invasive species are introductions with Juveniles; interactions and food web organization; to ballast water management fitness at all life-history stages.
peaks) established) interannual to Adults exposure to non-native pathogens. regulations. Provide for upland
decadal colonization discharge of ballast water where
events practicable.
Increased or altered Auditory masking and/or alteration | Year-round (with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration limits; May affect survival, fitness, and
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to avoid propeller cavitation. growth due to avoidance behavior,

peaks [stressor exposure
occurring in spring and
summer during nearshore
migration])

sense predators and/or prey, increasing risk of
predation and decreasing foraging efficiency.

decreased foraging success, and
increased predation risk.
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Table A-6 (continued).

HPA HCP Marinas Exposure and Response Matrix for Steelhead.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles Juveniles: Pause or change of migration Design facilities so majority of May affect growth and survival, may
modification and moored vessel hulls, creating sunset (stressor exposure direction; increased energy expense; reduced structural and moorage shading occurs | delay outmigration resulting in reduced
light contrasts requiring visual and occurs in spring and summer foraging success; increased predation offshore away from submerged aquatic | marine survival.
behavioral adaptation during nearshore migration) exposure. vegetation, migration corridors, and
foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions
and effects on submerged aquatic
vegetation.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles Juveniles: Attraction to lighted area, delaying | Reduce and shield facility and vessel May affect juvenile survival; may
vessel lighting, creating light sunrise (stressor exposure or altering migration. Increased predation lighting to limit nighttime illumination | delay outmigration, resulting in
contrasts requiring visual and occurs in spring and summer exposure. of the underwater environment. reduced marine survival.
behavioral adaptation during nearshore migration)
Shading from structures and Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Limit project structural May affect juvenile growth and fitness.
vessels, resulting in loss of aquatic in spring and summer when due to decreased food web productivity, footprint to minimize shading of
vegetation vegetation growth is most decreased growth, and fitness. See Aquatic aquatic vegetation to the greatest
extensive) Vegetation Modification for additional detail extent practicable. Design overwater
and related stressors. structures and mooring buoys in
accordance with USACE guidance to
limit shading and anchor scour effects.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, as well as
reduced ambient solar light penetration
due to propeller-induced fine bubbles.
Marine systems: Decreased light Year-round, sunrise to sunset, | Permanent Continuous to Juveniles Juveniles: See impact mechanisms, stressors, | Enforce speed and acceleration limits; May affect juvenile growth and fitness.
penetration due to increased surface | with intensity dependent on intermittent and stressor responses under Aquatic avoid propeller cavitation.
reflectance from fine bubble facility activity peaks (stressor Vegetation Modification.
profusion produced by propeller exposure occurs in spring and
action. summer during nearshore
migration)
Water Quality
Modification

Increased suspended solids

Dependent on contributing
mechanism of impact

Temporary to short-
term (dependent on
contributing
mechanism of
impact)

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and alevins;
Juveniles;
Adults

Eggs and alevins: Turbidity sufficient to
cause fine sediment embeddedness may lead
to direct mortality and decreased survival of
eggs and alevins through reduction in
substrate dissolved oxygen.

Juveniles and adults: Responses vary
depending on stressor magnitude.
Unavoidable extreme turbidity may cause
physical injury and/or physiological effects
(e.g., gill trauma, altered osmoregulation,
blood chemistry changes). Moderate to high
turbidity may cause behavioral alteration (e.g.,
avoidance responses) leading to increased
territoriality, reduced foraging opportunity,
increased predation exposure, and altered
migration behavior.

Adults: Reduction in suitable spawning
habitat (due to substrate embeddedness) and
reduced spawning success.

Ensure project design avoids and/or
minimizes habitat alterations leading to
chronic bank instability. Avoid short-
term turbidity effects above
background levels to greatest extent
practicable. Adhere to established
protocols for managing sediment and
turbidity.

May affect survival of incubating eggs
and alevins. May affect juvenile
growth and fitness as well as adult
productivity and spawning success.
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Table A-6 (continued).

HPA HCP Marinas Exposure and Response Matrix for Steelhead.?

Sub-
Activity

Type Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Resuspension of contaminated
sediments, resulting in exposure to
toxic substances

Introduction of toxic substances

Dependent on contributing
mechanism of impact

Temporary to short-
term (e.g.,
operational spills) to
long-term (e.g.,
reexposure of buried
contaminants)
dependent on
contributing
mechanism of impact

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and alevins;
Juveniles;
Adults

Eqggs and alevins: Decreased survival,
increased incidence of developmental
abnormalities leading to decreased survival
and fitness.

Juveniles and adults: Avoidance, mortality,
increased stress, reduced growth and fitness,
tissue bioaccumulation, increased disease
incidence, and reduced additional stressor
toleration, habitat avoidance, altered or
delayed migration behavior.

Identify and demarcate all areas with
contaminated sediments, manage and
avoid causes of sediment disturbance
(e.g., define and maintain vessel speed
limits in areas where contaminated
sediments could be disturbed). Ensure
procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of
nontoxic, biodegradable lubricants in
construction vessels.

Likelihood of egg and alevin exposure
is limited as the majority of steelhead
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect growth and
fitness at juvenile life-history stages.
Reduced growth and fitness may affect
adult spawning productivity.

Altered dissolved oxygen levels

Dependent on contributing

Temporary to short-

Intermittent to

Eggs and alevins;

All life-history stages: Mortality in acute low

Avoid sediment pulses; limit nutrient

Likelihood of egg and alevin exposure

mechanism of impact term (e.g., permanent Juveniles; dissolved oxygen events due to asphyxiation. inputs associated with discharges of is limited as the majority of steelhead
contaminant spill or (dependent on Adults wastewater and gray water; other spawning habitat is located in areas
discharge) to contributing mechanism-specific measures as unsuitable for marina or terminal
seasonal (e.g., mechanism of appropriate. development. Should exposure occur,
reduced submerged impact) stressor may affect survival. May
aquatic vegetation affect juvenile survival, growth, and
productivity due to fitness as well as adult survival,
changes in ambient productivity, and spawning success.
light patterns)
dependent on
contributing
mechanism of impact

Altered pH levels Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles and adults: Physiological responses | Limit nutrient inputs with wastewater May affect survival and fitness of
mechanism of impact term (depending on interannual—decadal Adults to pH levels outside of optimal thresholds, and gray water holding and no direct juveniles and adults.

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.

waste discharge. Avoid in-water
curing of concrete or discharge of
concrete leachate to surface waters.

Use of creosote-treated
wood

Leaching of polycyclic aromatic
hydrocarbons (PAHSs)

Leaching begins upon
installation, with highest
levels after initial immersion,
followed by peaks during
periods of increased

temperatures and higher flows.

Leaching more pronounced
when used in fresh water.
Spikes in concentration will
occur during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.

Long-term (with
decreasing
concentration
intensity over time)

Continuous with
seasonal pulses
(associated with high
water temperature
and current velocity)

Eggs and alevins;
Juveniles;
Adults

All life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Use of ACZA- and CCA
type C-treated wood

Leaching of metals (Cu, As, Cr, Zn)

Leaching begins upon
installation, with highest
levels occurring within 7
months of initial immersion.
Spikes in concentration occur
during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.

Intermediate-term

Continuous with
seasonal pulses
(dependent on current
velocity)

Eggs and alevins;
Juveniles;
Adults

All life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Promote removal of creosote-treated
wood and prevent new uses in
accordance with pertinent regulations.
Avoid use of other treated wood
products where practicable. Use
alternative materials such as concrete,
galvanized steel, plastic lumber,
recycled plastics, and plastic coatings
where practicable. Where treated
wood is necessary, use dense-grained
material to limit leaching. Use plastic
or metal cuffs at abrasion points to
avoid fragmentation and release of
treated wood particulates.

Removal: Completely remove treated
wood where practicable, consistent
with WDNR Standard Practice
Memorandum. When piles are left in
place, cut off at least 2 ft below surface
and cap with clean sediment. Contain
and capture sawdust for disposal at
approved facility.

Likelihood of egg and alevin exposure
is limited as the majority of steelhead
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect survival,
growth, and fitness of juveniles and
adults.
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Table A-6 (continued).

HPA HCP Marinas Exposure and Response Matrix for Steelhead.?

and nonpoint source
pollution

contaminants, nutrients, altered
dissolved oxygen, and increased
suspended solids

and spring and summer high
boat-use periods

Juveniles;
Adults

altered pH, altered dissolved oxygen levels,
contaminant exposure, and increased
suspended solids.

low-impact development and
stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

Sub- Exposure ]
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Increased stormwater Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Eggs and alevins; All life-history stages: Combined responses to | Require facilities to employ modern Likelihood of egg and alevin exposure

is limited as the majority of steelhead
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival, growth,
and fitness. May affect juvenile
survival, growth, and fitness. May
affect adult spawning productivity.

Riparian Vegetation
Modification

Riverine

Altered riparian shading

Altered ambient air
temperature regime

Expansion of thermal regime (i.e.,
increased summer temperatures,
decreased winter temperatures)

Year-round (pronounced in
winter/summer during solar
radiation and ambient
temperature extremes)

Long-term to
permanent

(dependent on nature
of riparian impacts)

Seasonal

Eggs and alevins;
Juveniles;
Adults

Eqgs and alevins: Direct mortality due to
winter ice formation and scour.

Juveniles: Altered growth and productivity
caused by temperatures outside optimal
growth range, and alteration of food web
patterns.

Adults and juveniles: Direct mortality caused
by exposure to temperatures in excess of
tolerance thresholds.

Adults: Decreased spawning fitness due to
migration delays caused by thermal barriers.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Likelihood of egg and alevin exposure
is limited as the majority of steelhead
spawning habitat is located in areas
unsuitable for marina or terminal
development. Should exposure occur,
stressor may affect survival. May
affect survival, growth, and fitness
during juvenile rearing. May affect
adult survival and spawning
productivity.

Altered stream bank and

Increased suspended solids;

Year-round (with specific

Intermediate-term to

Continuous to

Eggs and alevins;

Eqggs/alevins: Decreased incubation success

Avoid/minimize disturbance of

Likelihood of egg and alevin exposure

shoreline stability decreased redd dissolved oxygen, stressors prominent during long-term (dependent | seasonal (dependent Juveniles; due to decreased redd dissolved oxygen, as riparian vegetation. Maintain system- | is limited as the majority of steelhead
decreased area of suitable spawning | high-flow conditions) on time required for on specific stressor) Adults described for related stressor responses under | appropriate riparian buffer widths to spawning habitat is located in areas
habitat, reduced habitat complexity riparian recovery) Water Quality Modification. the greatest extent possible. unsuitable for marina or terminal
(e.g., filling of pools) Juveniles: Decreased refuge habitat development. Should exposure occur,
availability and foraging opportunities, stressor may affect survival. May
leading to increased competition and resulting affgct S.”r""’?" 9f°"."“1 and fitness
effects on growth and fitness. Potential during juv_enlle rearing. May affect
habitat avoidance and/or injury and mortality adult survival and spawning
caused by excessive turbidity, as described for productivity.
related stressor responses under Water Quality
Modification.
Adults: Decreased spawning success due to
decreased availability of suitable spawning
habitat. Potential migration delay, habitat
avoidance, and/or injury and mortality caused
by excessive turbidity, as described for related
stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Avoid/minimize disturbance of May affect juvenile rearing.

inputs

derived prey resources; reduced
aquatic food web productivity due
to reduction in organic matter
inputs

due to decreased food web productivity;
decreased growth and fitness.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.
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Table A-6 (continued).

HPA HCP Marinas Exposure and Response Matrix for Steelhead.?

inputs

derived prey resources; reduced
aquatic food web productivity due
to reduced organic matter inputs

occurs during nearshore

rearing period in spring and

summer)

autochthonous inputs from marine riparian
vegetation is a data gap. However, steelhead
are known to use terrestrial insect resources
recruited from the riparian zone in freshwater
environments, so exploitation of these
resources in marine environments is possible.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered habitat Reduced recruitment of large Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile growth and
complexity woody debris, affecting habitat permanent Adults availability and foraging opportunities, permanent alteration of high-quality survival; spawning success; and
structure, hydraulic and substrate (dependent on nature leading to increased competition and resulting | habitat features. overall population productivity
complexity, and availability of of activity) effects on growth and fitness.
organic subs_trz_ite. Reduced fooq Adults: Increased mortality; decreased fitness
web prod_uctlwty, rgduged fofag'”g and spawning success due to decreased
opportunity, Te"“ﬁ’“on mn available availability of suitable migratory and
cover, reduction in available s ina habitat
. : pawning habitat.
spawning habitat (freshwater)
Altered groundwater— Reduced available suitable Year-round Permanent Continuous Eggs and alevins; Eggs and alevins: Decreased incubation Avoid permitting of projects in areas May affect survival of eggs and
surface water exchange spawning habitat; reduced gravel Juveniles; success. with springs, seeps, or other sources of | alevins. May affect juvenile survival
dissolved oxygen Adults Juveniles: Decreased availability of thermal sign!ficant g_roundw_ater_ recharge. ) and grgwth. May.af'fect adult
7refuge habitat, resulting in increased thermal Limit alteration of riparian vegetation spawning productivity.
stress, increased competition for suitable to greatest extent practicable.
habitats.
Adults: Decrease in suitable spawning
habitat, increased competition, decreased
spawning fitness and success.
Marine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of The potential effects of this
increased summer temperatures). summer during solar radiation | permanent temperature have a minor effect on nearshore riparian vegetation. Maintain system- | mechanism on juvenile steelhead are
and ambient temperature (dependent on nature water temperatures relative to the dominant appropriate riparian buffer widths to generally unknown. However, may
extremes) of riparian impacts). influence of marine tidal and current patterns, | the greatest extent possible. affect juvenile survival and growth.
wind conditions, and other factors. The extent
of nearshore habitat use by juvenile steelhead
Altered ambient air is currently a data gap. However, juveniles
temperature regime trapped by tidal exchange in specific habitats,
such as pocket estuaries, may experience
increased temperatures where shade and buffer
influence has been altered, potentially leading
to mortality or increased thermal stress and
decreased fitness.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-termto | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of The potential effects of this
bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent availability and foraging opportunities, riparian vegetation. Maintain system- | mechanism on juvenile steelhead are
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to generally unknown. However, may
substrate composition, smothering riparian recovery) effects on growth and fitness. This effect may | the greatest extent possible. affect juvenile survival and fitness.
of aquatic vegetation) be limited in magnitude, however, as juvenile
steelhead use of littoral habitats is relatively
limited. Potential habitat avoidance and/or
injury and mortality caused by excessive
turbidity, as described for related stressor
responses under Water Quality Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Steelhead dependence on Avoid/minimize disturbance of The potential effects of this

mechanism on juvenile steelhead are
generally unknown. However, may
affect juvenile survival, growth, and
fitness.
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Table A-6 (continued).

HPA HCP Marinas Exposure and Response Matrix for Steelhead.?

surface water exchange

productivity; secondary effects on
habitat complexity (e.g., through
alteration of aquatic vegetation)

occurs during nearshore
rearing period in spring and
summer)

groundwater inflow to littoral lacustrine
habitats is currently a data gap. However, loss
of groundwater may lead to reduction in
shallow water thermal refuge, increased
competition, and decreased foraging
opportunity.

shoreline.

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Juveniles Juveniles: Steelhead dependence on nearshore | Encourage project designs that limit The potential effects of this
complexity woody debris, affecting habitat occurs during nearshore permanent habitat complexity is currently a data gap. permanent alteration of high-quality mechanism on juvenile steelhead are
structure, hydraulic and substrate rearing period in spring and (dependent on nature Altered habitat complexity may lead to habitat features. generally unknown. However, may
complexity, and availability of summer) of activity) decreased refuge habitat availability and affect juvenile survival, growth, and
organic substrate. Reduced food foraging opportunities, leading to increased fitness.
web productivity, reduced foraging competition and resulting effects on growth
opportunity, reduction in available and fitness.
cover
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Steelhead dependence on Avoid disturbance of vegetation along | Effects of the action resulting from this
surface water exchange productivity; secondary effects on occurs during nearshore groundwater inflow to nearshore marine shoreline. impact mechanism are unknown.
habitat complexity (e.g., through rearing period in spring and habitats is currently a data gap.
alteration of aquatic vegetation) summer)
Lacustrine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival, growth,
increased summer temperatures, winter/summer during solar permanent temperature have a minor effect on nearshore riparian vegetation. Maintain system- | and fitness.
decreased winter temperatures) radiation and ambient (dependent on nature water temperatures relative to the dominant appropriate riparian buffer widths to
temperature extremes) of riparian impacts) influence of lake stratification, reservoir the greatest extent possible.
current patterns, wind conditions, and other
factors. However, shallow littoral habitats
may experience increased temperatures due to
Altered ambient air lack of shade, leading to decreased availability
temperature regime of refuge and forage habitat, increased
competition, and increased predation
exposure.
Altered shoreline Increased suspended solids; Year-round (with primary Intermediate-termto | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival and
stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent availability and foraging opportunities, riparian vegetation. Maintain system- | fitness.
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to
substrate composition, smothering riparian recovery) effects on growth and fitness. Potential the greatest extent possible.
of aquatic vegetation) habitat avoidance and/or injury and mortality
caused by excessive turbidity, as described for
related stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Steelhead dependence on Avoid/minimize disturbance of May affect juvenile growth, fitness,
inputs derived prey resources; reduced occurs during nearshore autochthonous inputs from lacustrine riparian riparian vegetation. Maintain system- | and productivity.
aquatic food web productivity due rearing period in spring and vegetation is a data gap. However, steelhead appropriate riparian buffer widths to
to reduction of organic matter summer) are known to use terrestrial insect resources the greatest extent possible.
inputs recruited from the riparian zone. Alteration of
vegetation will result in decreased foraging
opportunities, decreased growth and fitness,
and decreased productivity.
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival and
complexity woody debris, affecting habitat occurs during nearshore permanent availability and foraging opportunities, permanent alteration of high-quality fitness, spawning success, and overall
structure, hydraulic and substrate rearing period in spring and (dependent on nature leading to increased competition and resulting | habitat features. population productivity.
complexity, and availability of summer) of activity) effects on growth and fitness.
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Steelhead dependence on Avoid disturbance of vegetation along | May affect juvenile survival and

fitness.
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Table A-6 (continued).

HPA HCP Marinas Exposure and Response Matrix for Steelhead.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile growth and fitness.
production in spring and summer when due to decreased food web productivity, offshore to limit grounding and prop
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles Juveniles: See related stressor responses aquatic vegetation to th‘_e greatest See effects for related stressors under
due to reduced photosynthesis in spring and summer when under Water Quality Modification. extent practicable. De5|gn overwater Water Quality Modification.
vegetation growth is most structures and' mooring buoy_s in
extensive) a_ccprdanc_e with USACE guidance to
limit shading and anchor scour effects.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Construction: Avoid/minimize May affect juvenile survival and
complexity reduced foraging opportunity, permanent Adults availability and foraging opportunities, Wancedf aquatic veaetation productivity. May affect adult growth
reduction in available cover (dependent on nature leading to increased competition and predation - : q cg and spawning productivity.
of activity) exposure, resulting in decreased survival, during project construction.
growth, and fitness. Operation: Enforce vessel operation
Adults: Decreased foraging opportunity due rules to limit submerged aquatic
to decreased food web productivity. ;?gg;?;ﬁg c;%z%i;gmgrgsp:vv;slhés
Decreased growth and reproductive fitness. reduced ambient light from fine bubble
profusion.
Riverine and
Lacustrine
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile productivity.
production in spring and summer when due to decreased food web productivity, offshore to limit grounding and prop
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles; Juveniles and adults: See related stressor aquatic vegetation to th? greatest See effects for related stressors under
due to reduced photosynthesis in spring and summer when Adults responses under Water Quality Modification. extent practicable. Design overwater Water Quality Modification.
vegetation growth is most structures and mooring buoys in
extensive) a_ccprdancg with USACE guidance to
limit shading and anchor scour effects.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Construction: Avoid/minimize May affect juvenile survival and
complexity reduced foraging opportunity, permanent availability and foraging opportunities, W&ncedf aquatic vegetation productivity.
reduction in available cover (dependent on nature leading to increased competition, and resulting quring proiect construction
of activity) effects on growth and fitness. gproj '
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring.
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Table A-6 (continued).

HPA HCP Marinas Exposure and Response Matrix for Steelhead.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Riverine
Altered channel Change in habitat structure and Year-round Permanent Continuous Eggs and alevins; Eggs and alevins: Changes in channel Carefully evaluate project siting and May affect survival, growth, and
geometry habitat suitability, reduced food Juveniles; morphology, flow velocity, and substrate design and consider the magnitude of fitness at egg, alevin, and juvenile life-
web complexity, reduced spawning Adults composition can alter substrate composition impact mechanisms produced by the history stages. May affect spawning
and rearing habitat availability and and stability, leading to decreased incubation project. Encourage selection of project | productivity.
suitability success and alevin survival. designs that minimize effects on
Juveniles: Altered channel geometry, flow channel geometry, .ﬂOW velocity,
velocity, and substrate composition can result | Substrate composition, and
in decreased rearing habitat suitability and groundwater exchange to the greatest
changes in food web complexity. This may extent practicable.
Altered flow velocity Year-round (with stressor Permanent Seasonal limit foraging opportunities and increase
exposure occurring during competition for suitable habitats, leading to
high-flow events, fall through decreased growth, fitness, and survival.
spring) Adults: Changes in channel morphology may
Altered substrate Year-round Permanent Continuous lead to alteration of the migratory corridor and
composition (including a reduction in suitable resting habitat, leading
placement of non- to increased stress and decreased spawning
erodable substrate) success. Changes in substrate composition
- - and stability resulting from altered channel
e | "
incubation and juvenile decrea_sed spawning success (e.q., th_rough
rearing) reductlpn in suitable spawning Io<_:at|ons _
g and/or increased scour and/or sedimentation of
redds) if potential spawning habitat is affected.
Addition of impervious Alteration in the magnitude, During storm events Permanent Common Eggs and alevins; All life-history stages: Because the amount of | Encourage facilities to employ modern | Impervious surface at anticipated scale
surface volume, and timing of peak flows (predominantly from fall Juveniles; impervious surface associated with marinas is | low-impact development and would not produce stressors of
through spring) Adults a relatively inconsequential component of the | stormwater treatment technology. sufficient magnitude to adversely
overall drainage area of the larger river affect steelhead at any life-history
systems that would support this type of stage.
development, the magnitude of the hydrologic
modification stressor is expected to be
negligible. As such, this stressor is not
expected to significantly affect the riverine
environment, and there will be no response to
the stressor.
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Table A-6 (continued).

HPA HCP Marinas Exposure and Response Matrix for Steelhead.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Juveniles; Juveniles: Wave energy, current velocity, Carefully evaluate project siting and May affect survival, growth, and
habitat suitability, reduced food exposure occuring in spring Adults sediment supply, substrate composition, and design and consider the magnitude of fitness at juvenile life-history stage.
web complexity, habitat availability | and summer when juveniles groundwater inputs are core ecosystem impact mechanisms produced by the May affect adult growth and
and suitability. occupy nearshore habitats for processes and characteristics that compose the | project. Encourage selection of project | productivity.
rearing) nearshore ecosystem. Alteration in one or designs that minimize effects on
- - ] more of these parameters can fundamentally sediment supply, longshore drift
Altered current Year-round (with variable Permanent Intermittent alter marine littoral habitats, potentially patterns, and wave energy and current
velocities szeeccig‘sicdgﬁfrr;iltng ?\grﬂrgs and decreasing the suitability of rearing habitat for | patterns. For example:
et ottt s e v tsang 0|+ pemesieretrs
; . pec ' 9 . maintain longshore drift patterns.
Altered nearshore Year-round (with seasonally Permanent Seasonal increased exertion and stress due to change in . .
circulation patterns variable effects depending on current and wave energy patterns, increased *  Suggest alternative designs for
site-specific geography and predation exposure due to reduction in projects that fragment sources of
bathymetry, and project available cover or exposure to deep water sediment recruitment and
configuration) habitat, food web alterations and decreased groundwater supply.
Altered sediment supply Year-round (beginning with Permanent Continuous foraging _oppfortunl_ty,bzlinﬂ IE_creasedh *  Require beach nourisment to
project installation and Compgtltlon or suitable habitats. The ) ma“'.]tam Substra!:e and beach
becoming more pronounced combined effect of these stressors can result in profile characteristics where
over time) decreased growth and productivity, decreased impacts are unavoidable.
fitness for marine migration, and direct
Altered substrate Year-round (beginning with Permanent Continuous mortality.
composition ErOJect_ installation and q Adults: Subadult and returning adult
O\e/gcr)rtri]rlrr:g [ne’lc;re (E)Jgr;gunce steelhegad fprage in nearshore environments.
accumulatioh '(')f shell-hash Alteration in nearshore ecosystem processes
sediment settling due to ' may decreasg foraging opportunity, affecting
growth and fitness.
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater— Year-round Permanent Continuous
surface water exchange
Addition of impervious Increased stormwater and nonpoint | During storm events Permanent Intermittent Juveniles See Increased Stormwater and nonpoint Require facilities to employ modern May affect survival, growth, and
surface source pollution (predominantly from fall Adults source pollution in Water Quality low-impact development and fitness at juvenile life-history stage.
through spring) Modification discussion. stormwater treatment technology. May affect adult survival and
Include operational requirements for spawning productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
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Table A-6 (continued).

HPA HCP Marinas Exposure and Response Matrix for Steelhead.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Lacustrine
Altered wave energy Change in habitat structure and Year-round (with predominant | Permanent Continuous Juveniles; Juveniles and adults: Wave energy, current Carefully evaluate project siting and May affect survival, growth, and
(short-period waves) habitat suitability, reduced food effects from fall through Adults velocity, sediment supply, substrate design and consider the magnitude of | fitness at juvenile life-history stage.
web complexity, habitat availability | spring when wind-driven composition, and groundwater inputs are core | impact mechanisms produced by the May affect adult fitness and spawning
and Su|tab|||ty waves are most pronounced) ecosystem processes and characteristics that prOJ_ect. EnCOL_Iri%gE_ selection of prOJeCt productivity_
- compose the nearshore ecosystem. Alteration | designs that minimize effects on
Altered current Year-round (with effects more | Permanent Common in one or more of these parameters can sediment supply, longshore drift
velocities predominant in reservoirs fundamentally alter lacustrine littoral habitats, | patterns, and wave energy and current
versus natural lakes) potentially decreasing the suitability of rearing | patterns. For example:
Altered nearshore Year-round (with variable Permanent Seasonal ggbiif’gtggmggn[ﬁ%ﬂ%?'grato?;hhrab't?‘t for | Permeable breakwaters that
circulation patterns effects by season [e.g., u 4 y occur through a PR ;
: ; number of specific stressors, includin maintain longshore drift patterns.
circulation patterns]) r 58 ' g
increased exertion and stress due to change in | o Suggest alternative designs for
Altered sediment supply Year-round Permanent Continuous cur(rjertl_t and wave enéerg){ pattdernsalncreased projects that fragment sources of
- predation exposure due to reduced cover or i i
Altered substrate Year-round Permanent Continuous exposure to deep water habitat, food web ;?2%‘83\};2‘;?&%?? and
composition alterations and decreased foraging . A
Altered groundwater— Year-round Permanent Continuous opportunity, and increased competition for . ReqUIﬂ_ﬂ beach nourisment to
surface water exchange suitable habitats. The combined effect of ma'ntam SUbStraFe '_'ind beach
these stressors can result in decreased growth profile characteristics where
and productivity, decreased fitness for marine impacts are unavoidable.
migration, and direct mortality. Adult
steelhead will generally be less sensitive to
these stressors. However, increased stress and
delayed migration may reduce fitness and
ultimately reduce spawning success.
Addition of impervious Increased stormwater and nonpoint | During storm events Permanent Intermittent Juveniles; See Increased Stormwater and nonpoint Require facilities to employ modern May affect survival, growth, and
surface source pollution (predominantly from fall Adults source pollution in Water Quality low-impact development and fitness at juvenile life-history stage.
through spring) Modification discussion. stormwater treatment technology. May affect adult survival and
Include operational requirements for spawning productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

% For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a

high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-7. HPA HCP Marinas Exposure and Response Matrix for Coastal Cutthroat Trout.?

Sub-
activity
Type

Mechanism of Impact

Construction and

Maintenance Activities

Exposure

Stressor

Marinas and Shipping/Ferry Terminals

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Pile driving Increased underwater noise levels During project construction Temporary (auditory | Interannual to Juveniles; Adults and juveniles: Stressor response Avoid pile-driving noise in excess of Activity may cause direct mortality or
and maintenance activities masking) to short- decadal (during Adults dependent on noise magnitude and project- impact thresholds established by injury and/or affect survival, growth,
term (hearing project construction specific environmental conditions; may range | NOAA Fisheries and USFWS in and fitness of exposed life-history
threshold effects) and maintenance) from: habitats used by species. Limit pile stages, depending on project-specific
o Fatal injury or permanent auditory tissue | driving to in-water work windows. noise intensity and receptor exposure.
damage limiting to survival. Use double-confined bubble curtain to
reduce sound pressure, or work within
e Increased predation risk and decreased confined or dewatered work-areas.
foraging success due to auditory masking | Encourage use of vibratory hammers
and/or temporary hearing threshold and wooden pilings where practicable.
effects that increase risk of predation
and/or decrease foraging efficiency due
to decreased ability to sense predators
and prey.
e Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles; Adults and juveniles: Auditory masking or Avoid/minimize propeller cavitation to | May affect juvenile survival, growth,
operation levels and maintenance activities masking) to short- decadal (during Adults temporary hearing threshold effects may limit noise intensity. Promote use of and fitness due to avoidance behavior,
term (hearing project construction increase risk of predation and/or decrease vessels equipped with antinoise/ decreased foraging success, and
threshold effects) and maintenance) foraging efficiency due to decreased ability to | antivibration technology where increased predation risk. May affect
sense predators and/or prey. practicable. adult fitness due to decreased foraging
success.
Channel/work area Fish removal, relocation, and During project construction Short-term Interannual to Juveniles; Adults and juveniles: Mortality, injury, or Use protocols established by NOAA May cause direct mortality or injury to
dewatering exclusion and maintenance activities decadal (depending Adults stress from capture, handling, and relocation. Fisheries and WDFW/WSDOT to affected life-history stages. May affect
R -ctivity Juveniles: Increased competition once avoid and minimize impacts. _survn{?l, grg W;hl alr.]? flht_ness at
frequency) relocated; reduced growth and fitness; Juvenile and adult lite-history stages.
increased predation exposure.
Adults: Delayed migration resulting in
decreased fitness and spawning success.
Entrainment in pumps or During project construction Short-term Interannual to Juveniles Juveniles: Injury or mortality from Install and maintain pump screens May affect survival, growth, and
impingement on pump screens and maintenance activities decadal (depending entrainment or impingement. consistent with WDFW protocols. fitness at juvenile life-history stage.
on activity Adhere to system-specific in-water
frequency) work windows. Avoid use when
juveniles are present.
Altered flow conditions (riverine) During project construction Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, Limit alteration of flow conditions to May affect juvenile growth and fitness;
and maintenance activities decadal (depending Adults increased stress, increased competition, minimal area. may aff_ec_t adult spawning
on activity decreased growth and fitness. productivity.
frequency) Adults: Delayed migration, increased stress,
decreased spawning fitness.
Altered current and circulation During project construction Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, Limit alteration of current and May affect juvenile growth and fitness,
conditions (marine and lacustrine) | and maintenance activities decadal (depending Adults increased stress, increased competition, circulation patterns to greatest extent potentially limiting survival during
on activity decreased growth and fitness. practicable to minimal area. ocean migration; may affect adult
frequency) spawning productivity.

Adults: Delayed migration, increased stress,
decreased spawning fitness.
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Table A-7 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coastal Cutthroat Trout.?

disturbance

prevalent during spring and
summer growth periods, with
intensity dependent on
activity)

common

Aquatic Vegetation Modification.

suspension of sediments from prop
wash and grounding. Prevent or
discourage anchoring and provide
alternatives such as mooring buoys
designed in accordance with USACE
guidance.

Sub- Exposure )
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Stream bed disturbance, increased During project construction Temporary Interannual to Juveniles; Juveniles: Stress and behavioral Adhere to system-specific in-water May affect juvenile growth and fitness;
turbidity (associated with site and maintenance activities decadal (depending Adults modifications by rearing juveniles exposed to | work windows. may affect adult spawning
rewatering) on activity sediment pulses, migration delay, reduced productivity.
frequency) foraging opportunities, and increased
predation risk.
Adults: Stress and behavioral modifications
by adult spawners exposed to sediment pulses,
migration delay, reduced foraging
opportunities, and increased predation risk.
Localized alteration in invertebrate | During project construction Short-term Interannual to Juveniles Juveniles: Short-term reduction in foraging Limit area of dewatering to the greatest | May affect growth and fitness at
abundance and maintenance activities decadal (depending opportunity, increased competition, decreased | extent practicable. juvenile life-history stage.
on activity growth and fitness.
frequency)
Increased suspended solids During project construction Short-term Interannual to Juveniles; Adults and juveniles: See responses to related | Limit area of dewatering to the greatest | See effects fOF rdat?d stressors under
and maintenance activities decadal (depending Adults stressors under Water Quality Modification. extent practicable. Follow established | Water Quality Modification.
on activity protocols for dewatering and
frequency) rewatering. Adhere to system-specific
in-water work windows.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual-decadal Juveniles; Adults and juveniles: See responses described | Avoid fill or, if unavoidable, restore See effegts for related stressors under
dredging substrate characteristics and maintenance activities Adults under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic
Modifications. shoreline habitats. Modification.
Agquatic vegetation removal and During project construction Intermediate-term Interannual—-decadal Juveniles; Adults and juveniles: See responses described | Limit dredging-related disturbance of See effects for rglated stressors under
delayed recovery and maintenance activities Adults under Aquatic Vegetation Modification. submerged aquatic vegetation to the Aguatic Vegetation Modification.
greatest extent practicable through
project siting.
Entrainment of benthic organisms, During project construction Temporary to short- Interannual—decadal Juveniles; Juveniles: Altered migratory behavior. Limit dredging-related turbidity to the | May affect juvenile growth and fitness.
increased suspended solids, and maintenance activities term Adults Decreased foraging opportunity due to short- | greatest extent practicable. Adhereto | See effects for related stressors under
resuspension of contaminated term reduction in prey availability. Decreased | system-specific in-water work Water Quality Modification.
sediments growth and fitness. windows.
Adults and juveniles: See responses described
for related stressors under Water Quality
Modification.
Facility Operation/
Vessel Activities
Benthic disturbance Increased turbidity, disturbed Year-round, with intensity Permanent Common Juveniles; Adults and juveniles: Response to increased Site facilities in deeper water to avoid See effects fOF relau_eo_l stressors under
from grounding, benthic area dependent on facility activity Adults turbidity exposure as described for related suspension of sediments from prop Water Q.uallty Modlflcatlgn and
anchoring, and/or prop peaks stressors under Water Quality Modification. wash and grounding. Prevent or Hydraulic and Geomorphic
wash Response to benthic disturbance as described discourage anchoring and provide Modification.
for Hydraulic and Geomorphic Modification. alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under

Aquatic Vegetation Modification.
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Table A-7 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coastal Cutthroat Trout.?

penetration due to increased surface
reflectance from fine bubble
profusion produced by prop wash

with intensity dependent on
facility activity peaks (stressor
exposure occurring in spring
and summer during nearshore
migration)

intermittent

and stressor responses under Aquatic
Vegetation Modification.

avoid cavitation.

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism

Freshwater aquatic vegetation Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under

disturbance prevalent during spring and common Aquatic Vegetation Modification. suspension of sediments from prop Agquatic Vegetation Modification.
summer growth periods, with wash and grounding. Prevent or
intensity dependent on discourage anchoring and provide
activity) alternatives such as mooring buoys

designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year-round (with intensity Permanent Intermittent to Juveniles; Adults and juveniles: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under
operational discharges dissolved oxygen, and dependent on facility activity common Adults altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) suspended solid exposure, as described for discharge of ballast water where

related stressors under Water related stressors under Water Quality practicable.

Quality Modification Modification.

Introduction of non-native species Year-round (with intensity Permanent (once Common Juveniles; Adults and juveniles: Altered predator/prey Require permitted facilities to adhere May affect survival, growth, and
dependent on facility activity | invasive species are introductions with Adults interactions and food web organization; to ballast water management fitness at juvenile and adult life-history
peaks) established) interannual to exposure to non-native pathogens. regulations. Provide for upland stages.

decadal colonization discharge of ballast water where
events practicable.
Increased or altered Auditory masking and/or alteration | Year-round, with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration limits. May affect survival, growth, and
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to Avoid propeller cavitation. fitness due to avoidance behavior,
peaks (stressor exposure sense predators and/or prey, increasing risk of decreased foraging success, and
occurring in spring and predation and decreasing foraging efficiency. increased predation risk.
summer during nearshore
migration)
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles Juveniles: Pause or change of migration Design facilities so majority of May affect growth and survival; may
modification and moored vessel hulls, creating sunset (stressor exposure direction, increased energy expense, reduced structural and moorage shading occurs | delay outmigration resulting in reduced
light contrasts requiring visual and occurs in spring and summer foraging success, and increased predation offshore away from submerged aquatic | marine survival.

behavioral adaptation during nearshore migration) exposure. vegetation, migration corridors, and

foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions
and effects on submerged aquatic
vegetation.

Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles Juveniles: Attraction to lighted area, delaying | Reduce and shield facility and vessel May affect juvenile survival; may

vessel lighting, creating light sunrise (stressor exposure or altering migration. Increased predation lighting to limit nighttime illumination | delay outmigration resulting in reduced

contrasts requiring visual and occurs in spring and summer exposure. of the underwater environment. marine survival

behavioral adaptation during nearshore migration)

Shading from structures and Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Limit project structural May affect juvenile growth and fitness.

vessels, resulting in loss of aquatic in spring and summer when due to decreased food web productivity; footprint to minimize shading of

vegetation vegetation growth is most decreased growth and fitness. See Aquatic aquatic vegetation to the greatest
extensive) Vegetation Modification for additional detail extent practicable. Design overwater

and related stressors. structures and mooring buoys in
accordance with USACE guidance to
limit shading and anchor scour effects.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, and reduced
ambient light from fine bubble
profusion.

Marine systems: Decreased light Year-round, sunrise to sunset, | Permanent Continuous to Juveniles Juveniles: See impact mechanisms, stressors, | Enforce speed and acceleration limits, | See effects for related stressors under

Ambient Light Modification.
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Table A-7 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coastal Cutthroat Trout.?

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Sub-

activity )

Type Mechanism of Impact
Water Quality
Modification

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.

waste discharge. Avoid in-water
curing of concrete or discharge of
concrete leachate to surface waters.

Increased suspended solids Dependent on contributing Temporary to short- Intermittent to Juveniles; Adults and juveniles: Responses vary Ensure project design avoids and/or May affect juvenile and adult survival,
mechanism of impact term (dependent on Interannual-decadal | Aquits depending on stressor magnitude. minimizes habitat alterations leading to | growth, and fitness. Reduced adult
contributing (dependent on Unavoidable extreme turbidity may cause chronic bank instability. Avoid short- | fitness may affect spawning success.
mechanism of contributing physical injury and/or physiological effects term turbidity effects above
impact) mechanism of (e.g., gill trauma, altered osmoregulation, background levels to greatest extent
impact) blood chemistry changes). Moderate to high practicable. Adhere to established
turbidity may cause behavioral alteration (e.g., | protocols for managing sediment and
avoidance responses) leading to increased turbidity.
territoriality, reduced foraging opportunity,
increased predation exposure, and altered
migration behavior.
Adults: Decreased spawning success resulting
from reduced fitness.
Resuspension of contaminated Dependent on contributing Temporary to short- Intermittent to Juveniles; Adults and juveniles: Avoidance, mortality, Identify and demarcate all areas with May affect juvenile and adult survival,
sediments, resulting in exposure to | mechanism of impact term (e.g., Interannual-decadal | Aquits increased stress, reduced growth and fitness, contaminated sediments. Manage and | growth, and fitness. Reduced adult
toxic substances operational spills) to (dependent on tissue bioaccumulation, increased disease avoid causes of sediment disturbance fitness may affect spawning success.
long-term (e.g., contributing incidence, and reduced additional stressor (e.g., define and maintain vessel speed
reexposure of buried mechanism of toleration, habitat avoidance, altered or limits in sensitive areas). Ensure that
Introduction of toxic substances contaminants) impact) delayed migration behavior. procedures are in place to quickly
depending on contain and clean up spills of toxic
contributing substances. Encourage the use of
mechanism of impact nontoxic, biodegradable lubricants in
construction vessels.
Altered dissolved oxygen levels Dependent on contributing Temporary to short- | Intermittent to Juveniles; Adults and juveniles: Mortality in acute low | Avoid sediment pulses. Limit nutrient | May affect juvenile and adult survival,
mechanism of impact term (e.g., permanent Adults dissolved oxygen events due to asphyxiation. | inputs associated with discharges of growth, and fitness. Reduced adult
contaminant spill or (dependent on Physiological responses to exposure at toxic wastewater and gray water. Other fitness may affect spawning success.
discharge) to contributing levels causing mortality or injury leading to mechanism-specific measures as
seasonal (e.g., mechanism of reduced fitness. Bioaccumulation of appropriate.
reduced submerged impact) contaminants at subacute levels resulting in
aquatic vegetation chronic physiological effects leading to
productivity due to reduced fitness and/or mortality.
changes in ambient
light patterns)
depending on
contributing
mechanism of impact
Altered pH levels Dependent on contributing Temporary to short- | Intermittent to Juveniles; Adults and juveniles: Physiological responses | Limit nutrient inputs with wastewater | May affect juvenile and adult survival,
mechanism of impact term (depending on Interannual-decadal | A quits to pH levels outside of optimal thresholds, and gray water holding and no direct growth, and fitness. Reduced adult

fitness may affect spawning success.
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Table A-7 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coastal Cutthroat Trout.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Use of creosote-treated Leaching of polyaromatic Leaching begins upon Long-term (with Continuous with Juveniles; Adults and juveniles: Physiological responses | Promote removal of creosote-treated May affect juvenile and adult survival,
wood hydrocarbons (PAHS) installation, with highest decreasing seasonal pulses Adults to exposure at toxic levels, causing mortality | wood and prevent new uses in growth, and fitness. Reduced adult
levels after initial immersion, | concentration (associated with high or injury leading to reduced fitness. accordance with pertinent regulations. | fitness may affect spawning success.
followed by peaks during intensity over time) water temperature Bioaccumulation of contaminants at subacute | Avoid use of other treated wood
periods of increased and current velocity) levels resulting in chronic physiological products where practicable. Use
temperatures and higher flows. effects leading to reduced fitness and/or alternative materials such as concrete,
Leaching more pronounced mortality. galvanized steel, plastic lumber,
when used in fresh water. recycled plastics, and plastic coatings
Spikes in concentration will where practicable. Where treated
occur during removal due to wood is necessary use dense-grained
leaching from freshly cut material to limit leaching. Use plastic
surfaces and dispersal of or metal cuffs at abrasion points to
sawdust fragments with high avoid fragmentation and release of
surface area. treated wood particulates.
Use of ACZA- and CCA | Leaching of metals (Cu, As, Cr, Zn) | Leaching begins upon Intermediate-term Continuous with Juveniles; Adults and juveniles: Physiological responses | Removal: Comple_,'tely remove treated
type C-treated wood installation, with highest seasonal pulses Adults to exposure at toxic levels, causing mortality | wood where practicable, consistent
levels occurring within 7 (dependent on current or injury leading to reduced fitness. with WDNR Standard Practice
months of initial immersion. velocity) Bioaccumulation of contaminants at subacute | Memorandum. When piles are left in
Spikes in concentration will levels, resulting in chronic physiological place, cut off at least 2 ft below surface
occur during removal due to effects leading to reduced fitness and/or and cap with clean sediment. Contain
leaching from freshly cut mortality. and capture sawdust for disposal at
surfaces and dispersal of approved facility.
sawdust fragments with high
surface area.
Increased stormwater Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Juveniles Adults and juveniles: Combined responses to | Require facilities to employ modern May affect juvenile and adult survival,
and nonpoint contaminants, nutrients, altered and spring and summer high Adults altered pH, altered dissolved oxygen levels, low-impact development and growth, and fitness. Reduced adult
source pollution dissolved oxygen, and increased boat-use periods contaminant exposure, and increased stormwater treatment technology. fitness may affect spawning success.
suspended solids suspended solids Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
Riparian Vegetation
Modification
Riverine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles; Adults and juveniles: Direct mortality caused | Avoid/minimize disturbance of May affect survival, growth, and
increased summer temperatures, winter/summer during solar permanent Adults by exposure to temperatures in excess of riparian vegetation. Maintain system- | fitness of juveniles and adults.

Altered ambient air
temperature regime

decreased winter temperatures).

radiation and ambient
temperature extremes)

(dependent on nature
of riparian impacts)

tolerance thresholds.

Juveniles: Altered growth and productivity
caused by temperatures outside optimal
growth range, and alteration of food web
patterns.

Adults: Decreased spawning fitness due to
migration delays caused by thermal barriers.

appropriate riparian buffer widths to
the greatest extent possible.

Reduced adult fitness may lead to
decreased spawning success.
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Table A-7 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coastal Cutthroat Trout.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Altered stream bank and | Increased suspended solids; Year-round (with specific Intermediate-termto | Continuous to Juveniles; Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect survival, growth, and
shoreline stability decreased redd dissolved oxygen; stressors prominent during long-term (dependent | seasonal (dependent | A4t availability and foraging opportunities, riparian vegetation. Maintain system- | fitness of juveniles and adults.
decreased area of suitable spawning | high-flow conditions) on time required for on specific stressor) leading to increased competition, and resulting | appropriate riparian buffer widths to Reduced adult fitness may lead to
habitat; reduced habitat complexity riparian recovery) effects on growth and fitness. Potential the greatest extent possible. decreased spawning success.
(e.g., filling of pools) habitat avoidance and/or injury and mortality
caused by excessive turbidity as described for
related stressor responses under Water Quality
Modification.
Adults: Potential migration delay, habitat
avoidance, and/or injury and mortality caused
by excessive turbidity as described for related
stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Avoid/minimize disturbance of May affect survival, growth, and
inputs derived prey resources; reduced due to decreased food web productivity; riparian vegetation. Maintain system- | fitness of juveniles.
aquatic food web productivity due decreased growth and fitness. appropriate riparian buffer widths to
to reduction in organic matter the greatest extent possible.
inputs
Altered habitat Reduced recruitment of large Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Encourage project designs that limit May affect survival, growth, and
complexity woody debris, affecting habitat permanent Adults availability and foraging opportunities, permanent alteration of high-quality fitness of juveniles and adults.
structure, hydraulic and substrate (dependent on nature leading to increased competition, and resulting | habitat features. Reduced adult fitness may lead to
complexity, and availability of of activity) effects on growth and fitness. decreased spawning success.
organic substrate. Reduced food Adults: Increased mortality and decreased
web prod_uctlvny, r(_eduged fofag'“g fitness and spawning success due to decreased
opportunity, Fed“.C“O” in available availability of suitable migratory and
cover, reduction in available S ina habitat
. - pawning habitat.
spawning habitat (freshwater)
Altered groundwater- Reduced available suitable Year-round Permanent Continuous Juveniles; Juveniles: Decreased availability of thermal Avoid permitting of projects in areas May affect juvenile survival, growth,
surface water exchange | spawning habitat; reduced gravel Adults refuge habitat, resulting in increased thermal with springs, seeps, or other sources of | and fitness. May affect adult spawning
dissolved oxygen stress; increased competition for suitable significant groundwater recharge. productivity.
habitats. Limit alteration of riparian vegetation
Adults: Decrease in suitable habitat, increased | [ 9reatest etent practicable.
competition, decreased spawning fitness and
success.
Marine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival, growth,
increased summer temperatures, winter/summer during solar permanent temperature have a relatively minor effect on riparian vegetation. Maintain system- | and fitness.
decreased winter temperatures) radiation and ambient (dependent on nature nearshore water temperatures relative to the appropriate riparian buffer widths to
temperature extremes) of riparian impacts) dominant influence of marine tidal and current | the greatest extent possible.
patterns, wind conditions, and other factors.
However, juveniles trapped in habitats isolated
Altered ambient air by tidal exchange (e.g., pocket estuaries) may
temperature regime experience increased temperatures where
shade and buffer influence has been altered,
potentially leading to mortality or increased
thermal stress and decreased fitness.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-termto | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival and

bluff stability

secondary effects on habitat
complexity (e.g., through change in
substrate composition, smothering
of aquatic vegetation)

stressor prominent during high
wave energy conditions)

long-term (dependent
on time required for
riparian recovery)

seasonal (dependent
on specific stressor)

availability and foraging opportunities,
leading to increased competition and resulting
effects on growth and fitness. Potential
habitat avoidance and/or injury and mortality
caused by excessive turbidity, as described for
related stressor responses under Water Quality
Modification.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

productivity.
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Table A-7 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coastal Cutthroat Trout.?

inputs

derived prey resources; reduced
aquatic food web productivity due
to reduction of organic matter
inputs

occurs during nearshore
rearing period in spring and
summer)

autochthonous inputs from lacustrine riparian
vegetation is a data gap. However, cutthroat
trout are known to use terrestrial insect
resources recruited from the riparian zone.
Alteration of vegetation will therefore result in
decreased foraging opportunities, decreased
growth and fitness, and decreased
productivity.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Cutthroat trout dependence on Avoid/minimize disturbance of May affect juvenile growth, fitness,
inputs derived prey resources; reduced occurs during nearshore autochthonous inputs from marine riparian riparian vegetation. Maintain system- | and productivity.
aquatic food web productivity due rearing period in spring and vegetation is a data gap. However, cutthroat appropriate riparian buffer widths to
to reduced organic matter inputs summer) trout are known to use terrestrial insect the greatest extent possible.
resources recruited from the riparian zone.
Alteration of vegetation will therefore result in
decreased foraging opportunities, decreased
growth and fitness, and decreased
productivity.
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival and
complexity woody debris, affecting habitat occurs during nearshore permanent availability and foraging opportunities, permanent alteration of high-quality productivity, spawning success, and
structure, hydraulic and substrate rearing period in spring and (dependent on nature leading to increased competition and resulting | habitat features. overall population productivity.
complexity, and availability of summer) of activity) effects on growth and fitness.
organic substrate; reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover
Altered freshwater Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Cutthroat trout dependence on Avoid disturbance of vegetation along | Effects of the action resulting from this
inflow productivity; secondary effects on occurs during nearshore groundwater inflow to nearshore marine stream. impact mechanism are unknown.
habitat complexity (e.g., through rearing period in spring and habitats is currently a data gap.
alteration of aquatic vegetation) summer)
Lacustrine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round, (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival and
increased summer temperatures, winter/summer during solar permanent temperature have a relatively minor effect on riparian vegetation. Maintain system- | productivity.
decreased winter temperatures) radiation and ambient (dependent on nature nearshore water temperatures relative to the appropriate riparian buffer widths to
temperature extremes) of riparian impacts) dominant influence of lake stratification, the greatest extent possible.
reservoir current patterns, wind conditions,
- - and other factors. However, shallow littoral
Altered ambient air habitats may experience increased
temperature regime temperatures due to lack of shade, leading to
decreased availability of refuge and forage
habitat, increased competition, and increased
predation exposure.
Altered shoreline Increased suspended solids; Year-round (with primary Intermediate-termto | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival and
stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent availability and foraging opportunities, riparian vegetation. Maintain system- | productivity.
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to
substrate composition, smothering riparian recovery) effects on growth and fitness. Potential the greatest extent possible.
of aquatic vegetation) habitat avoidance and/or injury and mortality
caused by excessive turbidity as described for
related stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Cutthroat trout dependence on Avoid/minimize disturbance of May affect juvenile growth, fitness,

and productivity.

Working Draft-Do Not Cite
Marinas and Shipping/Ferry Terminals

Appendix A Table A-7 Page 7 of 11

Washington Department of Fish and Wildlife
March 2008




Table A-7 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coastal Cutthroat Trout.?

Sub- Exposure
activity s Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival and
complexity woody debris, affecting habitat occurs during nearshore permanent availability and foraging opportunities, permanent alteration of high-quality productivity, spawning success, and
structure, hydraulic and substrate rearing period in spring and (dependent on nature leading to increased competition and resulting | habitat features. overall population productivity.
complexity, and availability of summer) of activity) effects on growth and fitness.
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Cutthroat trout dependence on Avoid disturbance of vegetation along | Effects of the action resulting from this
surface water exchange productivity; secondary effects on occurs during nearshore groundwater inflow to nearshore marine stream. impact mechanism are unknown.
habitat complexity (e.g., through rearing period in spring and habitats is currently a data gap.
alteration of aquatic vegetation) summer)
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile productivity.
production in spring and summer when due to decreased food web productivity; offshore to limit grounding and prop
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles; Adults and juveniles: See related stressor aq;Jat;c vegt(_etattl)(l)n t%th? greatest " See effects for related stressors under
due to reduced photosynthesis in spring and summer when Adulis responses under Water Quality Modification. g(rl?cntug?(;rl]%amgbrinesgn OVerwater | ater Quality Modification.
vegetation growth is most - g buoys In
extensive) apcprdanc_e with USACE guidance to
limit shading and anchor scour effects. . _ _
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Construction: Avoid/minimize May aff_eqtjuvenlle survival and
complexity reduced foraging opportunity, permanent Adults availability and foraging opportunities, Wancedf aquatic vegetation productivity. May affect adult growth
reduction in available cover, (dependent on nature leading to increased competition and predation during proiect construction and spawning productivity.
reduction in available spawning of activity) exposure resulting in decreased survival, uring proj uction.
habitat (freshwater) growth, and fitness. OpI eraticin: _Enfgrce vesdsel operation
. : . rules to limit submerged aquatic
%ﬁéaﬁg%ﬁ;ﬁwg&ag’rﬁ&%w&unIty due vegetation damage from prop wash,
Decreased growth and Peproductivé fitness. g;r?gir;iitnl?éﬁpfdrgpnc?ﬁ] gn&;&i reduced
profusion.
Riverine and
Lacustrine
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile productivity.
production in spring and summer when due to decreased food web productivity; offshore to limit grounding and prop
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles; Juveniles and adults: See related stressor aquatic vegetation to th_e greatest See effects for related stressors under
due to reduced photosynthesis in spring and summer when responses under Water Quality Modification. | EXt€nt practicable. Design overwater | \jater Quality Modification.
veaetation arowth is most Adults structures and mooring buoys in
ex?ensive) g accordance with USACE guidance to
limit shading and anchor scour effects. . _ _
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Construction: Avoid/minimize May affect juvenile survival and
complexity reduced foraging opportunity, permanent availability and foraging opportunities, Wancedf agquatic vegetation productivity.
reduction in available cover, (dependent on nature leading to increased competition and resulting during oroiect cgnstructic?n
reduction in available spawning of activity) effects on growth and fitness. g proj '
habitat (freshwater) Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring.
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Table A-7 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coastal Cutthroat Trout.?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Riverine
Altered channel Change in habitat structure and Year-round Permanent Continuous Juveniles; Juveniles: Altered channel geometry, flow Carefully evaluate project siting and May affect juvenile survival, growth,
geometry habitat suitability, reduced food Adults velocity, and substrate composition can result | design and consider the magnitude of | and fitness. May affect adult spawning
web complexity, and reduced in decreased rearing habitat suitability and impact mechanisms produced by the fitness.
- spawning and rearing habitat - changes in food web complexity. This ma roject. Encourage selection of project
Altered flow velocity af)/ailabiI?ty and suita?bility Year-round (with stressor Permanent Seasonal Iimit%‘oraging opportunitigs angincrease Y gesjigns that minigwize effects onp :
exposure occurring during competition for suitable habitats, leading to channel geometry, flow velocity,
2'?::]'“)0"" events, fall through decreased growth, fitness, and survival. substrate composition, and
Pring - Adults: Changes in channel morphology may groundwater exchange to the greatest
Altered _sm_Jbstr_ate _ Year-round Permanent Continuous lead to alteration of the migratory corridor and extent practicable.
composition (including a reduction in suitable resting habitat, leading
placement of non- to increased stress and decreased spawning
erodable substrate) success. Changes in substrate composition
Altered groundwater— Year-round (with stressor Permanent Continuous and stability resulting from altered channel
surface water exchange exposure occurring during geometry and flow velocity may lead to
juvenile rearing) decreased spawning success (e.g., through
reduction in suitable spawning locations
and/or increased scour and/or sedimentation of
redds) if potential spawning habitat is affected
Addition of impervious Alteration in the magnitude, During storm events Permanent Common Juveniles; Adults and juveniles: Because the amount of Encourage facilities to employ modern | Impervious surface at anticipated scale
surface volume, and timing of peak flows (predominantly from fall Adults impervious surface associated with marinasis | low-impact development and WOU_|0! not prOdl_JCG stressors of
through spring) a relatively inconsequential component of the | stormwater treatment technology. sufficient magnitude to adversely
overall drainage area of the larger river affect cutthroat trout at any life-history
systems that would support this type of stage.
development, the magnitude of the hydrologic
modification stressor is expected to be
negligible. As such, this stressor is not
expected to significantly affect the riverine
environment, and there will be no response to
the stressor.
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Table A-7 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coastal Cutthroat Trout.?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Juveniles Juveniles: Wave energy, current velocity, Carefully evaluate project siting and May affect survival and productivity at
habitat suitability, reduced food exposure occurring in spring sediment supply, substrate composition, and design and consider the magnitude of | juvenile life-history stage. Decreased
web complexity, habitat availability | and summer when juveniles groundwater inputs are core ecosystem impact mechanisms produced by the fitness may affect survival and
and suitability occupy nearshore habitats for processes and characteristics that comprise the | project. Encourage selection of project | productivity during ocean migration
rearing) nearshore ecosystem. Alteration in one or designs that minimize effects on life-history phase.
Altered current Year-round (with variable Permanent Intermittent more of these parameters can fundamentally | sediment supply, longshore drift
velocities effects depending on site- alter marine I|ttor_al h_apltats, pot(_entlally_ patterns, and wave engrgy and current
specific current dynamics and Qecre§5|ng the suitability of rearing habitat for | patterns. For example:
project configuration) juvenile coastal cutthroat trout. .Th's may e  Permeable breakwaters that
- occur through a number of specific stressors, maintain longshore drift patterns
Altered nearshore Year-round (with seasonally Permanent Seasonal including increased exertion and stress due to '
circulation patterns variable effects depending on change in current and wave energy patterns, e Suggest alternative designs for
site-specific geography and increased predation exposure due to reduction projects that fragment sources of
bathymetry, and project in available cover or exposure to deep water sediment recruitment and
configuration) habitat, food web alterations and decreased groundwater supply.
Altered sediment supply Year-round (beginning with Permanent Continuous foraging opportunity, and increased *  Require beach nourishment to
project installation and competition for suitable habitats. The _ maintain substrate and beach
becoming more pronounced combined effect of these stressors can result in profile characteristics where
over time) decreased growth and productivity, decreased impacts are unavoidable.
fitness for marine migration, and direct
Altered substrate Year-round (beginning with Permanent Continuous mortality.
composition project installation and
becoming more pronounced
over time [e.g., due to
accumulation of shell-hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater- Year-round Permanent Continuous
surface water exchange
Addition of impervious Increased stormwater and nonpoint | During storm events Permanent Intermittent Juveniles; Adults and juveniles: See Increased Require facilities to employ modern May affect survival, growth, and
surface source pollution (predominantly from fall Adults Stormwater and nonpoint source pollution in | low-impact development and fitness at juvenile life-history stages.
through spring) Water Quality Modification discussion. stormwater treatment technology. May affect adult survival and
Include operational requirements for spawning productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
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Table A-7 (continued).

HPA HCP Marinas Exposure and Response Matrix for Coastal Cutthroat Trout.?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Lacustrine
Altered wave energy Change in habitat structure and Year-round (with predominant | Permanent Continuous Juveniles; Adults and juveniles: Wave energy, current Carefully evaluate project siting and May affect survival and productivity at
(short-period waves) habitat suitability, reduced food effects from fall through Adults velocity, sediment supply, substrate design and consider the magnitude of | juvenile life-history stage. Decreased
web complexity, and reduced spring when wind-driven composition, and groundwater inputs are core | impact mechanisms produced by the fitness may lead to reduced spawning
habitat availability and suitability waves are most pronounced) ecosystem processes and characteristics that project. Encourage selection of project | productivity.
Altered current Year-round (with effects more | Permanent Common compose the nearshore ecosystem. Alteration des!gns that minimize effects on
velocities predominant in reservoirs in one or more of these parameters can sediment supply, longshore drift
versus natural lakes) fundar_nentally altef Iacustrln_e Ilt_tc_)ral hablta_ts, patterns, and wave engrgy and current
potentially decreasing the suitability of rearing | patterns. For example:
Altered nearshore Year-round, with variable Permanent Seasonal habitat for juvenile and migratory habitat for e Permeable breakwaters that
circulation patterns effects by season (e.g., adult coastal cutthroat. This may occur maintain lonashore drift patterns
circulation patterns) through a number of specific stressors, S ¢ alt g five desi P ; '
; ; including increased exertion and stress dueto | ® uggest alternative designs Tor
Altered sediment supply Year-round Permanent Continuous e i?\ current SEIMave energy patterns, projects that fragment sources of
Altered substrate Year-round Permanent Continuous increased predation exposure due to reduced sediment recruitment and
composition cover or exposure to deep water habitat, food groundwater supply.
Altered groundwater— Year-round Permanent Continuous web alterations and decreased foraging e Require beach nourishment to
surface water exchange opportunity, and increased competition for maintain substrate and beach
suitable habitats. The combined effect of prof”e characteristics where
these stressors can result in decreased growth impacts are unavoidable.
and productivity, decreased fitness for marine
migration, and direct mortality.
Adults: Adult cutthroat trout will generally be
less sensitive to these stressors. However,
increased stress and delayed migration may
reduce fitness and ultimately reduce spawning
success.
Addition of impervious | Alteration in the magnitude, During storm events Permanent Intermittent Juveniles Adults and juveniles: See Increased Require facilities to employ modern May affect survival growth and fitness
surface volume, and timing of peak flows (predominantly from fall Adults Stormwater and nonpoint source pollution in | low-impact development and at juvenile life-history stages. May
through spring) Water Quality Modification discussion. stormwater treatment technology. affect adult survival and spawning
Include operational requirements for productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

2 For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-8. HPA HCP Marinas Exposure and Response Matrix for Native Trout (Westslope Cutthroat and Redband Trout).?

Sub-
activity

Type Mechanism of Impact

Construction and
Maintenance Activities

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Marinas and Shipping/Ferry Terminals

predation risk.

Adults: Stress and behavioral modifications
by adult spawners exposed to sediment pulses,
migration delay, reduced foraging
opportunities, and increased predation risk.

Pile driving Increased underwater noise levels During project construction Temporary (auditory | Interannual to Juveniles; Adults and juveniles: Stressor response Avoid pile-driving noise in excess of Activity may cause direct mortality or
and maintenance activities masking) to short- decadal (during Adults dependent on noise magnitude, project- impact thresholds established by injury and/or affect survival, growth,
term (hearing project construction specific environmental conditions; may range | NOAA Fisheries and USFWS in and fitness of exposed life-history
threshold effects) and maintenance) from: habitats used by species. Limit pile stages, depending on project-specific
i ; ; driving to in-water work windows. noise intensity and receptor exposure.
* g:;igégjlljir%i?irngetromsirfl?\t,;lljd'tory tissue Use double-confined bubble curtain to
reduce sound pressure, or work within
e Increased predation risk and decreased confined or dewatered work-areas.
foraging success due to auditory masking | Encourage use of vibratory hammers
and/or temporary hearing threshold and wooden pilings where practicable.
effects that increase risk of predation
and/or decrease foraging efficiency due
to decreased ability to sense predators
and prey.
e Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles; Adults and juveniles: Auditory masking or Avoid/minimize propeller cavitation to | May affect juvenile survival, growth,
operation levels and maintenance activities masking) to short- decadal (during Adults temporary hearing threshold effects may limit noise intensity. Promote use of and fitness due to avoidance behavior,
term (hearing project construction increase risk of predation and/or decrease vessels equipped with antinoise/ decreased foraging success, and
threshold effects) and maintenance) foraging efficiency due to decreased ability to | antivibration technology where increased predation risk. May affect
sense predators and/or prey. practicable. adult fitness due to decreased foraging
success.
Channel/work area Fish removal, relocation, and During project construction Short-term Interannual to Juveniles; Adults and juveniles: Mortality, injury, or Use protocols established by NOAA May cause direct mortality or injury to
dewatering exclusion and maintenance activities decadal (depending Adults stress from capture, handling, and relocation. Fisheries and WDFW/WSDOT to affected life-history stages. May affect
on activity Juveniles: Increased competition once avoid and minimize impacts. _survi\{al, growth, ar)d fit_ness at
frequency) relocated: reduced growth and fitness, and juvenile and adult life-history stages.
increased predation exposure.
Adults: Decreased fitness and spawning
SUCCESS.
Entrainment in pumps or During project construction Short-term Interannual to Juveniles Juveniles: Injury or mortality from Install and maintain pump screens May affect survival, growth, and
impingement on pump screens and maintenance activities decadal (depending entrainment or impingement. consistent with WDFW protocols. fitness at juvenile life-history stage.
on activity Adhere to system-specific in-water
frequency) work window. Avoid use when
juveniles are present.
Altered flow conditions (riverine) During project construction Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, Limit alteration of flow conditions to May affect juvenile growth and fitness;
and maintenance activities decadal (depending Adults increased stress, increased competition, minimal area. may affect adult spawning
on activity decreased growth and fitness. productivity.
frequency) Adults: Increased stress; decreased spawning
fitness.
Stream bed disturbance, increased During project construction Temporary Interannual to Juveniles; Juveniles: Stress and behavioral Adhere to system-specific in-water May affect growth and fitness at
turbidity (associated with site and maintenance activities decadal (depending Adults modifications by rearing juveniles exposed to | work windows. juvenile life-history stage; may affect
rewatering) on activity sediment pulses, migration delay, reduced adult spawning productivity.
frequency) foraging opportunities, and increased
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Table A-8 (continued).

HPA HCP Marinas Exposure and Response Matrix for Native Trout (Westslope Cutthroat and Redband Trout).?

peaks)

established)

interannual to
decadal colonization
events

exposure to non-native pathogens.

regulations. Provide for upland
discharge of ballast water where
practicable.

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Localized alteration in invertebrate | During project construction Short-term Interannual to Juveniles Juveniles: Short-term reduction in foraging Limit area of dewatering to the greatest | May affect growth and fitness at
abundance and maintenance activities decadal (depending opportunity, increased competition, decreased | extent practicable. juvenile life-history stage.
on activity growth and fitness.
frequency)
Increased suspended solids During project construction Short-term Interannual to Juveniles; Adults and juveniles: See responses to related | Limit area of dewatering to the greatest | See effects for related stressors under
and maintenance activities decadal (depending Adults stressors under Water Quality Modification. extent practicable. Follow established | Water Quality Modification.
on activity protocols for dewatering and
frequency) rewatering. Adhere to system-specific
in-water work windows.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual-decadal Juveniles; Adults and juveniles: See responses described | Avoid fill or, if unavoidable, restore See effects for related stressors under
dredging substrate characteristics and maintenance activities Adults under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic
Modifications. shoreline habitats. Modification.
Aquatic vegetation removal and During project construction Intermediate-term Interannual-decadal Juveniles; Adults and juveniles: See responses described | Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Adults under Aquatic Vegetation Modification. submerged aquatic vegetation to the Aquatic Vegetation Modification.
greatest extent practicable through
project siting.
Entrainment of benthic organisms, During project construction Temporary to short- Interannual-decadal Juveniles; Juveniles: Altered migratory behavior. Limit dredging-related turbidity to the | May affect juvenile growth and fitness.
increased suspended solids, and maintenance activities term Adults Decreased foraging opportunity due to short- greatest extent practicable. Adhere to See effects for related stressors under
resuspension of contaminated term reduction in prey availability. Decreased | system-specific in-water work Water Quality Modification.
sediments growth and fitness. windows.
Adults and juveniles: See responses described
for related stressors under Water Quality
Modification.
Facility Operation and
Vessel Activities
Grounding, anchoring, Increased turbidity, disturbed Year-round (with intensity Permanent Common Juveniles; Adults and juveniles: Response to increased Site facilities in deeper water to avoid See effects for related stressors under
and/or prop wash benthic area dependent on facility activity Adults: turbidity exposure as described for related suspension of sediments from prop Water Quality Modification and
peaks) ' stressors under Water Quality Modification. wash and grounding. Prevent or Hydraulic and Geomorphic
Response to benthic disturbance as described discourage anchoring and provide Modification.
for Hydraulic and Geomorphic Modification. alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Freshwater aquatic vegetation Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Aquatic Vegetation Modification. suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods with wash and grounding. Prevent or
intensity dependent on discourage anchoring and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year-round (with intensity Permanent Intermittent to Juveniles; Adults and juveniles: Combined responsesto | Avoid and prohibit ballast water See effects for related stressors under
operational discharges dissolved oxygen, and dependent on facility activity common Adults altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) suspended solid exposure as described for discharge of ballast water where
related stressors under Water related stressors under Water Quality practicable.
Quality Modification Modification.
Introduction of non-native species Year round (with intensity Permanent (once Common Juveniles; Adults and juveniles: Altered predator/prey Require permitted facilities to adhere May affect survival, growth, and
dependent on facility activity invasive species are introductions with Adults interactions and food web organization; to ballast water management fitness at juvenile and adult life-history

stages.
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Table A-8 (continued).

HPA HCP Marinas Exposure and Response Matrix for Native Trout (Westslope Cutthroat and Redband Trout).?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Increased or altered Auditory masking and/or alteration | Year-round, with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration limits. May affect survival, growth, and
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to Avoid propeller cavitation. fitness due to avoidance behavior,
peaks (stressor exposure sense predators and/or prey, increasing risk of decreased foraging success, and
occurring in spring and predation and decreasing foraging efficiency. increased predation risk.
summer during nearshore
migration)
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles Juveniles: Pause or change of migration Design facilities so majority of May affect growth and survival.
modification and moored vessel hulls, creating sunset (stressor exposure direction, increased energy expense, reduced structural and moorage shading occurs
light contrasts requiring visual and occurs in spring and summer foraging success, and increased predation offshore away from submerged aquatic
behavioral adaptation during nearshore migration) exposure. vegetation, migration corridors, and
foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions
and effects on submerged aquatic
vegetation.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles Juveniles: Attraction to lighted area, delaying | Reduce and shield facility and vessel May affect juvenile survival.
vessel lighting, creating light sunrise (stressor exposure or altering migration. Increased predation lighting to limit nighttime illumination
contrasts requiring visual and occurs in spring and summer exposure. of the underwater environment.
behavioral adaptation during nearshore migration)
Shading from structures and Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Limit project structural May affect juvenile growth and fitness.
vessels, resulting in loss of aquatic in spring and summer when due to decreased food web productivity; footprint to minimize shading of
vegetation vegetation growth is most decreased growth and fitness. See Aquatic aquatic vegetation to the greatest
extensive) Vegetation Modification for additional detail extent practicable. Design overwater
and related stressors. structures and mooring buoys in
accordance with USACE guidance to
limit shading and anchor scour effects.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, and reduced
ambient light from fine bubble
profusion.
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Table A-8 (continued).

HPA HCP Marinas Exposure and Response Matrix for Native Trout (Westslope Cutthroat and Redband Trout).?

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Sub-

activity )

Type Mechanism of Impact
Water Quality
Modification

Increased suspended solids Dependent on contributing Temporary to short- Intermittent to Juveniles; Adults and juveniles: Responses vary Ensure that project design avoids May affect juvenile and adult survival,
mechanism of impact term (dependent on interannual-decadal Adults depending on stressor magnitude. and/or minimizes habitat alterations growth, and fitness. Reduced adult
contributing (dependent on Unavoidable extreme turbidity may cause leading to chronic bank instability. fitness may affect spawning success.
mechanism of contributing physical injury and/or physiological effects Avoid short-term turbidity effects
impact) mechanism of (gill trauma, altered osmoregulation, blood above background levels to greatest
impact) chemistry changes). Moderate to high extent practicable. Adhere to
turbidity may cause behavioral alteration (e.g., | established protocols for managing
avoidance responses) leading to increased sediment and turbidity.
territoriality, reduced foraging opportunity,
increased predation exposure, and altered
migration behavior.
Adults: Decreased spawning success resulting
from reduced fitness.
Resuspension of contaminated Dependent on contributing Temporary to short- Intermittent to Juveniles; Adults and juveniles: Avoidance, mortality, Identify and demarcate all areas with May affect juvenile and adult survival,
sediments, resulting in exposure to | mechanism of impact term (e.g., interannual-decadal Adults increased stress, reduced growth and fitness, contaminated sediments. Manage and | growth, and fitness. Reduced adult
toxic substances operational spills) to | (dependent on tissue bioaccumulation, increased disease avoid causes of sediment disturbance fitness may affect spawning success.
long-term (e.g., contributing incidence, and reduced additional stressor (e.g., define and maintain vessel speed
reexposure of buried mechanism of toleration; habitat avoidance; altered or limits in sensitive areas). Ensure that
Introduction of toxic substances contaminants) impact) delayed migration behavior. procedures are in place to quickly
depending on contain and clean up spills of toxic
contributing substances. Encourage the use of non-
mechanism of impact toxic, biodegradable lubricants in
construction vessels.
Altered dissolved oxygen levels Dependent on contributing Temporary to short- Intermittent to Juveniles; Adults and juveniles: Mortality in acute low Avoid sediment pulses. Limit nutrient | May affect juvenile and adult survival,
mechanism of impact term (e.g., permanent Adults dissolved oxygen events due to asphyxiation. inputs associated with discharges of growth, and fitness. Reduced adult
contaminant spill or (dependent on Physiological responses to exposure at toxic wastewater and gray water. Other fitness may affect spawning success.
discharge) to contributing levels causing mortality or injury leading to mechanism-specific measures as
seasonal (e.g., mechanism of reduced fitness. Bioaccumulation of appropriate.
reduced submerged impact) contaminants at subacute levels, resulting in
aquatic vegetation chronic physiological effects leading to
productivity due to reduced fitness and/or mortality.
changes in ambient
light patterns)
depending on
contributing
mechanism of impact
Altered pH levels Dependent on contributing Temporary to short- Intermittent to Juveniles; Adults and juveniles: Physiological responses | Limit nutrient inputs with wastewater May affect juvenile and adult survival,
mechanism of impact term (depending on interannual-decadal Adults to pH levels outside of optimal thresholds, and gray water holding and no direct growth, and fitness. Reduced adult

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.

waste discharge. Avoid in-water
curing of concrete or discharge of
concrete leachate to surface waters.

fitness may affect spawning success.
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Table A-8 (continued).

HPA HCP Marinas Exposure and Response Matrix for Native Trout (Westslope Cutthroat and Redband Trout).?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Use of creosote-treated Leaching of polyaromatic Leaching begins upon Long-term (with Continuous with Juveniles; Adults and juveniles: Physiological responses | Promote removal of creosote-treated May affect juvenile and adult survival,
wood hydrocarbons (PAHS) installation, with highest decreasing seasonal pulses Adults to exposure at toxic levels, causing mortality | wood and prevent new usesin growth, and fitness. Reduced adult
levels after initial immersion, | concentration (associated with high or injury leading to reduced fitness. accordance with pertinent regulations. | fitness may affect spawning success.
followed by peaks during intensity over time) water temperature Bioaccumulation of contaminants at subacute | Avoid use of other treated wood
periods of increased and current velocity) levels, resulting in chronic physiological products where practicable. Use
temperatures and higher flows. effects leading to reduced fitness and/or alternative materials such as concrete,
Leaching more pronounced mortality. galvanized steel, plastic lumber,
when used in fresh water. recycled plastics, and plastic coatings
Spikes in concentration will where practicable. Where treated
occur during removal due to wood is necessary, use dense-grained
leaching from freshly cut material to limit leaching. Use plastic
surfaces and dispersal of or metal cuffs at abrasion points to
sawdust fragments with high avoid fragmentation and release of
surface area. treated-wood particulates.
Use of ACZA- and CCA | Leaching of metals (Cu, As, Cr, Zn) | Leaching begins upon Intermediate-term Continuous with Juveniles; Adults and juveniles: Physiological responses | Removal: Complgtely remove treated
type C-treated wood installation with highest levels seasonal pulses Adults to exposure at toxic levels, causing mortality ~ | Wood where practicable, consistent
occurring within 7 months of (dependent on current or injury leading to reduced fitness. with WDNR Standard Practice
initial immersion. Spikes in velocity) Bioaccumulation of contaminants at subacute | Memorandum. When piles are left in
concentration will occur levels, resulting in chronic physiological place, cut off at least 2 ft below surface
during removal due to effects leading to reduced fitness and/or and cap with clean sediment. Contain
leaching from freshly cut mortality. and capture sawdust for disposal at
surfaces and dispersal of approved facility.
sawdust fragments with high
surface area.
Increased stormwater Combined effects of altered pH, Fall and winter rain events; Permanent Intermittent Juveniles; Adults and juveniles: Combined responses to | Require facilities to employ modern May affect juvenile and adult survival,
and nonpoint source contaminants, nutrients, altered spring and summer high boat- Adults altered pH, altered dissolved oxygen levels, low-impact development and growth, and fitness. Reduced adult
pollution dissolved oxygen, and increased use periods contaminant exposure, and increased stormwater treatment technology. fitness may affect spawning success.
suspended solids suspended solids. Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
Riparian Vegetation
Modification
Riverine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles; Adults and juveniles: Direct mortality caused | Avoid/minimize disturbance of May affect survival, growth, and
increased summer temperatures, winter/summer during solar permanent Adults by exposure to temperatures in excess of riparian vegetation. Maintain system- | fitness of juveniles and adults.

Altered ambient air
temperature regime

decreased winter temperatures)

radiation and ambient
temperature extremes)

(dependent on nature
of riparian impacts).

tolerance thresholds.

Juveniles: Altered growth and productivity
caused by temperatures outside optimal
growth range, and alteration of food web
patterns.

Adults: Decreased spawning fitness due to
inhibited or delayed movement caused by
thermal barriers.

appropriate riparian buffer widths to
the greatest extent possible.

Reduced adult fitness may lead to
decreased spawning success.
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Table A-8 (continued).

HPA HCP Marinas Exposure and Response Matrix for Native Trout (Westslope Cutthroat and Redband Trout).?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Altered stream bank and | Increased suspended solids; Year-round (with specific Intermediate-term to | Continuous to Juveniles; Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect survival, growth, and
shoreline stability reduced habitat complexity (e.g., stressors prominent during long-term (dependent | seasonal (dependent Adults availability and foraging opportunities, riparian vegetation. Maintain system- | fitness of juveniles and adults.
filling of pools) high-flow conditions) on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to Reduced adult fitness may lead to
riparian recovery) effects on growth and fitness. Potential the greatest extent possible. decreased spawning success.
habitat avoidance and/or injury and mortality
caused by excessive turbidity as described for
related stressor responses under Water Quality
Modification.
Adults: Potential habitat avoidance and/or
injury and mortality caused by excessive
turbidity as described for related stressor
responses under Water Quality Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Juveniles Reduced foraging opportunities due to Avoid/minimize disturbance of May affect survival, growth, and
inputs derived prey resources; reduced decreased food web productivity; decreased riparian vegetation. Maintain system- | fitness of juveniles.
aquatic food web productivity due growth and fitness. appropriate riparian buffer widths to
to reduction in organic matter the greatest extent possible.
inputs
Altered habitat Reduced recruitment of large Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Encourage project designs that limit May affect survival, growth, and
complexity woody debris, affecting habitat permanent Adults availability and foraging opportunities, permanent alteration of high-quality fitness of juveniles and adults.
structure, hydraulic and substrate (dependent on nature leading to increased competition and resulting | habitat features. Reduced adult fitness may lead to
complexity, and availability of of activity) effects on growth and fitness. decreased spawning success.
organic subs_trgte. Reduced fooo_l Adults: Increased mortality and decreased
web prod_uct|V|ty, rgduged fofag'”g fitness and spawning success due to decreased
opportunity, reduction in available availability of suitable habitat.
cover
Altered groundwater Reduced available suitable habitat; | Year-round Permanent Continuous Juveniles; Juveniles: Decreased availability of thermal Avoid permitting of projects in areas May affect juvenile survival, growth,
surface water exchange reduced gravel dissolved oxygen Adults refuge habitat, resulting in increased thermal with springs, seeps, or other sources of | and fitness. May affect adult spawning
stress; increased competition for suitable significant groundwater recharge. productivity.
habitats. Limit alteration of riparian vegetation
Adults: Decrease in suitable habitat, increased | [0 9reatest extent practicable.
competition, decreased spawning fitness and
success.
Lacustrine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles; Adults and juveniles: Riparian shade and Avoid/minimize disturbance of May affect survival, growth, and
increased summer temperatures, winter/summer during solar permanent Adults ambient temperature have a relatively minor riparian vegetation. Maintain system- | fitness of juveniles and adults.
decreased winter temperatures) radiation and ambient (dependent on nature effect on nearshore water temperatures relative | appropriate riparian buffer widths to Reduced adult fitness may lead to
temperature extremes) of riparian impacts). to the dominant influence of lake stratification, | the greatest extent possible. decreased spawning success.
reservoir current patterns, wind conditions,
- - and other factors. However, shallow littoral
Altered ambient air habitats may experience increased
temperature regime temperatures due to lack of shade, leading to
decreased availability of refuge and forage
habitat, increased competition, and increased
predation exposure.
Altered shoreline Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival and

stability

secondary effects on habitat
complexity (e.g., through change in
substrate composition, smothering
of aquatic vegetation)

stressor prominent during high
wave energy conditions)

long-term (dependent
on time required for
riparian recovery)

seasonal (dependent
on specific stressor)

availability and foraging opportunities,
leading to increased competition and resulting
effects on growth and fitness. Potential
habitat avoidance and/or injury and mortality
caused by excessive turbidity as described for
related stressor responses under Water Quality
Modification.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

productivity.

Working Draft-Do Not Cite
Marinas and Shipping/Ferry Terminals

Appendix A Table A-8 Page 6 of 9

Washington Department of Fish and Wildlife
March 2008




Table A-8 (continued).

HPA HCP Marinas Exposure and Response Matrix for Native Trout (Westslope Cutthroat and Redband Trout).?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Native trout dependence on Avoid/minimize disturbance of May affect juvenile growth, fitness,
inputs derived prey resources; reduced occurs during nearshore autochthonous inputs from riparian vegetation | riparian vegetation. Maintain system- | and productivity.
aquatic food web productivity due rearing period in spring and is a data gap. However, native trout are appropriate riparian buffer widths to
to reduction of organic matter summer) known to use terrestrial insect resources the greatest extent possible.
inputs recruited from the riparian zone. Alteration of
vegetation will therefore result in decreased
foraging opportunities, decreased growth and
fitness, and decreased productivity.
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival and
complexity woody debris, affecting habitat occurs during nearshore permanent availability and foraging opportunities, permanent alteration of high-quality productivity, spawning success, and
structure, hydraulic and substrate rearing period in spring and (dependent on nature leading to increased competition and resulting | habitat features. overall population productivity.
complexity, and availability of summer) of activity) effects on growth and fitness.
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover
Altered groundwater- Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Native trout dependence on Avoid disturbance of vegetation along | Effects of the action resulting from this
surface water exchange productivity; secondary effects on occurs during nearshore groundwater inflow to nearshore habitats is stream. impact mechanism are unknown.
habitat complexity (e.g., through rearing period in spring and currently a data gap.
alteration of aquatic vegetation) summer)
Aquatic Vegetation
Modification
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile productivity.
production in spring and summer when due to decreased food web productivity; offshore to limit grounding and prop
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles; Adults and juveniles: See related stressor aquatic veggtatll)?n tgth? greatest See effects for related stressors under
due to reduced photosynthesis in spring and summer when Adults responses under Water Quality Modification. gﬁtﬂhfégﬁ?mgb”fsgn overwater Water Quality Modification.
vegetation growth is most - g buoys In
extensive) a_ccprdanqe with USACE guidance to
limit shading and anchor scour effects.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Construction: Avoid/minimize May affect juvenile survival and
complexity reduced foraging opportunity, permanent availability and foraging opportunities, Wancedf aquatic vegetation productivity.
reduction in available cover (dependent on nature leading to increased competition, and resulting during proiect construction
of activity) effects on growth and fitness. gproj '
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring.
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Table A-8 (continued).

HPA HCP Marinas Exposure and Response Matrix for Native Trout (Westslope Cutthroat and Redband Trout).?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Riverine
Altered channel Change in habitat structure and Year-round Permanent Continuous Juveniles; Juveniles: Altered channel geometry, flow Carefully evaluate project siting and May affect juvenile survival, growth
geometry habitat suitability, reduced food Adults velocity, and substrate composition can result | design and consider the magnitude of and fitness. May affect adult spawning
web complexity, and reduced in decreased rearing habitat suitability and impact mechanisms produced by the fitness.
) rearing habitat availability and : changes in food web complexity. This may project. Encourage selections of
Altered flow velocity suitability Year-round (with stressor Permanent Seasonal limit foraging opportunities and increase project designs that minimize effects
exposure occurring during competition for suitable habitats, leading to on channel geometry, flow velocity,
high-flow events, fall through decreased growth, fitness, and survival. substrate composition, and
spring) Adults: Changes in channel morphology may groundwate_r exchange to the greatest
Altered substrate Year-round Permanent Continuous lead to alteration of the migratory corridor and | €Xtent practicable.
composition (including a reduction in suitable resting habitat, leading
placement of non- to increased stress and decreased spawning
erodable substrate) SUCCESS.
Altered groundwater- Year-round (with stressor Permanent Continuous
surface water exchange exposure occurring during
juvenile rearing)
Addition of impervious Alteration in the magnitude, During storm events Permanent Common Juveniles; Adults and juveniles: Because the amount of Encourage facilities to employ modern | Impervious surface at anticipated scale
surface volume, and timing of peak flows (predominantly from fall Adults impervious surface associated with marinas is | low-impact development and would not produce stressors of
through spring) a relatively inconsequential component of the | stormwater treatment technology. sufficient magnitude to adversely
overall drainage area of the larger river affect native trout at any life-history
systems that would support this type of stage.
development, the magnitude of the hydrologic
modification stressor is expected to be
negligible. As such, this stressor is not
expected to significantly affect the riverine
environment, and there will therefore be no
response to the stressor.
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Table A-8 (continued).

HPA HCP Marinas Exposure and Response Matrix for Native Trout (Westslope Cutthroat and Redband Trout).?

through spring)

the effects of increased surface water run-off.
As such, this stressor is not expected to
significantly affect the lacustrine environment,
and there will be no response to the stressor.
Also see Water Quality Modification
discussion.

stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

Sub- Exposure ]
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Lacustrine
Altered wave energy Change in habitat structure and Year-round (with predominant | Permanent Continuous Juveniles; Adults and juveniles: Wave energy, current Carefully evaluate project siting and May affect survival and productivity at
(short-period waves) habitat suitability, reduced food effects from fall through Adults velocity, sediment supply, substrate design and consider the magnitude of juvenile life-history stage. Decreased
web complexity, and reduced spring when wind-driven composition, and groundwater inputs are core | impact mechanisms produced by the fitness may lead to reduced spawning
habitat availability and suitability waves are most pronounced) ecosystem processes and characteristics that project. Encourage selection of project | productivity.
Altered current Year-round (with effects more | Permanent Common compose the nearshore ecosystem. Alteration des!gns that minimize effects on
S : : : in one or more of these parameters can sediment supply, longshore drift
velocities predominant in reservoirs S .
fundamentally alter lacustrine littoral habitats, | patterns, and wave energy and current
versus natural lakes) - - oo - .
- - potentially decreasing the suitability of rearing | patterns. For example:
A_Itered_nearshore Year-round (with variable Permanent Seasonal habitat fc_)r juvenile an_d migratory habitat for e  Permeable breakwaters that
circulation patterns effects t_)y season [e.g., adult native trout. This may occur through a maintain longshore drift patterns
circulation patterns]) number of specific stressors, including S | ive desians '
- - i i i est alternative designs for
Altered sediment suppl Year-round Permanent Continuous increased exertion and stress due to change in | ¢ >t99
PRYY : current and wave energy patterns, increased projects that fragment sources of
Altered substrate Year-round Permanent Continuous predation exposure due to reduced cover or sediment recruitment and
composition exposure to deep water habitat, food web groundwater supply.
Altered groundwater- Year-round Permanent Continuous alterations and decreased foraging e Require beach nourisment to
surface water exchange opportunity, and increased competition for maintain substrate and beach
suitable habitats. The combined effect of prof”e characteristics where
these stressors can result in decreased growth impacts are unavoidable.
and fitness, and direct mortality.
Adults: Adult native trout will generally be
less sensitive to these stressors. However,
increased stress and inhibited movement may
reduce fitness and ultimately reduce spawning
success.
Addition of impervious Alteration in the magnitude, During storm events Permanent Intermittent Juveniles; Adults and juveniles: Most lakes are Require facilities to employ modern Lakes are generally considered flow
surface volume, and timing of peak flows (predominantly from fall Adults considered flow exempt, and are insensitive to | low-impact development and exempt water bodies. Impervious

surface at the anticipated scale of a
single facility would not produce
stressors of sufficient magnitude to
adversely affect native trout at any life-
history stage.

% For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-9. HPA HCP Marinas Exposure and Response Matrix for Bull Trout and Dolly Varden (Native Char).?

Sub-
activity

Type Mechanism of Impact

Construction and
Maintenance Activities

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Marinas and Shipping/Ferry Terminals

Adults: Delayed migration, increased stress,
decreased spawning fitness.

Pile driving Increased underwater noise levels During project construction Temporary (auditory | Interannual to Juveniles; All life-history stages: Stressor response, Avoid pile-driving noise in excess of Activity may cause direct mortality or
and maintenance activities masking) to short- decadal (during Adults dependent on noise magnitude, project- impact thresholds established by injury, and/or affect survival, growth,
term (hearing project construction specific environmental conditions, may range | NOAA Fisheries and USFWS in and fitness, of exposed life-history
threshold effects) and maintenance) from: habitats used by species. Limit pile stages depending on project-specific
e Fatal injury o permanent auditory tissue gI’IVtI)I’I]g to |p—wgtzr \t/)\gc:rk WIPC_iOVtV. Use | noise intensity and receptor exposure.
damage limiting to survival. ouble confined bubble curtainto
o reduce sound pressure, or work within
e Increased predation risk and decreased confined or dewatered work areas.
foraging success due to auditory masking | Encourage use of vibratory hammers
and/or temporary hearing threshold and wooden piles where practicable.
effects that increase risk of predation
and/or decrease foraging efficiency due
to decreased ability to sense predators
and prey.
e Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles; Adults and juveniles: Auditory masking or Avoid/minimize propeller cavitation to | May affect juvenile survival, growth,
operation levels and maintenance activities masking) to short- decadal (during Adults temporary hearing threshold effects may limit noise intensity. Promote use of and fitness due to avoidance behavior,
term (hearing project construction increase risk of predation and/or decrease vessels equipped with antinoise/ decreased foraging success, and
threshold effects) and maintenance) foraging efficiency due to decreased ability to | antivibration technology where increased predation risk.
sense predators and/or prey. practicable. May affect adult fitness due to
decreased foraging success.
Channel/work area Fish removal, relocation, and During project construction Short-term Interannual to Juveniles; Adults and juveniles: Mortality, injury, or Use protocols established by NOAA May cause direct mortality or injury to
dewatering exclusion and maintenance activities decadal (depending Adults stress from capture, handling, and relocation. Fisheries and WDFW/WSDOT to affected life-history stages. May affect
on activity Juveniles: Increased competition once avoid and minimize impacts. survival, growth, and fitness at
frequency) relocated, reduced growth and fitness, and juvenile and adult life-history stages.
increased predation exposure.
Adults: Delayed migration resulting in
decreased fitness and spawning success.
Entrainment in pumps or During project construction Short-term Interannual to Juveniles Juveniles: Injury or mortality from Install and maintain pump screens May affect survival and fitness at
impingement on pump screens and maintenance activities decadal (depending entrainment or impingement. consistent with WDFW protocols. juvenile life-history stage
on activity Adhere to system-specific in-water
frequency) work window. Avoid use when
juveniles are present.
Altered flow conditions (riverine) During project construction Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, Limit alteration of flow conditions to May affect survival, growth, and
and maintenance activities decadal (depending Adults increased stress, increased competition, minimal area. fitness during egg and alevin life-
on activity decreased growth and fitness. history stage; may affect juvenile
frequency) Adults: Delayed migration, increased stress, growth an?_tfltness; may affect adult
decreased spawning fitness. Spawning Tiness.
Altered current and circulation During project construction Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, Limit alteration of current and May affect juvenile growth and fitness,
conditions (marine and lacustrine) and maintenance activities decadal (depending Adults increased stress, increased competition, circulation patterns to greatest extent potentially limiting survival during
on activity decreased growth and fitness. practicable to minimal area. ocean migration; may affect adult
frequency) spawning productivity.
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Table A-9 (continued).

HPA HCP Marinas Exposure and Response Matrix for Bull Trout and Dolly Varden (Native Char).*

disturbance

prevalent during spring and
summer growth periods with
intensity dependent on activity

common

Aquatic Vegetation Modification.

suspension of sediments from propeller
wash and grounding. Prevent or
discourage anchoring and provide
alternatives such as mooring buoys
designed in accordance with Corps of
Engineers guidance.

Sub- Exposure ]
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Stream bed disturbance, increased During project construction Temporary Interannual to Eggs and alevins; Eggs and alevins: Potential decreased egg Adhere to system-specific in-water May affect egg and alevin incubation
turbidity (associated with site and maintenance activities decadal (depending Juveniles: incubation success and alevin survival due to work window. Avoid work during egg | success and survival; may affect
rewatering) on activity Adult ' turbidity exposure and substrate disturbance. incubation periods. growth and fitness at juvenile life-
ults . . i :
frequency) Juveniles: Stress and behavioral hlstory_ sta?_?, may affect adult
modifications by rearing juveniles exposed to spawning Titness.
sediment pulses, migration delay, reduced
foraging opportunities, and increased
predation risk.
Adults: Stress and behavioral modifications by
adult spawners exposed to sediment pulses,
migration delay, reduced foraging
opportunities, and increased predation risk.
Localized alteration in invertebrate | During project construction Short-term Interannual to Juveniles Juveniles: Short-term reduction in foraging Limit area of dewatering to the greatest | May affect growth and fitness at
abundance and maintenance activities decadal (depending opportunity, increased competition, and extent practicable. juvenile life-history stage.
on activity decreased growth and fitness.
frequency)
Increased suspended solids During project construction Short-term Interannual to Juveniles; All life-history stages: See responses to Limit area of dewatering to the greatest | See effects for related stressors under
and maintenance activities decadal (depending Adults related stressors under Water Quality extent practicable. Follow established | Water Quality Modification.
on activity Modification. protocols for dewatering and
frequency) rewatering. Adhere to system-specific
in-water work windows.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual-decadal Juveniles; All life-history stages: See responses Avoid fill or if unavoidable, restore See effects for related stressors under
dredging substrate characteristics and maintenance activities Adults described under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic
Modification. shoreline habitats. Modification.
Aquatic vegetation removal and During project construction Intermediate-term Interannual-decadal Juveniles; Juveniles and adults: See responses described | Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Adults under Aquatic Vegetation Modification. submerged aquatic vegetation to the Aquatic Vegetation Modification.
greatest extent practicable through
project siting.
Entrainment of benthic organisms, During project construction Temporary to short- Interannual-decadal Juveniles; Juveniles: Altered migratory behavior; Limit dredging-related turbidity to the | May affect juvenile growth and fitness.
increased suspended solids, and maintenance activities term Adults decreased foraging opportunity due to short- greatest extent practicable. Adhere to See effects for related stressors under
resuspension of contaminated term reduction in prey availability; decreased system-specific in-water work Water Quality Modification.
sediments growth and fitness. windows.
All life-history stages: See responses
described for related stressors under Water
Quality Modification.
Facility Operation and
Vessel Activities
Grounding, anchoring, Increased turbidity, disturbed Year-round, with intensity Permanent Common Juveniles; All life-history stages: Response to increased | Site facilities in deeper water to avoid | See effects for related stressors under
and/or propwash benthic area dependent on facility activity Adults turbidity exposure as described for related suspension of sediments from propeller | Water Quality Modification and
peaks stressors under Water Quality Modification. wash and grounding. Prevent or Hydraulic and Geomorphic
Response to benthic disturbance as described discourage anchoring and provide Modification.
for Hydraulic and Geomorphic Modification. alternatives such as mooring buoys
designed in accordance with Corps of
Engineers guidance.
Eelgrass and macroalgae Year-round, effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under

Aquatic Vegetation Modification.
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Table A-9 (continued).

HPA HCP Marinas Exposure and Response Matrix for Bull Trout and Dolly Varden (Native Char).*

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Freshwater aquatic vegetation Year-round, effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Aquatic Vegetation Modification. suspension of sediments from propeller | Aquatic Vegetation Modification.
summer growth periods with wash and grounding. Prevent or
intensity dependent on activity discourage anchoring and provide
alternatives such as mooring buoys
designed in accordance with Corps of
Engineers guidance.
Vessel maintenance and | Exposure to altered pH, altered Year-round, with intensity Permanent Intermittent to Eggs and alevins; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under

operational discharges dissolved oxygen, and dependent on facility activity common Juveniles; altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks Adults suspended solid exposure as described for discharge of ballast water where
related stressors under Water related stressors under Water Quality practicable.
Quality Modification Modification.
Introduction of non-native species Year-round, with intensity Permanent (once Common Juveniles; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival, growth, and
dependent on facility activity invasive species are introductions with Adults interactions and food web organization, to ballast water management fitness at all life-history stages.
peaks established) interannual to exposure to non-native pathogens. regulations. Provide for upland
decadal colonization discharge of ballast water where
events practicable
Increased or altered Auditory masking and/or alteration | Year-round, with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration limits. May affect survival, growth, and
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to Avoid propeller cavitation. fitness due to avoidance behavior,
peaks (stressor exposure sense predators and/or prey, increasing risk of decreased foraging success, and
occurring in spring and predation and decreasing foraging efficiency. increased predation risk.
summer during nearshore
migration)
Ambient Light Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles Juveniles: Pause or change of migration Design facilities so majority of May affect growth and survival, may
Modification and moored vessel hulls creating sunset (stressor exposure direction, increased energy expense, reduced structural and moorage shading occurs | delay outmigration resulting in reduced
light contrasts requiring visual and occurs in spring and summer foraging success, and Increased predation offshore away from submerged aquatic | marine survival.
behavioral adaptation during nearshore migration) exposure. vegetation, migration corridors, and
foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions
and effects on submerged aquatic
vegetation.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles Juveniles: Attraction to lighted area, delaying | Reduce and shield facility and vessel May affect juvenile survival, may
vessel lighting creating light sunrise (stressor exposure or altering migration. Increased predation lighting to limit nighttime illumination | delay outmigration resulting in reduced
contrasts requiring visual and occurs in spring and summer exposure. of the underwater environment. marine survival
behavioral adaptation during nearshore migration)
Shading from structures and vessels | Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Limit project structural May affect juvenile growth and fitness.

resulting in loss of aquatic
vegetation

in spring and summer when
vegetation growth is most
extensive)

due to decreased food web productivity,

decreased growth and fitness. See Aquatic
Vegetation Modification for additional detail

and related stressors.

footprint to minimize shading of
aquatic vegetation to the greatest
extent practicable. Design overwater
structures and mooring buoys in
accordance with Corps of Engineers
guidance to limit shading and anchor
scour effects.

Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from propeller
wash, grounding, and anchoring, and
reduced ambient light from fine bubble
profusion.
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Table A-9 (continued). HPA HCP Marinas Exposure and Response Matrix for Bull Trout and Dolly Varden (Native Char).*

toxic substances)

Introduction of toxic substances

operational spills) to
long-term (e.g.,
reexposure of buried
contaminants)
depending on
contributing
mechanism of impact

(dependent on
contributing
mechanism of
impact)

tissue bioaccumulation, increased disease
incidence, and reduced additional stressor
toleration, habitat avoidance, altered, or
delayed migration behavior.

avoid causes of sediment disturbance
(e.g., define and maintain vessel speed
limits in sensitive areas). Ensure
procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of non-
toxic, biodegradable lubricants in
construction vessels.

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine systems: Decreased light Year-round, sunrise to sunset, Permanent Continuous to Juveniles Juveniles: See impact mechanisms, stressors, Enforce speed and acceleration limits. See effects for related stressors under
penetration due to increased surface | with intensity dependent on intermittent and stressor responses under Aquatic Avoid propeller cavitation. Ambient Light Modification.
reflectance from fine bubble facility activity peaks (stressor Vegetation Modification.
profusion produced by propeller exposure occurs in spring and
wash summer during nearshore
migration)
Water Quality
Modification
Increased suspended solids Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles and adults: Responses vary Ensure project design avoids and/or May affect survival, growth, and
mechanism of impact term (dependent on interannual-decadal Adults depending on stressor magnitude. minimizes habitat alterations leading to | fitness at all life-history stages.
contributing (dependent on Unavoidable extreme turbidity may cause chronic bank instability. Avoid short- Reduced adult fitness may affect
mechanism of contributing physical injury and/or physiological effects term turbidity effects above spawning success..
impact) mechanism of (e.g., gill trauma, altered osmoregulation, background levels to greatest extent
impact) blood chemistry changes). Moderate to high practicable. Adhere to established
turbidity may cause behavioral alteration (e.g., | protocols for managing sediment and
avoidance responses) leading to increased turbidity.
territoriality, reduced foraging opportunity,
increased predation exposure, and altered
migration behavior.
Adults: Reduction in suitable spawning
habitat (due to substrate embeddedness) and
reduced spawning success.
Resuspension of contaminated Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles and adults: Avoidance, mortality, Identify and demarcate all areas with May affect juvenile survival, growth,
sediments (resulting in exposure to | mechanism of impact term (e.g., interannual-decadal Adults increased stress, reduced growth and fitness, contaminated sediments. Manage and | and fitness. Reduced adult fitness may

affect spawning success..

Altered dissolved oxygen levels

Dependent on contributing

Temporary to short-

Intermittent to Eggs and alevins;

All life-history stages: Mortality in acute low

Avoid sediment pulses. Limit nutrient

May affect survival, growth, and

mechanism of impact term (e.g., permanent Juveniles; dissolved oxygen events due to asphyxiation. inputs associated with discharges of fitness of juveniles and adults.
contaminant spill or (dependent on Adults Juveniles and adults: Stress and other wastewater and graywater. Other Reduced adult fitness may lead to
discharge) to contributing physiological responses to levels outside mechanism-specific measures as decreased spawning success. (Egg and
seasonal (e.g., mechanlsm of optimal thresholds causing mortality or injury appropriate. alevin exposure is unllke!y as bu_II trout
reduced submerged impact) leading to reduced fitness and Dolly Varden spawning habitat is
aquatic vegetation o typically in areas unsuitable for marina
productivity due to and terminal development.)
changes in ambient
light patterns)
depending on
contributing
mechanism of impact

Altered pH levels. Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles and adults: Physiological responses Limit nutrient inputs with wastewater May affect survival, growth, and
mechanism of impact term depending on interannual-decadal Adults to pH levels outside of optimal thresholds, and graywater holding and no direct fitness of juveniles and adults.

contributing
mechanism of impact

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.

waste discharge.

Avoid curing of concrete or discharge
of concrete leachate to surface waters.

Reduced adult fitness may lead to
decreased spawning success. (Egg and
alevin exposure is unlikely as bull trout
and Dolly Varden spawning habitat is
typically in areas unsuitable for marina
and terminal development.)
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Table A-9 (continued).

HPA HCP Marinas Exposure and Response Matrix for Bull Trout and Dolly Varden (Native Char).*

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Use of creosote-treated Leaching of polyaromatic Leaching begins upon Long-term (with Continuous with Juveniles; Adults and juveniles: Physiological responses | Promote removal of creosote-treated May affect survival, growth, and
Wood hydrocarbons (PAHS) installation, with highest decreasing seasonal pulses Adults to exposure at toxic levels causing mortality or | wood and prevent new usesin fitness of juveniles and adults.
levels after initial immersion, | concentration (associated with high injury leading to reduced fitness. accordance with pertinent regulations. | Reduced adult fitness may lead to
followed by peaks during intensity over time) water temperature Bioaccumulation of contaminants at subacute | Avoid use of other treated wood decreased spawning success. (Egg and
periods of increased and current velocity) levels resulting in chronic physiological products where practicable. Use alevin exposure is unlikely as bull trout
temperatures and higher flows. effects leading to reduced fitness and/or alternative materials such as concrete, and Dolly Varden spawning habitat is
Leaching more pronounced mortality. galvanized steel, plastic lumber, typically in areas unsuitable for marina
when used in fresh water. recycled plastics, and plastic coatings and terminal development.)
Spikes in concentration will Where_practicable. Where treateq
occur during removal due to wood is necessary, use dense-grained
leaching from freshly cut material to limit Ieachl_ng. U_se plastic
surfaces and dispersal of or metal cuffs at gbrasmn points to
sawdust fragments with high avoid fragmentation and release of
surface area. treated wood particulates.
Use of ACZA and CCA | Leaching of metals (Cu, As, Cr, Zn) | Leaching begins upon Intermediate-term Continuous with Juveniles; Adults and juveniles: Physiological responses %érg%ggi?éggfg%fsigﬁmd
type C-treated wood installation with highest levels seasonal pulses Adults to exposure at toxic levels causing mortality or with WDNR Standard P’racti ce
occurring within 7 months of (dependent on current injury leading to reduced fitness. : :
initial immersion. Spikes in velocity) Bioaccumulation of contaminants at sub-acute Memorandum. When piles are left in
concentration Wi|.| occur levels resulting in chronic physiological place, cut off at least 2 ft below surface
duri | due to effects leading to reduced fitness and/or and cap with clean sedlme_nt. contain
uring remova . 9 and capture sawdust for disposal at
leaching from freshly cut mortality. approved facility
surfaces and dispersal of '
sawdust fragments with high
surface area
Increased stormwater Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Juveniles; All life-history stages: Combined responses to | Require facilities to employ modern, May affect survival, growth, and
and non-point source contaminants, nutrients, altered pH | and spring and summer high Adults altered pH, altered dissolved oxygen levels, low impact development and fitness of juveniles and adults.
pollution levels, altered dissolved oxygen, boat-use periods contaminant exposure, and increased stormwater treatment technology. Reduced adult fitness may lead to
and increased suspended solids as suspended solids as described above. Include operational requirements for decreased spawning success. (Egg and
discussed above capture and recycling of marina wash- | alevin exposure is unlikely as bull trout
down water. Avoid spillage, and and Dolly Varden spawning habitat is
overwater wash-downs. typically in areas unsuitable for marina
and terminal development.)
Riparian Vegetation
Modification
Riverine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round, (pronounced in Long-term to Seasonal Juveniles; Adults and juveniles: Direct mortality caused | Avoid/minimize disturbance of May affect survival, growth, and
increased summer temperatures, winter/summer during solar permanent Adults by exposure to temperatures in excess of riparian vegetation. Maintain system- | fitness of juveniles and adults.

Altered ambient air
temperature regime

decreased winter temperatures)

radiation and ambient
temperature extremes)

(dependent on nature
of riparian impacts).

tolerance thresholds.

Juveniles: Altered growth and fitness caused
by temperatures outside optimal growth range,
and alteration of food web patterns.

Adults: Decreased spawning fitness due to
migration delays caused by thermal barriers.

appropriate riparian buffer widths to
the greatest extent possible.

Reduced adult fitness may lead to
decreased spawning success.
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Table A-9 (continued).

HPA HCP Marinas Exposure and Response Matrix for Bull Trout and Dolly Varden (Native Char).*

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Altered streambank and Increased suspended solids; Year-round (with specific Intermediate-term to | Continuous to Juveniles; Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect survival, growth, and
shoreline stability decreased redd dissolved oxygen; stressors prominent during long-term (dependent | seasonal (dependent Adults availability and foraging opportunities, riparian vegetation. Maintain system- | fitness of juveniles and adults.
decreased area of suitable spawning | high-flow conditions) on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to Reduced adult fitness may lead to
habitat; reduced habitat complexity riparian recovery) effects on growth and fitness. Potential the greatest extent possible. decreased spawning success.
(e.g., filling of pools) habitat avoidance and/or injury and mortality
caused by excessive turbidity as described for
related stressor responses under Water Quality
Modification.
Adults: Decreased spawning success due to
decreased availability of suitable spawning
habitat. Potential migration delay, habitat
avoidance, and/or injury and mortality caused
by excessive turbidity as described for related
stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Juveniles Reduced foraging opportunities due to Avoid/minimize disturbance of May affect survival, growth, and
inputs derived prey resources. Reduced decreased food web productivity, decreased riparian vegetation. Maintain system- | fitness of juveniles.
aquatic food web productivity due growth and fitness. appropriate riparian buffer widths to
to reduction in organic matter the greatest extent possible.
inputs.
Altered habitat Reduced recruitment of large Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Encourage project designs that limit May affect survival, growth, and
complexity woody debris, affecting habitat permanent Adults availability and foraging opportunities, permanent alteration of high-quality fitness of juveniles and adults.
structure, hydraulic and substrate (dependent on nature leading to increased competition and resulting | habitat features. Reduced adult fitness may lead to
complexity, and availability of of activity) effects on growth and fitness. decreased spawning success.
organic subs_trz_ite. Reduced fooq Adults: Increased mortality, and decreased
web productivity, reduced foraging fitness and spawning success due to decreased
opportunity, Tedu_c“O” mn available availability of suitable migratory and
cover, reduction in available S ina habitat
. - pawning habitat.
spawning habitat (freshwater)
Altered groundwater- Reduced available suitable Year-round Permanent Continuous Adults Adults: Decreased availability of thermal Avoid permitting of projects in areas May affect adult survival, growth, and

surface water exchange

spawning habitat; reduced gravel
dissolved oxygen

refuge habitat, resulting in increased thermal
stress, and increased competition for suitable
habitats.

with springs, seeps, or other sources of
significant groundwater recharge.
Limit alteration of riparian vegetation
to greatest extent practicable.

fitness.. Reduced fitness may affect
spawning success.
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Table A-9 (continued).

HPA HCP Marinas Exposure and Response Matrix for Bull Trout and Dolly Varden (Native Char).*

habitat complexity (e.g., through
alteration of aquatic vegetation)

rearing period in spring and

summer)

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles; Adults and juveniles: Riparian shade and Avoid/minimize disturbance of May affect growth and fitness of
increased localized summer summer during solar radiation | permanent Adults ambient temperature have a relatively minor riparian vegetation. Maintain system juveniles and adults. Reduced adult
temperatures) and ambient temperature (dependent on nature effect on nearshore water temperatures relative | appropriate riparian buffer widths to fitness may lead to decreased
extremes) of riparian impacts). to the dominant influence of marine tidal and the greatest extent possible. spawning success.
current patterns, wind conditions, and other
factors. However, adult char trapped in
Altered ambient air habitats isolated by tidal exchange (e.g.,
temperature regime pocket estuaries) may experience increased
temperatures where shade and buffer influence
have been altered, potentially leading to
mortality or increased thermal stress and
decreased fitness.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to Juveniles; Adults and juveniles: Decreased refuge Avoid/minimize disturbance of May affect growth and fitness of
bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent Adults habitat availability and foraging opportunities, | riparian vegetation. Maintain system- | juveniles and adults. Reduced adult
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to fitness may lead to decreased
substrate composition, smothering riparian recovery) effects on growth and fitness. Potential the greatest extent possible. spawning success.
of aquatic vegetation) habitat avoidance and/or injury and mortality
caused by excessive turbidity as described for
related stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles; Adults and juveniles: Char dependence on Avoid/minimize disturbance of May affect growth and fitness of
inputs derived prey resources. Reduced occurs during nearshore Adults autochthonous inputs from marine riparian riparian vegetation. Maintain system- | juveniles and adults. Reduced adult
aquatic food web productivity due rearing period in spring and vegetation is a data gap. However, the appropriate riparian buffer widths to fitness may lead to decreased
to reduced organic matter inputs. summer) dependence on terrestrial insect fall as a food the greatest extent possible. spawning success.
Reduced large woody debris source may be limited as adult char are
recruitment affecting habitat primarily piscivorous. Indirect effects on food
complexity (see below) web productivity may decrease foraging
opportunities, leading to decreased growth and
fitness.
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Juveniles; Adults: Decreased refuge habitat availability Encourage project designs that limit May affect growth and fitness of
complexity woody debris, affecting habitat occurs during nearshore permanent Adults and foraging opportunities, leading to permanent alteration of high-quality juveniles and adults. Reduced adult
structure, hydraulic and substrate rearing period in spring and (dependent on nature increased competition and resulting effects on | habitat features. fitness may lead to decreased
complexity, and availability of summer) of activity) growth and fitness. spawning success.
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover
Altered freshwater input | Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles; Juveniles and adults: Char dependence on Avoid/minimize disturbance of May affect growth and fitness of
productivity; occurs during nearshore Adults groundwater inflow to nearshore marine riparian vegetation. Maintain system juveniles and adults. Reduced adult
rearing period in spring and habitats is currently a data gap. However, appropriate riparian buffer widths to fitness may lead to decreased
summer) reduced food web complexity may lead to the greatest extent possible. spawning success.
decreased foraging opportunities.
Altered groundwater Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles; Avoid disturbance of vegetation along
surface water exchange productivity; secondary effects on occurs during nearshore Adults stream.
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Table A-9 (continued). HPA HCP Marinas Exposure and Response Matrix for Bull Trout and Dolly Varden (Native Char).*

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles; Adults and juveniles: Decreased foraging Design: Site majority of facility May affect growth and fitness at
production in spring and summer when Adults opportunity due to decreased food web offshore to limit grounding and juvenile and adult life-history stages.
vegetation growth is most productivity. Decreased growth and propeller wash effects. Limit project Reduced adult fitness may affect
extensive) reproductive fitness. structural footprint to minimize spawning success.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Adult juveniles: Decreased foraging shading of aquatic v_eget:?tlogto_the May affect survival, growth, and
complexity foraging opportunity, available permanent Adults opportunity due to decreased food web g{/ﬁ@;gﬁfﬁg&?&'gﬁ q ?ﬁoofﬂgn fitness at juvenile and adult life-history
cover, and available spawning (dependent on nature productivity. Decreased growth and b : q ith C 9 " stages. Reduced adult fitness may
habitat (freshwater) of activity) reproductive fitness. Uoys 1h accordance with Lorps o affect spawning success.
Engineers guidance to limit shading
and anchor scour effects.
Construction: Avoid/minimize
disturbance of aquatic vegetation
during project construction.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from propeller
wash, grounding, and anchoring, as
well as reduced ambient light from fine
bubble profusion.
Riverine and
Lacustrine
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles; Adults and juveniles: Char dependence on Design: Site majority of facility May affect growth and fitness of
production in spring and summer when Adults littoral lacustrine vegetation is relatively offshore to limit grounding and juveniles and adults. Reduced adult
vegetation growth is most limited as this species tends to occupy cold propeller wash effects. Limit project fitness may lead to decreased
extensive) water river habitats and deepwater lacustrine structural footprint to minimize spawning success.
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles; habltgts in the PhOt.'C or profundal zoné where | shading of aquatic vegetation to_the
due to reduced photosynthesis in spring and summer when aquatic vegetation is limited or non-existent. greatest extent practicable. Design
v ; : Adults Therefore, modification of aquatic vegetation overwater structures and mooring
egetation growth is most -~ : - - : -
extensive) may have limited direct effects on this species. | buoys in accordance with Corps of
However, such alterations may limit the Engineers guidance to limit shading
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles; productivity of prey species for native char, and anchor scour effects.
complexity reduce_d fo_raglng opportunity, permanent Adults leading to decreased foragmg opportunity and Construction: Avoid/minimize
reduction in available cover, (dependent on nature decreased growth and fitness. disturbance of aquati )
S - . L quatic vegetation
reduction in available spawning of activity) during proiect construction
habitat (freshwater) g proj .
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from propeller
wash, grounding and anchoring.
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Table A-9 (continued).

HPA HCP Marinas Exposure and Response Matrix for Bull Trout and Dolly Varden (Native Char).*

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Riverine
Altered channel Change in habitat structure and Year-round Permanent Continuous Juveniles Juveniles: Altered channel geometry, flow Carefully evaluate project siting and May affect juvenile survival, growth,
geometry habitat suitability, reduced food Adults velocity, and substrate composition can result | design and consider the magnitude of and fitness. May affect adult spawning
web complexity, and reduced in decreased rearing habitat suitability and impact mechanisms produced by the fitness. Effects on spawning and
- spawning and rearing habitat - changes in food web complexity. This may project. Encourage selection of project | freshwater rearing habitat are unlikely,
Altered flow velocity availability and suitability Year-round, with stressor Permanent Seasonal limit foraging opportunities and increase designs that minimize effects on however, as the cold water streams
exposure occurring during competition for suitable habitats, leading to channel geometry, flow velocity, preferred by these species are
h'g.h flow events, fall through decreased growth, fitness, and survival. substrate composition, and unsuitable sites for marina
Spring _ Adults; Changes in channel morphology may groundwate_r exchange to the greatest development.
Altered substrate Year-round Permanent Continuous lead to alteration of the migratory corridor and extent practicable.
composition (including a reduction in suitable resting habitat, leading
placement of non- to increased stress and decreased spawning
erodable substrate) success. Changes in substrate composition
Altered groundwater- Year-round, with stressor Permanent Continuous and stability resulting from altered channel
surface water exchange exposure occurring during egg geometry and flow velocity may lead to
incubation and juvenile decreased spawning success (e.g., through
rearing reduction in suitable spawning locations
and/or increased scour and/or sedimentation of
redds) if potential spawning habitat is affected.
Addition of impervious Alteration in the magnitude, During storm events, Permanent Common Eggs and alevins; All life-history stages: Because the amount of | Encourage facilities to employ modern | Impervious surface at anticipated scale
surface volume, and timing of peak flows predominantly from fall e impervious surface associated with marinas is | low impact development and would not produce stressors of
through spring ' a relatively inconsequential component of the | stormwater treatment technology. sufficient magnitude to adversely
Adults overall drainage area of the larger river affect char at any life-history stage.
systems that would support this type of Effects on spawning and freshwater
development, the magnitude of the hydrologic rearing habitat are also unlikely as the
modification stressor is expected to be cold water streams preferred by these
negligible. As such, this stressor is not species are unsuitable sites for marina
expected to significantly affect the riverine development.
environment, and there will therefore be no
response to the stressor.
Also see Water Quality Modification above.
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Table A-9 (continued).

HPA HCP Marinas Exposure and Response Matrix for Bull Trout and Dolly Varden (Native Char).*

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine
Altered wave energy Change in habitat structure and Year-round, with stressor Permanent Continuous Juveniles; Juveniles and adults: Wave energy, current Carefully evaluate project siting and May affect juvenile and adult survival
habitat suitability, as well as exposure occurring in spring Adults velocity, sediment supply, substrate design and consider the magnitude of and growth.
reduced food web complexity, and summer when juveniles composition, and groundwater inputs are core | impact mechanisms produced by the
habitat availability, and suitability occupy nearshore habitats for ecosystem processes and characteristics that project. Encourage selections of
rearing compose the nearshore ecosystem. Alteration | project designs that minimize effects
Altered current Year-round, with variable Permanent Intermittent in one or more of these parameters can on sediment supply, longshore drift
velocities effects depending on site- fundar_nentally altef marine I|_ttor_a! habitats, patterns, and wave engrgy and current
o . potentially decreasing the suitability of patterns. For example:
specific current dynamics and f inat habitats for adult char. Thi
project configuration oraging habitats for adult char.  This may e  Permeable breakwaters that
- occur through a number of specific stressors, maintain longshore drift patterns
Altered nearshore Year-round, with seasonally Permanent Seasonal including change in current and wave energy
circulation patterns variable effects depending on patterns, food web alterations and decreased *  Suggest alternative designs for
site-specific, geography and foraging opportunity, and increased projects that fragment sources of
bathymetry and project competition for suitable habitats. The sediment recruitment and
configuration combined effect of these stressors can result in groundwater supply
Altered sediment supply Year-round, beginning with Permanent Continuous decreased growth and fitness, and potentially | o Require beach nourishment to
project installation and decreased survival due to predation exposure. maintain substrate and beach
becoming more pronounced profile characteristics where
over time impacts are unavoidable
Altered substrate Year-round, beginning with Permanent Continuous
composition project installation and
becoming more pronounced
over time (e.g., due to
accumulation of shell hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching)
Altered freshwater input Year-round Permanent Continuous
Addition of impervious Increased stormwater and nonpoint | During storm events Permanent Intermittent Juveniles; See Increased Stormwater and nonpoint Require facilities to employ modern Addition of impervious surface
surface source pollution (predominantly from fall Adults source pollution in Water Quality low-impact development and
through spring) Modification discussion. stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
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Table A-9 (continued).

HPA HCP Marinas Exposure and Response Matrix for Bull Trout and Dolly Varden (Native Char).*

Sub- Exposure ]
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Lacustrine
Altered wave energy Change in habitat structure and Year-round, with predominant | Permanent Continuous Juveniles: Juveniles and adults: Wave energy, current Carefully evaluate project siting and May affect juveniles and adult growth
(short-period waves) habitat suitability, reduced food effects from fall through Adults velocity, sediment supply, substrate design and consider the magnitude of and fitness.
web complexity, and reduced spring when wind driven composition, and groundwater inputs are core | impact mechanisms produced by the
habitat availability and suitability waves are most pronounced ecosystem processes and characteristics that project. Encourage selection of project
Altered current Year-round. with effects more | Permanent Common compose the nearshore ecosystem. Alteration des!gns that minimize effects on
S : : : in one or more of these parameters can sediment supply, longshore drift
velocities predominant in reservoirs S .
versus natural lakes fundamentally alter lacustrine littoral habitats. | patterns, and wave energy and current
Use of these habitats by adult char is limited, patterns. For example:
Altered nearshore Year-round, with variable Permanent Seasonal as these species tend to utilize cold, deepwater
- . ! - . ' Permeable breakwaters that
circulation patterns effects t_)y season (e.g., habitats in the photic and profundal zone. * maintain longshore drift patterns
circulation patterns) However, reduction in nearshore habitat S | ive desians
- - ivi i est alternative designs for
Altered sediment suppl Year-round Permanent Continuous productivity may affect abundance of potential | S99
PPYy : prey species, reducing adult foraging projects that fragment sources of
Altered _sgbstrate Year-round Permanent Continuous opportunity and leading to decreased growth sediment recruitment and
composition and fitness. groundwater supply
Altered groundwater- Year-round Permanent Continuous ¢ Require beach nourishment to
surface water exchange maintain substrate and beach
profile characteristics where
impacts are unavoidable.
Addition of impervious Increased stormwater and nonpoint | During storm events Permanent Intermittent Juveniles; See Increased Stormwater and nonpoint Require facilities to employ modern Addition of impervious surface
surface source pollution (predominantly from fall Adults source pollution in Water Quality low-impact development and
through spring) Modification discussion. stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

% For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-10. HPA HCP Marinas Exposure and Response Matrix for Pygmy Whitefish.?

Sub-
Activity
Type

Mechanism of Impact

Exposure

Stressor

Duration

Frequency

Life-history
Form

Marinas and Shipping/Ferry Terminals

Construction and
Maintenance Activities

Response to Stressor

Minimization Measures

Resulting Effects of the Action

Pile driving

Increased underwater

During project

Temporary (auditory

Interannual to

Eggs and larvae;

All life-history stages: Stressor response

Avoid pile-driving noise in excess

Activity may affect survival at

noise levels construction and masking) to short-term | decadal (during Juveniles; dependent on noise magnitude and project-specific | of impact thresholds established by | all life-history stages, depending
maintenance (hearing threshold project construction | Adults environmental conditions; may range from: NOAA Fisheries and USFWS in on project-specific noise
activities effects) and maintenance) e Rupture of egg membrane. habitats used by species. Limit intensity and receptor exposure.
o Fatal injury or permanent auditory tissue pile driving to in-water work Effects on incubating eggs are
damage limiting to survival. windows. Use double-confined unlikely as spawning occurs in
e Increased predation risk and decreased bubble curtain t(l)(re(_jti]qe sounq ; habl_tats théit are _unslunable for
foraging success due to auditory masking pressure, or work within confine marina and termina
and/or temporary hearing threshold effects or dewatered work-areas. development.
that increase risk of predation and/or decrease | Encourage use of vibratory
foraging efficiency due to decreased ability to | hammers and wooden pilings
sense predators and prey. where practicable.
e Increased exertion due to behavioral responses
(e.g., startle and flight) and habitat avoidance,
leading to decreased growth and fitness.
Construction vessel Increased or altered During project Temporary (auditory Interannual to Juveniles, Adults and juveniles: Auditory masking or Avoid/minimize cavitations to May affect survival and
operation ambient noise levels construction and masking) to short-term | decadal (during Adults temporary hearing threshold effects may increase limit noise intensity. Promote use | productivity due to avoidance
maintenance (hearing threshold project construction risk of predation and/or decrease foraging of vessels equipped with antinoise/ | behavior, decreased foraging
activities effects) and maintenance) efficiency due to decreased ability to sense antivibration technology where success, and increased predation
predators and/or prey. practicable. risk.
Channel/work area Fish removal, relocation, | During project Short-term Interannual to Juveniles; Adults and juveniles: Mortality, injury, or stress Use protocols established by May affect survival and
dewatering and exclusion construction and decadal (depending | Adults from capture, handling, and relocation. NOAA Fisheries and productivity at juvenile and adult
activities frequency) reduced growth and fitness, increased predation minimize impacts.
exposure.
Adults: Delayed local migration resulting in
decreased fitness and spawning success.
Entrainment in pumps or | During project Short-term Interannual to Juveniles Juveniles: Injury or mortality from entrainment or | Install and maintain pump screens | May affect survival and fitness
impingement on pump construction and decadal (depending impingement. consistent with WDFW protocols. | at juvenile life-history stage.
screens maintenance on activity Adhere to system-specific in-water
activities frequency) work windows, avoid use when
juveniles are present.
Altered flow conditions During project Short-term Interannual to Eggs-larvae; Eqgs-larvae: Potential substrate scour/or Limit alteration of flow conditions | May affect survival and
(riverine) construction and decadal (depending | Juveniles; sedimentation, resulting in decreased incubation to minimal area. productivity during egg and
maintenance on activity Adults success. juvenile life-history stages, may
activities frequency) Juveniles: Altered habitat suitability, increased affect adult spawning

stress, increased competition, decreased growth
and fitness.

Adults: Delayed migration to spawning stream,
increased stress, decreased spawning fitness.

productivity. Effects on
incubating eggs are unlikely as
spawning occurs in habitats that
are unsuitable for marina and
terminal development.
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Table A-10 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pygmy Whitefish.®

resuspension of
contaminated sediments

activities

All life-history stages: See responses described
for related stressors under Water Quality
Modification.

Sub- Exposure
Activity Life-history
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Altered current and During project Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, increased Limit alteration of current and May affect survival and
circulation conditions construction and decadal (depending | Adults stress, increased competition, decreased growth circulation patterns to greatest productivity during egg and
(lacustrine) maintenance on activity and fitness. extent practicable to minimal area. | larvae life-history stage, may
activities frequency) Adults: Delayed migration, increased stress, affect juvenile productivity; may
decreased spawning fitness. affect a(_iu_lt spawning
productivity.
Stream bed disturbance, During project Temporary Interannual to Eggs-larvae; Eggs-larvae: Potential decreased egg incubation Adhere to system-specific in-water | May affect growth at all life-
increased turbidity construction and decadal (depending | Juveniles; success and larvae survival due to turbidity work windows. Avoid work history stages. Effects on
(associated with site maintenance on activity Adults exposure and substrate disturbance. during egg incubation periods. incubating eggs are unlikely as
rewatering) activities frequency) Juveniles and adults: Stress and behavioral spawning occurs in habitats that
modifications by juveniles and adults exposed to are unsuitable for marina and
sediment pulses, reduced foraging opportunities, terminal development.
and increased predation risk.
Localized alteration in During project Short-term Interannual to Juveniles Juveniles: Short-term reduction in foraging Limit area of dewatering to the May affect growth and
invertebrate abundance construction and decadal (depending opportunity, increased competition, decreased greatest extent practicable. productivity at juvenile life-
maintenance on activity growth and fitness. history stage.
activities frequency)
Increased suspended During project Short-term Interannual to Eggs-larvae; All life-history stages: See responses to related Limit area of dewatering to the See effects for related stressors
solids construction and decadal (depending | Juveniles; stressors under Water Quality Modification. greatest extent practicable. Follow | under Water Quality
maintenance on activity Adults established protocols for Modification. Effects on
activities frequency) dewatering and rewatering. incubating eggs are unlikely as
spawning occurs in habitats that
are unsuitable for marina and
terminal development.
Navigation/maintenance Alteration of bathymetry | During project Permanent Interannual— Eggs-larvae; All life-history stages: See responses described Avoid fill or, if unavoidable, See effects for related stressors
dredging and substrate construction and decadal Juveniles; above under Hydraulic and Geomorphic restore currently filled or degraded | under Hydraulic and
characteristics maintenance Adults Modification. shallow shoreline habitats. Geomorphic Modification.
activities Effects on incubating eggs are
unlikely as spawning occurs in
habitats that are unsuitable for
marina and terminal
development.
Aguatic vegetation During project Intermediate-term Interannual— Juveniles; Juveniles and adults: See responses described Limit dredging-related disturbance | See effects for related stressors
removal and delayed construction and decadal Adults under Aquatic Vegetation Modification. of submerged aquatic vegetation to | under Riparian and Aquatic
recovery maintenance the greatest extent practicable Vegetation Modification.
activities through project siting.
Entrainment of benthic During project Temporary to short- Interannual- Eggs-larvae; Juveniles and Adults: Decreased foraging Avoid turbidity effects above May affect juvenile productivity
organisms, increased construction and term decadal Juveniles; opportunity due to short-term reduction in prey background levels. and fitness. See effects for
suspended solids, maintenance Adults availability. Decreased growth and fitness. related stressors under Water

Quality Modification. Effects on
incubating eggs are unlikely as
spawning occurs in habitats that
are unsuitable for marina and
terminal development.
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Table A-10 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pygmy Whitefish.®

sensitivity thresholds

on facility activity
peaks [stressor
exposure occurs in
spring and summer])

predators and/or prey, increasing risk of predation
and decreasing foraging efficiency.

Sub- Exposure
Activity Life-history
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Facility Operation/ Vessel
Activities
Benthic disturbance from Increased turbidity, Year-round (with Permanent Common Eggs-larvae; All life-history stages: Response to increased Site facilities in deeper water to See effects for related stressors
grounding, anchoring, disturbed benthic area intensity dependent Juveniles; turbidity exposure as described for related avoid suspension of sediments under Water Quality
and/or prop wash on facility activity Adults stressors under Water Quality Modification. from prop wash and grounding. Modification and Hydraulic and
peaks) Response to benthic disturbance as described for Prevent or discourage anchoring Geomorphic Modification.
Hydraulic and Geomorphic Modification. and provide alternatives such as Effects on incubating eggs are
mooring buoys designed in unlikely as spawning occurs in
accordance with USACE guidance. | habitats that are unsuitable for
marina and terminal
development.
Freshwater aquatic Year-round (effects | Permanent Intermittent to juveniles Juveniles: Pygmy whitefish dependence on Site facilities in deeper water to Effects of stressor exposure are
vegetation disturbance most prevalent common aquatic vegetation is currently a data gap. avoid suspension of sediments currently a data gap.
during spring and from prop wash and grounding.
summer growth Prevent or discourage anchoring,
periods with and provide alternatives such as
intensity dependent mooring buoys designed in
on activity) accordance with USACE guidance.
Vessel maintenance and Exposure to altered pH, Year-round (with Permanent Intermittent to Eggs-larvae; All life-history stages: Combined responses to Avoid and prohibit ballast water See effects for related stressors
operational discharges altered dissolved oxygen, | intensity dependent common Juveniles; altered pH, contaminants, and increased suspended | discharge. Provide for upland under Water Quality
and contaminants, as on facility activity Adults solid exposure as described for related stressors discharge of ballast water where Modification. Effects on
described for related peaks) Water Quality Modification. practicable incubating eggs are unlikely as
stressors under Water spawning occurs in habitats that
Quality Modification are unsuitable for marina and
terminal development.
Introduction of non-native | Year round (with Permanent (once Common Eggs-larvae; All life-history stages: Altered predator/prey Require permitted facilities to May affect survival at all life-
species intensity dependent | invasive species are introductions with | Juveniles; interactions and food web structure; exposure to adhere to ballast water history stages. Effects on
on facility activity established) interannual to Adults non-native pathogens. management regulations. Provide | incubating eggs are unlikely as
peaks) decadal for upland discharge of ballast spawning occurs in habitats that
colonization events water where practicable. are unsuitable for marina and
terminal development.
Increased or altered ambient | Auditory masking and/or | Year-round (with Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration May affect growth, fitness, and
noise levels alteration of hearing intensity dependent intermittent Adults hearing threshold effects decrease ability to sense | limits; avoid propeller cavitation. survival due to avoidance

behavior, decreased foraging
success, and increased predation
risk.
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Table A-10 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pygmy Whitefish.®

toxic substances

Introduction of toxic
substances

impact

(e.g., reexposure of
buried contaminants)
dependent on
contributing
mechanism of impact

on contributing
mechanism of
impact)

Juveniles and adults: Avoidance, mortality,
increased stress, reduced growth and fitness, tissue
bioaccumulation, increased disease incidence, and
reduced additional stressor toleration, habitat
avoidance, altered or delayed migration behavior.

Sub- Exposure
Activity Life-history
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Ambient light modification | Daytime shading from Year-round from Permanent Daily Juveniles Juveniles: May reduce foraging success during Design facilities so majority of May affect growth and survival.
structures and moored sunrise to sunset juvenile stage in shallow stream and lake shoreline | structural and moorage shading
vessel hulls, creating light | (stressor exposure areas. occurs offshore away from
contrasts requiring visual | oceurs in spring and submerged aquatic vegetation,
and behavioral adaptation | symmer) migration corridors between
streams and lakes, and foraging
habitats. Allow at least 10™ ft-c
light under dock structure to limit
changes in ambient light
conditions. However, Pygmy
whitefish behavioral responses to
changes in ambient light levels is a
data gap.
Nighttime artificial Year-round from Permanent Daily Juveniles Juveniles: Attraction to lighted area, delaying or Reduce and shield facility and May affect juvenile survival.
facility and vessel sunset to sunrise altering migration. Increased predation exposure. | vessel lighting to limit nighttime However, effects of stressor
lighting, creating light (stressor exposure However, the risk of increased predation of Pygmy | illumination of the underwater exposure are currently a data
contrasts requiring visual | oceurs in spring and whitefish in response to artificial nighttime environment. gap.
and behavioral adaptation summer) lighting is presently a data gap.
Water Quality
Modification
Increased suspended Dependent on Temporary to short- Intermittent to Eggs-larvae; Eggs-larvae: Turbidity sufficient to cause fine Ensure project design avoids May affect juvenile growth and
solids contributing term (dependent on interannual— Juveniles; sediment embeddedness may lead to direct and/or minimizes habitat fitness and adult productivity
mechanism of contributing decadal (dependent | Adults mortality and decreased survival of eggs. alterations leading to chronic bank | and spawning success. Effects
impact mechanism of impact) | on contrjbuting Juveniles and adults: Responses vary depending insta}bility. Avoid short-term on incuba}ting eggs are unl_ikely
mechanism of on stressor magnitude. Unavoidable extreme turbidity effects above background | as spawning occurs in habitats
impact) turbidity may cause physical injury and/or levels to greatest extent that are unsuitable for marina
physiological effects (.g., gill trauma, altered practicable. Adhere to established | and terminal development.
osmoregulation, blood chemistry changes). protocols for managing sediment
Moderate to high turbidity may cause behavioral | and turbidity.
alteration (e.g., avoidance responses) leading to
increased territoriality, reduced foraging
opportunity, increased predation exposure, and
altered migration behavior.
Adults: Reduction in suitable spawning habitat
(due to substrate embeddedness) and reduced
spawning success.
Resuspension of Dependent on Temporary to short- Intermittent to Eggs-larvae; Eggs-larvae: Decreased survival, increased Identify and demarcate all areas May affect survival, growth, and
contaminated sediments, contributing term (e.g., operational | interannual— Juveniles; incidence of developmental abnormalities leading | with contaminated sediments, fitness at larval juvenile life-
resulting in exposure to mechanism of spills) to long-term decadal (dependent | Adults to decreased survival and fitness. manage and avoid causes of history stage. Reduced growth

sediment disturbance (e.g., define
and maintain vessel speed limits in
sensitive areas). Ensure
procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of
non-toxic, biodegradable lubricants
in construction vessels.

and fitness may affect adult
spawning productivity. Effects
on incubating eggs are unlikely
as spawning occurs in habitats
that are unsuitable for marina
and terminal development.
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Table A-10 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pygmy Whitefish.®

Sub-
Activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history
Form

Response to Stressor

Minimization Measures

Resulting Effects of the Action

Altered dissolved oxygen

Dependent on

Temporary to short-

Intermittent to

Eggs and larvae;

All life-history stages: Mortality in acute low

Avoid sediment pulses. Limit

May affect juvenile survival and

levels contributing term (e.g., permanent Juveniles; dissolved oxygen events due to nutrient inputs associated with adult survival, and spawning
mechanism of contaminant spill or (dependent on Adults asphyxiation.(dissolved oxygen levels should be discharges of wastewater and gray | productivity. Effects on
impact discharge) to seasonal | contributing >5 ppm). water. Other mechanism-specific incubating eggs are unlikely as
(e.g., reduced mechanism of Juveniles and adults: Physiological responses to measures as appropriate. spawning occurs in habitats that
submerged aquatic impact) exposure at toxic levels causing mortality or injury are unsuitable for marina and
vegetation leading to reduced fitness. Bioaccumulation of terminal development.
productivity due to contaminants at subacute levels resulting in
changes in ambient chronic physiological effects leading to reduced
light patterns) fitness and/or mortality.
dependent on
contributing
mechanism of impact
Altered pH levels Dependent on Temporary to short- Intermittent to Eggs-larvae; All life-history stages: Physiological responses to | Avoid sediment pulses. Limit May affect survival of juveniles
contributing term (dependent on interannual- Juveniles; pH levels outside of optimal thresholds, causing nutrient inputs with wastewater and adults. Effects on
mechanism of contributing decadal (dependent | Adults mortality or injury leading to reduced fitness. and gray water holding and no incubating eggs are unlikely as
impact mechanism of impact) | on contributing direct waste discharge. spawning occurs in habitats that
mechanism of are unsuitable for marina and
impact) terminal development.
Use of creosote-treated Leaching of polycyclic Leaching begins Long-term (with Continuous with Eggs-larvae; All life-history stages: Physiological responses to | Promote removal of creosote- May affect survival of juveniles
wood aromatic hydrocarbons upon installation, decreasing seasonal pulses Juveniles; exposure at toxic levels, causing mortality or treated wood and prevent new uses | and adults. Effects on
(PAHS) with highest levels concentration intensity | (associated with Adults injury leading to reduced fitness. Bioaccumulation | in accordance with pertinent incubating eggs are unlikely as
after initial over time) high water of contaminants at subacute levels, resulting in regulations. Avoid use of other spawning occurs in habitats that
immersion, followed temperature and chronic physiological effects leading to reduced treated wood products where are unsuitable for marina and
by peaks during current velocity) fitness and/or mortality. practicable. Use alternative terminal development.
periods of increased materials such as concrete,
temperatures and galvanized steel, plastic lumber,
higher flows. recycled plastics, and plastic
Leaching more coatings where practicable. Where
pronounced when treated wood is necessary, use
used in fresh water. dense-grained material to limit
Spikes in leaching. Use plastic or metal
concentration will cuffs at abrasion points to avoid
occur during fragmentation and release of
removal due to treated wood particulates.
leaching from Removal: Completely remove
freshly cut surfaces treated wood where practicable,
and dispersal of consistent with WDNR Standard
sawdust fragments Practice Memorandum. When
with high surface piles are left in place, cut off at
area. least 2 ft below surface and cap
Use of ACZA- and CCA Leaching of metals (Cu, | Leaching begins Intermediate-term Continuous with Eggs-larvae; Alll life-history stages: Physiological responses to | With clean sediment. Contain and
type C-treated wood As, Cr, Zn) upon installation, seasonal pulses Juveniles; exposure at toxic levels, causing mortality or capture sawdust for disposal at
with highest levels (dependent on Adults injury leading to reduced fitness. Bioaccumulation | @Pproved facility.

occurring within 7
months of initial
immersion

current velocity)

of contaminants at subacute levels, resulting in
chronic physiological effects leading to reduced
fitness and/or mortality.
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Table A-10 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pygmy Whitefish.®

ambient temperature
extremes)

or less).

Adults and juveniles: Direct mortality caused by
exposure to temperatures in excess of tolerance
thresholds.

Adults: Decreased spawning fitness due to
migration delays caused by thermal barriers.

Sub- Exposure
Activity Life-history
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Increased stormwater and Combined effects of Fall and winter rain | Permanent Intermittent Eggs-larvae; All life-history stages: Combined responses to Require facilities to employ May affect survival, growth, and
nonpoint source pollution altered pH, contaminants, | events, and spring Juveniles altered pH, altered dissolved oxygen levels, modern low-impact development productivity at larvae, juvenile,
and nutrients, altered and summer high Adults contaminant exposure, and increased suspended and stormwater treatment and adult life-history stages.
dissolved oxygen, and boat-use periods solids. technology. Include operational May affect adult spawning
increased suspended requirements for capture and productivity. Effects on
solids recycling of marina washdown incubating eggs are unlikely as
water. Avoid spillage and spawning occurs in habitats that
overwater washdowns. are unsuitable for marina and
terminal development.
Riparian and Shoreline
Vegetation Modification
Riverine
Altered riparian shading Expansion of thermal Year-round, Long-term to Seasonal Eggs-larvae; Eggs-larvae: Direct mortality due to winter ice Avoid/minimize disturbance of May affect larval, juvenile, and
regime (i.e., increased (pronounced in permanent (dependent Juveniles; formation and scour. riparian vegetation. Maintain adult growth and fitness. Effects
summer temperatures, winter/summer on nature of riparian Adults Juveniles: Altered growth and productivity caused | System-appropriate riparian buffer | on incubating eggs are unlikely
Altered ambient air decreased winter during solar impacts) by temperatures outside optimal growth range, and | Widths to the greatest extent as spawning occurs in habitats
temperature regime temperatures) radiation and alteration of food web patterns (optimal range 50°F | Possible. that are unsuitable for marina

and terminal development.

Altered stream bank and
shoreline stability

Increased suspended
solids; decreased
dissolved oxygen;
decreased area of suitable
spawning habitat; reduced
habitat complexity (e.g.,
filling of pools)

Year-round (with
specific stressors
prominent during
high flow
conditions)

Intermediate-term to
long-term (dependent
on time required for
riparian recovery)

Continuous to
seasonal
(dependent on
specific stressor)

Eggs and larvae;
Juveniles;
Adults

Eqggs-larvae: Decreased incubation success due to
decreased dissolved oxygen as described for
related stressor responses under Water Quality
Modification.

Juveniles: Decreased refuge habitat availability
and foraging opportunities, leading to increased
competition and resulting effects on growth and
fitness. Potential habitat avoidance and/or injury
and mortality caused by excessive turbidity as
described for related stressor responses under
Water Quality Modification.

Adults: Decreased spawning success due to
decreased availability of suitable spawning habitat.
Potential migration delay, habitat avoidance,
and/or injury and mortality caused by excessive
turbidity, as described for related stressor
responses under Water Quality Modification.

Avoid/minimize disturbance of
riparian vegetation. Maintain
system-appropriate riparian buffer
widths to the greatest extent
possible.

May affect survival during
incubation, rearing, and
spawning.

Altered allochthonous
inputs

Reduced recruitment of
terrestrially derived prey
resources; reduced aquatic
food web productivity due
to reduction in organic
matter inputs

Year-round

Permanent

Continuous

Juveniles

Pygmy whitefish dependency upon allochthonous
input is a data gap. However, Pygmy whitefish
feed on zooplankton and aquatic insects that could
be associated with terrestrial riparian inputs.
Reduced foraging opportunities due to decreased
food web productivity, decreased growth and
fitness.

Avoid/minimize disturbance of
riparian vegetation. Maintain
system-appropriate riparian buffer
widths to the greatest extent
possible.

May affect juvenile rearing
growth and fitness.
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Table A-10 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pygmy Whitefish.®

inputs

terrestrially derived prey
resources; reduced aquatic
food web productivity due
to reduction of organic
matter inputs

exposure occurs
during nearshore
rearing period in
spring and summer)

terrestrial insect resources recruited from the
riparian zone. Alteration of vegetation will result
in decreased foraging opportunities, decreased
growth and fitness, and decreased productivity.

Sub- Exposure
Activity Life-history
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Altered habitat complexity Reduced recruitment of Year-round Short-term to Continuous Larvae; Larvae and juveniles: Decreased foraging Encourage project designs that May affect larval and juvenile
large woody debris, permanent (dependent Juveniles; opportunities, leading to increased competition and | limit permanent alteration of high- | survival, growth, and
affecting habitat structure, on nature of activity) Adults resulting effects on growth and fitness. quality habitat features. productivity. May affect adult
hydraulic and substrate Adults: Increased mortality; decreased fitness and spawning productivity. Note
complexity, and spawning success due to decreased pool that stressor exposure is unlikely
availability of organic availability and availability of suitable spawning to occur, as spawning habitats
substrate. Reduced food habitat. are typically located in areas
web productivity, reduced unsuitable for marina and
foraging opportunity, terminal development.
reduction in available
cover, reduction in
available spawning
habitat.
Altered groundwater— Reduced available Year-round Permanent Continuous Eggs and larvae; | Eggs-larvae: Decreased incubation success. Avoid disturbance of vegetation May affect survival of eggs-
surface water exchange suitable spawning habitat; Adults Adults: Decrease in suitable spawning habitat, along stream. larvae and adult spawning
reduced gravel dissolved increased competition, decreased spawning fitness productivity. Note that stressor
oxygen and success. exposure is unlikely to occur, as
spawning habitats are typically
located in areas unsuitable for
marina and terminal
development.
Lacustrine
Altered riparian shading Expansion of thermal Year-round, Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival.
regime (i.e., increased (pronounced in permanent (dependent temperature have a relatively minor effect on riparian vegetation. Maintain
summer temperatures, winter/summer on nature of riparian nearshore water temperatures relative to the system-appropriate riparian buffer
decreased winter during solar impacts) dominant influence of currents, wind conditions, widths to the greatest extent
temperatures). Pygmy radiation and and other factors. However, juveniles trapped in possible.
whitefish depend on cold | ambient temperature habitats with isolated water level changes may
Altered ambient air water of 50_°F or less. extremes) experience increased temperatures where shade
temperature regime Therefore, increased and buffer influence has been altered, potentially
temperatures will limit leading to mortality or increased thermal stress and
suitable habitat. decreased fitness.
Altered shoreline and bluff Increased suspended Year-round (with Intermediate-term to Continuous to Juveniles Juveniles: Decreased refuge habitat availability Avoid/minimize disturbance of May affect juvenile survival.
stability solids; secondary effects primary stressor long-term (dependent | seasonal and foraging opportunities, leading to increased riparian vegetation. Maintain
on habitat complexity prominent during on time required for (dependent on competition and resulting effects on growth and system-appropriate riparian buffer
(e.g., through change in high wave energy riparian recovery) specific stressor) fitness. Potential habitat avoidance and/or injury widths to the greatest extent
substrate composition, conditions) and mortality caused by excessive turbidity, as possible.
smothering of aquatic described for related stressor responses under
vegetation) Water Quality Modification.
Altered allochthonous Reduced recruitment of Year-round (stressor | Permanent Continuous Juveniles Juveniles: Pygmy whitefish are known to use Avoid/minimize disturbance of May affect juvenile growth and

riparian vegetation. Maintain
system-appropriate riparian buffer
widths to the greatest extent
possible.

fitness.
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Table A-10 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pygmy Whitefish.®

foraging opportunity,
reduction in available
cover, reduction in
available spawning
habitat

on nature of activity)

competition and resulting effects on growth and
fitness.

Adults: Increased mortality; decreased fitness and
spawning success due to decreased availability of
suitable migratory and spawning habitat.

Sub- Exposure
Activity Life-history
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Altered habitat complexity Reduced recruitment of Year-round (stressor | Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat availability Encourage project designs that May affect juvenile survival and
large woody debris, exposure occurs permanent (dependent and foraging opportunities, leading to increased limit permanent alteration of high- | productivity, spawning success,
affecting habitat structure, | during nearshore on nature of activity) competition and resulting effects on growth and quality habitat features. and overall population
hydraulic and substrate rearing period in fitness. productivity.
complexity, and spring and summer)
availability of organic
substrate. Reduced food
web productivity, reduced
foraging opportunity,
reduction in available
cover.
Altered groundwater— Reduced aquatic food Year-round (stressor | Permanent Continuous Juveniles Juveniles: Whitefish dependence upon Avoid disturbance of vegetation Effects of the action resulting
surface water exchange web productivity; exposure occurs groundwater inflow is currently a data gap. along shoreline. from this impact mechanism are
secondary effects on during nearshore unknown.
habitat complexity (e.g., rearing period in
through alteration of spring and summer)
aquatic vegetation)
Aquatic Vegetation
Modification
Riverine and Lacustrine
Altered autochthonous Reduced food web Year-round (most Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities due to | Design: Site majority of facility May affect juvenile productivity.
production productivity pronounced in decreased food web productivity; decreased offshore to limit grounding and
spring and summer growth and fitness. prop wash effects. Limit project
when vegetation structural footprint to minimize
growth is most shading of aquatic vegetation to
extensive) the greatest extent practicable.
Altered DO levels due to | Year-round (most Permanent Seasonal Juveniles; Juveniles and adults: See related stressor Design overwater structures and See effects for related stressors
reduced photosynthesis. | pronounced in Adults responses under Water Quality Alteration. mooring buoys in accordance with | ;nqer Water Quality
spring and summer USACE guidance to limit shading | \ogification.
when vegetation and anchor scour effects.
growth is most Construction: Avoid/minimize
extensive) disturbance of aquatic vegetation
Altered habitat complexity | Reduced food web Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat availability during project construction. May affect juvenile survival and
productivity, reduced permanent (dependent Adults and foraging opportunities, leading to increased Operation: Enforce vessel adult spawning productivity.

operation rules to limit submerged
aquatic vegetation damage from
prop wash, grounding, and
anchoring.
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Table A-10 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pygmy Whitefish.®

Sub- Exposure
Activity Life-history
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Hydraulic and
Geomorphic Modification
Riverine
Altered channel geometry Change in habitat Year-round Permanent Continuous Eggs-larvae Eqggs-larvae: Changes in channel morphology, Carefully evaluate project siting May affect survival and
structure and habitat Juveniles flow velocity, and substrate composition can alter | and design and consider the productivity at egg, larvae, and
suitability, reduced food Adults substrate composition and stability, leading to magnitude of impact mechanisms juvenile life-history stages. May
web complexity, reduced decreased egg incubation success and survival. produced by the project. affect spawning productivity.
spawning and rearing Pygmy whitefish dependence on groundwater Encourage selection of project Note that stressor exposure is
habitat availability and inflow for incubation success is currently a data designs that minimize effects on unlikely to occur, as riverine
suitability gap. channel geometry, flow velocity, habitats used by this species are
Altered flow velocity Year-round (with Permanent Seasonal Juveniles: Altered channel geometry, flow substrate composition, and typically unsuitable for marina
stressor exposure velocity, and substrate composition can result in groundwater exchange to the and terminal development.
occurring during decreased rearing habitat suitability and changes in | dreatest extent practicable.
high-flow events fall food web complexity. This may limit foraging
through spring) opportunities and increase competition for suitable
Altered substrate Year-round Permanent Continuous habitats, leading to decreased growth, fitness, and
composition (including survival.
placement of non-erodable Adults: Changes in channel morphology may lead
substrate) to alteration of the migratory corridor and a
Altered groundwater inputs Year-round (with Permanent Continuous reduction in suitable resting habitat, leading to
stressor exposure mcreased_ stress and decreaseq Spawning success.
occurring during Changes in substrate composition and stability
egg incubation and result_lng from altered channel geometry and flow
; ; ; velocity may lead to decreased spawning success
juvenile rearing) A ;
(e.g., through reduction in suitable spawning
locations and/or increased scour and/or
sedimentation of spawning areas) if potential
spawning habitat is affected
Addition of impervious Alteration in the During storm events | Permanent Common Eggs-larvae; All life-history stages: Because the amount of Encourage facilities to employ Depending on the size of the
surface magnitude, volume, and (predominantly Juveniles; impervious surface associated with marinas is a modern low-impact development additional impervious surface,
timing of peak flows from fall through Adults relatively inconsequential component of the and stormwater treatment the additional amount of
spring) overall drainage area of the larger river systems technology. impervious surface may not
that would support this type of development, the affect the streamflow at a scale
magnitude of the hydrologic modification stressor to become a stressor for
is expected to be negligible. As such, this stressor whitefish.
is not expected to significantly affect the riverine
environment, and there will be no response to the
stressor.
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Table A-10 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pygmy Whitefish.®

Sub- Exposure
Activity Life-history
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Lacustrine
Altered wave energy (short- | Change in habitat Year-round (with Permanent Continuous Juveniles; Juveniles and adults: Wave energy, current Carefully evaluate project siting May affect survival and
period waves) structure and habitat predominant effects Adults velocity, sediment supply, substrate composition, and design and consider the productivity at juvenile life-
suitability, reduced food from fall through and groundwater inputs are core ecosystem magnitude of impact mechanisms history stage. Decreased adult
web complexity, habitat spring when wind- processes and characteristics that compose the produced by the project. fitness may lead to reduced
availability and suitability | driven waves are nearshore ecosystem. Alteration in one or more of | Encourage selection of project spawning productivity.
most pronounced) these parameters can fundamentally alter lacustrine | designs that minimize effects on
Altered current velocities Year-round (with Permanent Common littoral habitats, potentially decreasing the sediment supply, longshore drift
effects more suitability of rearing habitat for juvenile and adult | patterns, and wave energy and
predominant in whitefish. This may occur through a number of current patterns. For example:
rESErVOirs Versus specific stressors, including increased exertionand | ¢  Permeable breakwaters that
natural lakes) stress due_ to change in current and wave energy maintain longshore drift
- patterns, increased predation exposure due to patterns.
Altered_nearshore Yez_ar-round (with Permanent Seasonal reduced cover or exposure to deep water habitat, e  Suggest alternative designs for
circulation patterns variable effects by food web alterations and decreased foraging projects that fragment sources
season [e.g., opportunity, and increased competition for suitable of sediment recruitment and
circulation habitats. The combined effect of these stressors groundwater supply.
pattems]) can result in decreased growth, fitness, and e Require lake beach
Altered groundwater inputs Year-round Permanent Continuous productivity, as well as direct mortality. nourishment to maintain
Altered sediment supply Year-round Permanent Continuous substrate and beach profile
- characteristics where impacts
Altered substrate Year-round Permanent Continuous are unavoidable.
composition

 For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.

ab 0:\proj\y2007\07-03621-000\word processing\reports\white papers\marinas\appendix\apx-a\07-03621-000 apx-a matrix10-pygmywhitefish-new.doc

Working Draft-Do Not Cite
Marinas and Shipping/Ferry Terminals

Appendix A Table A-10 Page 10 of 10

Washington Department of Fish and Wildlife

March 2008



Construction and
Maintenance Activities

Marinas and Shipping/Ferry Terminals

Table A-11. HPA HCP Marinas Exposure and Response Matrix for Olympic Mudminnow.?
Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism

increased suspended solids,
resuspension of contaminated
sediments

maintenance activities

Pile driving Increased underwater noise levels During project construction and Temporary (auditory masking) Interannual to decadal (during N/A N/A N/A
maintenance activities to short-term (hearing threshold | project construction and
effects) maintenance)
Construction vessel Increased or altered ambient noise During project construction and Temporary (auditory masking) | Interannual to decadal (during N/A N/A N/A
operation levels maintenance activities to short-term (hearing threshold | project construction and
effects) maintenance)
Channel/work area Fish removal, relocation, and During project construction and Short-term Interannual to decadal (depending | N/A N/A N/A
dewatering exclusion maintenance activities on activity frequency)
Entrainment in pumps or During project construction and Short-term Interannual to decadal (depending | N/A N/A N/A
impingement on pump screens maintenance activities on activity frequency)
Altered flow conditions (riverine) During project construction and Short-term Interannual to decadal (depending | N/A N/A N/A
maintenance activities on activity frequency)
Altered current and circulation During project construction and Short-term Interannual to decadal (depending | N/A N/A N/A
conditions (lacustrine) maintenance activities on activity frequency)
Stream bed disturbance, increased During project construction and Temporary Interannual to decadal (depending | N/A N/A N/A
turbidity (associated with site maintenance activities on activity frequency)
rewatering)
Localized alteration in invertebrate During project construction and Short-term Interannual to decadal (depending | N/A N/A N/A
abundance maintenance activities on activity frequency)
Increased suspended solids. During project construction and Short-term Interannual to decadal (depending | N/A N/A N/A
maintenance activities on activity frequency)
Navigation/ maintenance Alteration of bathymetry and During project construction and Permanent Interannual-decadal N/A N/A N/A
dredging substrate characteristics maintenance activities
Aquatic vegetation removal and During project construction and Intermediate-term Interannual-decadal N/A N/A N/A
delayed recovery maintenance activities
Entrainment of benthic organisms, During project construction and Temporary to short-term Interannual-decadal N/A N/A N/A

This species does not occur
in habitats suitable for
marina and terminal
development; therefore, there
is no potential for exposure
to construction-related
impact mechanisms and
related stressors.
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Table A-11 (continued).

HPA HCP Marinas Exposure and Response Matrix for Olympic Mudminnow.?

penetration due to surface
reflectance from fine bubble
profusion produced by propeller
action

intensity dependent on facility activity
peaks (stressor exposure occurring in spring
and summer)

Sub- Exposure )
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Facility Operation/ Vessel
Activities
Benthic disturbance from Increased turbidity, disturbed Year-round (with intensity dependent on Permanent Common N/A N/A N/A This species does not occur
grounding, anchoring, and/or | benthic area facility activity peaks) in habitats suitable for
prop wash Eelgrass and macroalgae disturbance | Year-round (effects most prevalent during Permanent Intermittent to common N/A N/A N/A ([;:1,:?3 ?Tr]'gntf rtr;:(lerrglore there
spring and summer growth periods with is no gtent'a{l for e oé e
intensity dependent on activity) ! potential Tor eXposu
to operational impact
Freshwater aquatic vegetation Year-round (effects most prevalent during Permanent Intermittent to common N/A N/A N/A mechanisms and related
disturbance spring and summer growth periods with stressors.
intensity dependent on activity)
Vessel maintenance and Exposure to altered pH, altered Year round (with intensity dependent on Permanent Intermittent to common N/A N/A N/A
operational discharges dissolved oxygen, and contaminants, | facility activity peaks)
as described for related stressors
under Water Quality Modification
Introduction of non-native species Year round (with intensity dependent on Permanent (once invasive Common introductions with N/A N/A N/A
facility activity peaks) species are established) interannual to decadal
colonization events
Increased or altered ambient | Auditory masking and/or alteration Year-round, with intensity dependent on Permanent Continuous to intermittent N/A N/A N/A
noise levels of hearing sensitivity thresholds facility activity peaks (stressor exposure
occurring in spring and summer)
Ambient light modification Daytime shading from structures Year-round, from sunrise to sunset (stressor | Permanent Daily N/A N/A N/A
and moored vessel hulls, creating exposure occurs in spring and summer)
light contrasts requiring visual and
behavioral adaptation
Nighttime artificial facility and Year-round, from sunset to sunrise (stressor | Permanent Daily N/A N/A N/A
vessel lighting, creating light exposure occurs in spring and summer)
contrasts requiring visual and
behavioral adaptation
Marine systems: Decreased light Year-round, from sunrise to sunset, with Permanent Continuous to intermittent N/A N/A N/A
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Table A-11 (continued).

HPA HCP Marinas Exposure and Response Matrix for Olympic Mudminnow.?

Sub-
Activity
Type

Resulting Effects of the
Submechanism

Exposure
Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures
Water Quality
Modification
Increased suspended solids Dependent on contributing mechanism of Temporary to short-term Intermittent to interannual— N/A N/A N/A
impact (dependent on contributing decadal (dependent on
mechanism of impact) contributing mechanism of
impact)
Resuspension of contaminated Dependent on contributing mechanism of Temporary to short-term (e.g., Intermittent to interannual— N/A N/A N/A
sediments, resulting in exposure to impact operational spills) to long-term | decadal (dependent on
toxic substances (e.g., reexposure of buried contributing mechanism of
Introduction of toxic substances contaminants) depending on impact)
contributing mechanism of
impact
Altered dissolved oxygen levels Dependent on contributing mechanism of Temporary to short-term (e.g., Intermittent to permanent N/A N/A N/A
impact contaminant spill or discharge) | (dependent on contributing
to seasonal (e.g., reduced mechanism of impact)
submerged aquatic vegetation
productivity due to changes in
ambient light patterns)
depending on contributing
mechanism of impact
Altered pH levels Dependent on contributing mechanism of Temporary to short-term Intermittent to interannual— N/A N/A N/A
impact (depending on contributing decadal (dependent on
mechanism of impact) contributing mechanism of
impact)
Use of creosote-treated wood | Leaching of polyaromatic Leaching begins upon installation, with Long-term (with decreasing Continuous with seasonal pulses N/A N/A N/A
hydrocarbons (PAHSs) highest levels after initial immersion, concentration intensity over (associated with high water
followed by peaks during periods of time) temperature and current velocity)
increased temperatures and higher flows.
Leaching more pronounced when used in
freshwater. Spikes in concentration will
occur during removal due to leaching from
freshly cut surfaces and dispersal of
sawdust fragments with high surface area.
Use of ACZA- and CCA Leaching of metals (Cu, As, Cr, Zn) | Leaching begins upon installation, with Intermediate-term Continuous with seasonal pulses N/A N/A
type C-treated wood highest levels occurring within 7 months of (dependent on current velocity)
initial immersion
Increased stormwater and Combined effects of altered pH, Fall and winter rain events, and spring and Permanent Intermittent N/A N/A N/A

nonpoint
source pollution

contaminants, nutrients, altered
dissolved oxygen, and increased
suspended solids

summer high boat-use periods

This species does not occur
in habitats suitable for
marina and terminal
development; therefore, there
is no potential for exposure
to related water quality
modification impact
mechanisms and stressors.
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Table A-11 (continued).

HPA HCP Marinas Exposure and Response Matrix for Olympic Mudminnow.?

water exchange

productivity; secondary effects on
habitat complexity (e.g., through
alteration of aquatic vegetation)

during nearshore rearing period in spring
and summer)

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Riparian and Shoreline
Vegetation Modification
Riverine
Altered riparian shading Expansion of thermal regime (i.e., Year-round (pronounced in winter/summer | Long-term to permanent Seasonal N/A N/A N/A This species does not occur
increased summer temperatures, during solar radiation and ambient (dependent on nature of in habitats suitable for
decreased winter temperatures) temperature extremes) riparian impacts) marina and terminal
Altered ambient air development; therefore, there
temperature regime is no potential for exposure
to related riparian vegetation
Altered stream bank and Increased suspended solids; Year-round (with specific stressors Intermediate-term to long-term | Continuous to seasonal N/A N/A N/A mOd'f'C‘?t'on impact
shoreline stability decreased redd dissolved oxygen; prominent during high flow conditions) (dependent on time required for | (dependent on specific stressor) mechanisms and stressors.
decreased area of suitable spawning riparian recovery)
habitat; reduced habitat complexity
(e.g., filling of pools)
Altered allochthonous inputs | Reduced recruitment of terrestrially | Year-round Permanent Continuous N/A N/A N/A
derived prey resources; reduced
aquatic food web productivity due to
reduction in organic matter inputs
Altered habitat complexity Reduced food web productivity, Year-round Short-term to permanent Continuous N/A N/A N/A
reduced foraging opportunity, (dependent on nature of
reduction in available cover, activity)
reduction in available spawning
habitat (freshwater)
Altered groundwater—surface | Reduced available suitable Year-round Permanent Continuous N/A N/A N/A
water exchange spawning habitat; reduced gravel
dissolved oxygen
Lacustrine
Altered riparian shading Expansion of thermal regime (i.e., Year-round, (pronounced in winter/summer | Long-term to permanent Seasonal N/A N/A N/A This species does not occur
increased summer temperatures, during solar radiation and ambient (dependent on nature of in habitats suitable for
decreased winter temperatures). temperature extremes) riparian impacts) marina and terminal
development, therefore there
is no potential for exposure
Altered ambient air to re_Ia_ted _ripa_rian vegetation
temperature regime modification impact
mechanisms and stressors.
Altered shoreline and bluff Increased suspended solids; Year-round (with primary stressor Intermediate-term to long-term | Continuous to seasonal N/A N/A N/A
stability secondary effects on habitat prominent during high wave energy (dependent on time required for | (dependent on specific stressor)
complexity (e.g., through change in | conditions) riparian recovery)
substrate composition, smothering
of aquatic vegetation)
Altered allochthonous inputs | Reduced recruitment of terrestrially | Year-round (stressor exposure occurs Permanent Continuous N/A N/A N/A
derived prey resources. Reduced during nearshore rearing period in spring
aquatic food web productivity due to | and summer)
reduction of organic matter inputs
Altered habitat complexity Reduced food web productivity, Year-round (stressor exposure occurs Short-term to permanent Continuous N/A N/A N/A
reduced foraging opportunity, during nearshore rearing period in spring (dependent on nature of
reduction in available cover and summer) activity)
Altered groundwater—surface | Reduced aquatic food web Year-round (stressor exposure occurs Permanent Continuous N/A N/A N/A
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Table A-11 (continued).

HPA HCP Marinas Exposure and Response Matrix for Olympic Mudminnow.?

Sub- Exposure )
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Aguatic Vegetation
Modification
Riverine and Lacustrine
Altered autochthonous Reduced food web productivity Year-round (most pronounced in spring and | Permanent Continuous N/A N/A N/A This species does not occur
production summer when vegetation growth is most in habitats suitable for
extensive) marina and terminal
Altered dissolved oxygen levels due | Year-round (most pronounced in spring and | Permanent Seasonal N/A N/A ?exeloprﬁ?it;ltperrez(ore, trr1ere
to reduced photosynthesis summer when vegetation growth is most § no potential Tor exposure
: to related aquatic vegetation
extensive) o T
modification impact
Altered habitat complexity Reduced food web productivity, Year-round Short-term to permanent Continuous N/A N/A mechanisms and stressors.
reduced foraging opportunity, (dependent on nature of
reduction in available cover, activity)
reduction in available spawning
habitat (freshwater)
Hydraulic and Geomorphic
Modification
Riverine and Lacustrine
Altered channel geometry Change in habitat structure and Year-round Permanent Continuous N/A N/A N/A This species does not occur
habitat suitability, reduced food web in habitats suitable for
complexity, reduced spawning and marina and terminal
- rearing habitat availability and - development; therefore, there
Altered flow velocity suitability Year-r_oung (v_\/lthhs_trtre]silor EXpOSLtJI’ef | Permanent Seasonal is no potential for exposure
orfcurrlhng uring high-tlow events ta to related hydraulic and
through spring) geomorphic modification
Altered substrate Year round Permanent Continuous impact mechanisms and
composition (including stressors.
placement of non-erodable
substrate)
Altered groundwater inputs Year-round (with stressor exposure Permanent Continuous
occurring during egg incubation and
juvenile rearing)
Addition of impervious Alteration in the magnitude, volume, | During storm events (predominantly from Permanent Common
surface and timing of peak flows fall through spring)

# For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For

example, a high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-12. HPA HCP Marinas Exposure and Response Matrix for Umatilla Dace, Leopard Dace, Lake Chub, Margined Sculpin, and Mountain Sucker.?

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism

Marinas and Shipping/Ferry Terminals

Construction and
Maintenance Activities

Pile driving Increased underwater During project Temporary (auditory Interannual to Eggs, All life-history stages: Stressor response dependent on Avoid pile-driving noise in excess of Activity may cause direct mortality
noise levels construction and masking) to short-term decadal (during Juveniles; noise magnitude; project-specific environmental conditions | impact thresholds established by NOAA at all life-history stages. May affect
maintenance activities (hearing threshold project construction Adults may range from: Fisheries and USFWS in habitats used by | survival, growth, and fitness at all
effects) and maintenance) «  Egg mortality due to membrane rupture. these species. Limit pile driving to in- life-history stages, depending on
] ¢ . water work windows. Use double- project-specific noise intensity and
=  Barotraumas causing fatality or permanent auditory confined bubble curtain to reduce sound | receptor exposure. Actual effects
tissue damage leading to impairment limiting to pressure, or work within confined or are uncertain as hearing sensitivity
survival. dewatered work-areas. Encourage use of | across these species is currently a
= Increased predation risk and decreased foraging vibratory hammers and wooden pilings data gap.
success due to auditory masking and/or temporary where practicable.
hearing threshold effects that increase risk of
predation and/or decrease foraging efficiency due to
decreased ability to sense predators and prey.
= Increased exertion due to behavioral responses (e.g.,
startle and flight) and habitat avoidance, leading to
decreased growth and fitness.
Note that specific data on the noise sensitivity of these
species are limited; therefore, the effects of stressor
exposure are uncertain.
Construction vessel Increased or altered During project Temporary (auditory Interannual to Juveniles, Adults and juveniles: Auditory masking or temporary Avoid/minimize cavitation to limit noise | May affect survival, growth, and
operation ambient noise levels construction and masking) to short-term decadal (during Adults hearing threshold effects may increase risk of predation intensity. Promote use of vessels fitness due to avoidance behavior, as
maintenance activities (hearing threshold project construction and/or decrease foraging efficiency due to decreased equipped with antinoise/antivibration well as potentially decreased
effects) and maintenance) ability to sense predators and/or prey. technology where practicable. foraging success and increased
predation exposure.
Channel/work area Fish removal, relocation, During project Short-term Interannual to Eggs; Eggs: Mortality due to dewatering. Use protocols established by NOAA May cause direct mortality and
dewatering and exclusion con_struction and_ N decadql _(depending Juveniles: Adults and juveniles: Mortality, injury, or stress from Fisher!eg apd WDFW/WSDOT to avoid injur)_/. May a_ffect _survival, grovx_/th,
maintenance activities on activity Adults capture, handling, and relocation. Small juvenile dace may and minimize impacts. apd fitness at juvenile and adult life-
frequency) be difficult to capture and relocate, leading to higher history stages.
incidence of mortality. Increased competition once
relocated, and reduced growth and fitness; increased
predation exposure.
Entrainment in pumps or During project Short-term Interannual to Eggs; Eqggs and juveniles: Injury or mortality from entrainment Install and maintain pump screens May cause direct mortality or injury.
impingement on pump construction and decadal (depending Juveniles or impingement. consistent with WDFW protocols.
screens maintenance activities on activity Adhere to system-specific in-water work
frequency) windows; avoid use when juveniles are
present.
Altered flow conditions During project Short-term Interannual to Eggs; Eqggs: Potential substrate scour/or sedimentation, resulting | Limit alteration of flow conditions to May affect survival, growth, and
(riverine) construction and decadal (depending Juveniles: in decreased incubation success. minimal area. fitness during egg and juvenile life-
maintenance activities on activity Adults , Juveniles and adults: Altered habitat suitability, increased hlstory_ stages. May aff_ect adult
frequency) stress, increased competition, decreased growth and spawning growth and fitness.
fitness.
Altered current and During project Short-term Interannual to Juveniles; Juvenile and adults: Altered habitat suitability, increased To greatest extent practicable, limit May affect juvenile and adult
circulation conditions construction and decadal (depending Adults stress, increased competition, decreased growth and alteration of current and circulation survival, growth, and productivity.
(lacustrine) maintenance activities on activity fitness. patterns to minimal area.
frequency)
Working Draft-Do Not Cite Washington Department of Fish and Wildlife
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Table A-12 (continued).

HPA HCP Marinas Exposure and Response Matrix for Umatilla Dace, Leopard Dace, Lake Chub, Margined Sculpin, and Mountain Sucker.®

resuspension of

contaminated sediments

Juveniles and adults: Decreased foraging opportunity due
to short-term reduction in prey availability. Decreased
growth and fitness.

All life-history stages: See responses described for related
stressors under Water Quality Modification.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Streambed disturbance, During project Temporary Interannual to Eggs; Eqggs: Potential decreased survival due to turbidity Adhere to system-specific in-water work | May affect egg survival. May affect
increased turbidity construction and decadal (depending Juveniles: exposure and substrate disturbance. windows. Avoid work during egg juvenile and adult survival, growth,
(assomqted with site maintenance activities on activity Adults Juveniles and adults: Stress and behavioral modifications incubation periods. and fitness. See effects of related
rewatering) frequency) by rearing juveniles exposed to sediment pulses, reduced stressor exposure under Water
foraging opportunities, and increased predation risk, Quality Modification.
leading to decreased survival, growth, and fitness. See
responses to related stressors under Water Quality
Modification.
Localized alteration in During project Short-term Interannual to Juveniles; Juveniles and adults: Short-term reduction in foraging Limit area of dewatering to the greatest May affect juvenile and adult
invertebrate abundance construction and decadal (depending Adults opportunity, increased competition, decreased growth and extent practicable. growth and fitness.
maintenance activities on activity fitness.
frequency)
Increased suspended During project Short-term Interannual to Eggs; All life-history stages: See responses to related stressors Limit area of dewatering to the greatest See effects for related stressors
solids construction and decadal (depending Juveniles: under Water Quality Modification. extent practicable. Follow established under Water Quality Modification.
maintenance activities on activity ' protocols for dewatering and rewatering.
frequency) Adults
Navigation/ maintenance Alteration of bathymetry During project Permanent Interannual-decadal Eggs; All life-history stages: See responses described under Avoid fill or, if unavoidable, restore See effects for related stressors
dredging and substrate construction and Juveniles: Hydraulic and Geomorphic Modifications. currently filled or degraded shallow under Hydraulic and Geomorphic
characteristics maintenance activities ' shoreline habitats. Modification.
Adults
Aquatic vegetation During project Intermediate-term Interannual-decadal Juveniles; Juveniles and adults: See responses described under Limit dredging-related disturbance of See effects for related stressors
removal and delayed construction and Adults Aquatic Vegetation Modification. submerged aquatic vegetation to the under Riparian and Aquatic
recovery maintenance activities greatest extent practicable through Vegetation Modification.
project siting.
Entrainment of benthic During project Temporary to short- Interannual—decadal Eggs; Eqggs and juveniles: Eggs and immobile juveniles Avoid dredging in shallow water margin May affect juvenile productivity and
organisms, increased construction and term Juveniles: entrained during dredging may experience direct mortality | areas preferred by these species. fitness. See effects for related
suspended solids, maintenance activities ' or injury. stressors under Water Quality
Adults; Modification.
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Table A-12 (continued).

HPA HCP Marinas Exposure and Response Matrix for Umatilla Dace, Leopard Dace, Lake Chub, Margined Sculpin, and Mountain Sucker.®

creating light contrasts
requiring visual and
behavioral adaptation

occurs in spring and
summer)

gap.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Facility Operation/
Vessel Activities
Benthic disturbance from Increased turbidity, Year-round, at hourly or Permanent Common Eqggs; Eqggs and juveniles: Eggs and immobile juveniles may be Site facilities in deeper water to avoid May cause direct injury or mortality.
grounding, anchoring, disturbed benthic area 30-minute intervals Juveniles: exposed to direct mortality or injury from vessel grounding | suspension of sediments from prop wash | See effects for related stressors
and/or prop wash (depending on ' or prop wash. and grounding. Prevent or discourage under Water Quality Modification
transportation schedule) Adults All life-history stages: Response to increased turbidity anchoring and provide alternatives such | and Hydraulic and Geomorphic
exposure as described for related stressors under Water as mooring buoys designed in accordance | Modification.
Quality Modification. Response to benthic disturbance as with USACE guidance.
described for Hydraulic and Geomorphic Modification.
Freshwater aquatic Year-round (effects most Permanent Intermittent to Juveniles; Juveniles and adults: See responses described under Site facilities in deeper water to avoid See effects for related stressors
vegetation disturbance prevalent during spring common Adults Riparian and Aquatic VVegetation Modification. Reduced suspension of sediments from prop wash | under Riparian and Aquatic
and summer growth fitness, growth, and survival. and grounding. Prevent or discourage Vegetation Modification.
periods with intensity anchoring and provide alternatives such
dependent on activity) as mooring buoys designed in accordance
with USACE guidance.
Vessel maintenance and Exposure to altered pH, Year-round (with intensity | Permanent Intermittent to Eggs; All life-history stages: Combined responses to altered pH, | Avoid and prohibit ballast water See effects for related stressors
operational discharges altered dissolved oxygen, dependent on facility common Juveniles; contaminants, and increased suspended solid exposure as discharge. Provide for upland discharge under Water Quality Modification.
and contaminants, as activity peaks) Adults described for related stressors Water Quality Modification. | of ballast water where practicable.
described for related
stressors under Water
Quality Modification
Introduction of non-native | Year-round (with intensity | Permanent (once Common Eggs; All life-history stages: Altered predator/prey interactions Require permitted facilities to adhere to May affect survival and productivity
species dependent on facility invasive species are introductions with Juveniles; and food web organization; exposure to non-native ballast water management regulations. at all life-history stages.
activity peaks) established) interannual to Adults pathogens. Provide for upland discharge of ballast
decadal colonization water where practicable.
events
Increased or altered Auditory masking and/or Year-round, with intensity | Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or hearing Enforce speed and acceleration limits; May affect survival, growth, and
ambient noise levels alteration of hearing dependent on facility intermittent Adults threshold effects decrease ability to sense predators and/or | avoid cavitation. fitness caused by increased stress
sensitivity thresholds activity peaks (stressor prey, increasing risk of predation and decreasing foraging from avoidance behavior, decreased
exposure occurring in efficiency. foraging opportunity, and increased
spring and summer) predation risk. Actual effects are
uncertain as hearing sensitivity
across these species is currently a
data gap.
Ambient light Daytime shading from Year-round from sunrise Permanent Daily Juveniles; All exposed life-history stages: Dace and sucker Design facilities so majority of structural | Sensitivity to stressor exposure is
modification structures and moored to sunset (stressor Adults sensitivity to ambient light modification is currently a data | and moorage shading occurs offshore currently a data gap; therefore, the
vessel hulls, creating light | exposure occurs in spring gap. away from submerged aquatic vegetation | effects of this impact mechanism are
contrasts requiring visual and summer) and foraging habitats. Allow at least 10 | unknown.
and behavioral adaptation ft-c light under dock structure to limit
changes in ambient light conditions.
However, behavioral responses of dace
and mountain sucker to changes in
ambient light levels are a data gap.
Nighttime artificial facility | Year-round from sunsetto | Permanent Daily Juveniles; All exposed life-history stages: Dace and sucker Reduce and shield facility and vessel Sensitivity to stressor exposure is
and vessel lighting, sunrise (stressor exposure Adults sensitivity to ambient light modification is currently a data | lighting to limit nighttime illumination of | currently a data gap; therefore, the

the underwater environment.

effects of this impact mechanism are
unknown.
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Table A-12 (continued).

HPA HCP Marinas Exposure and Response Matrix for Umatilla Dace, Leopard Dace, Lake Chub, Margined Sculpin, and Mountain Sucker.®

Sub-
activity
Type

Exposure
Life-history Resulting Effects of the
Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Water Quality
Modification
Increased suspended Dependent on contributing | Daily, temporary, or Daily to intermittent Eggs; Eqgs: Turbidity sufficient to cause fine sediment Ensure project design avoids and/or May affect survival of incubating
solids mechanism of impact short-term (dependent and interannual— Juveniles: embeddedness may lead to egg burial, causing decreased minimizes habitat alterations leading to eggs. May affect juvenile and adult
on contributing decadal (dependent ' survival. chronic bank instability. Avoid short- survival, growth, and fitness.
mechanism of impact) on contr_ibuting Adults Juveniles and adults: Responses vary depending on term turbidity effects above b_ackground
_mechanlsm of stressor magnitude. Unavoidable extreme turbidity may levels to greatest extent practicable.
impact) cause physical injury and/or physiological effects (e.qg., gill Adhere_ to estqbllshed protoc_ol_s for
trauma, altered osmoregulation, blood chemistry changes). | Managing sediment and turbidity.
Moderate to high turbidity may cause behavioral alteration
(e.g., avoidance responses), leading to increased
territoriality, reduced foraging opportunity, increased
predation exposure.
Resuspension of Dependent on contributing | Temporary to short- Daily to intermittent Eggs; Eqgs: Decreased survival; increased incidence of Identify and demarcate all areas with May affect survival, growth, and
contaminated sediments, mechanism of impact term (e.g., operational and interannual- Juveniles: developmental abnormalities leading to decreased survival | contaminated sediments, manage and fitness at egg and juvenile life-
resulting in exposure to spills) to long-term decadal (dependent ' and fitness. avoid causes of sediment disturbance history stages. Reduced growth and
toxic substances (e.g., reexposure of on contributing Adults Juveniles and adults: Avoidance, mortality, increased (e.g., define and maintain vessel speed fitness may affect adult spawning
buried contaminants) mechanism of stress, reduced growth and fitness, tissue bioaccumulation, limits in sensitive areas). Ensure that | productivity.
depending on ) impact) increased disease incidence, and reduced additional procedures are in place to quickly contain
Introduction of toxic contributing mechanism stressor toleration, habitat avoidance. Physiological and clean up spills of toxic substances.
substances of impact responses to exposure at toxic levels causing mortality or E.ncourage the use .Of nontoxic, .
injury leading to reduced fitness. Bioaccumulation of biodegradable lubricants in construction
contaminants at subacute levels, resulting in chronic vessels.
physiological effects leading to reduced fitness and/or
mortality.
Altered dissolved oxygen Dependent on contributing | Temporary to short- Intermittent to Eggs; All exposed life-history stages: Alteration of water Avoid sediment pulses. Limit nutrient May affect survival of incubating
and temperature levels mechanism of impact term (e.g., contaminant | permanent Juveniles; temperatures leading to increases or decreases beyond inputs associated with discharges of eggs. May affect juvenile and adult
spill or discharge) to (dependent on Adults optimal ranges may affect growth and fitness of dace and wastewater and gray water. Other survival, growth, and fitness.
seasonal (e.g., reduced contributing sucker. Optimal temperatures range from 59-64°F for mechanism-specific measures as
submerged aquatic mechanism of dace and 55-70°F for mountain sucker. Exposure to appropriate.
vegetation productivity | impact) higher temperatures may lead to direct mortality or
due to changes in sufficient stress to affect survival. Acute low dissolved
ambient light patterns) oxygen events may cause direct mortality of eggs,
depending on juveniles, and adults by asphyxiation. Juveniles and adults
contributing mechanism may exhibit temporary avoidance behavior, increased
of impact stress, increased predation exposure, and decreased
foraging opportunities.
Altered pH levels Dependent on contributing | Temporary to short- Intermittent to Eggs; All exposed life-history stages: Physiological responses to | Limit nutrient inputs with wastewater and | May cause direct mortality or
mechanism of impact term depending on interannual-decadal Juveniles: pH levels outside of optimal thresholds, causing mortality | gray water holding and no direct waste physiological injury in acute events.
contributing mechanism | (dependent on ' or injury leading to reduced fitness. Mobile juveniles and discharge. Avoid curing of concrete or May affect survival of eggs and
Adults immobile juveniles. May affect

of impact

contributing
mechanism of
impact)

adults may exhibit temporary avoidance behavior,
increased stress, increased predation exposure, and
decreased foraging opportunities.

discharge of concrete leachate to surface
waters.

juvenile and adult growth and
fitness.
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Table A-12 (continued).

HPA HCP Marinas Exposure and Response Matrix for Umatilla Dace, Leopard Dace, Lake Chub, Margined Sculpin, and Mountain Sucker.®

Sub-
activity
Type

Minimization Measures

Resulting Effects of the
Submechanism

Promote removal of creosote-treated
wood and prevent new uses in
accordance with pertinent regulations.
Avoid use of other treated wood products
where practicable. Use alternative
materials such as concrete, galvanized
steel, plastic lumber, recycled plastics,
and plastic coatings where practicable.
Where treated wood is necessary use
dense-grained material to limit leaching.
Use plastic or metal cuffs at abrasion
points to avoid fragmentation and release
of treated wood particulates.

Removal: Completely remove treated
wood where practicable, consistent with
WDNR Standard Practice Memorandum.
When piles are left in place, cut off at
least 2 ft below surface and cap with
clean sediment. Contain and capture
sawdust for disposal at approved facility.

May cause direct mortality. May
affect survival, growth, and fitness
across all life-history stages.
Reduced fitness may affect adult
spawning productivity.

Require facilities to employ modern low-
impact development and stormwater
treatment technology. Include
operational requirements for capture and
recycling of marina washdown water.
Avoid spillage and overwater
washdowns.

May cause direct mortality. May
affect survival, growth, and fitness
across all life-history stages.
Reduced fitness may affect adult
spawning productivity.

Exposure
Life-history
Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor
Use of creosote-treated Leaching of polyaromatic | Leaching begins upon Long-term (with Continuous with Eggs; All exposed life-history stages: Physiological responses to
wood hydrocarbons (PAHS) installation, with highest decreasing seasonal pulses Juveniles: exposure at toxic levels, causing mortality or injury leading
levels after initial concentration intensity (associated with high ' to reduced fitness. Bioaccumulation of contaminants at
immersion, followed by over time) water temperature Adults subacute levels resulting in chronic physiological effects
peaks during periods of and current velocity) leading to reduced fitness and/or mortality.
increased temperatures
and higher flows.
Leaching more
pronounced when used in
fresh water. Spikes in
concentration will occur
during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with
high surface area.
Use of ACZA- and CCA Leaching of metals (Cu, Leaching begins upon Intermediate-term Continuous with Eggs; All exposed life-history stages: Physiological responses to
type C-treated wood As, Cr, Zn) installation, with highest seasonal pulses Juveniles: exposure at toxic levels, causing mortality or injury leading
levels occurring within 7 (dependent on current ' to reduced fitness. Bioaccumulation of contaminants at
months of initial velocity) Adults subacute levels, resulting in chronic physiological effects
immersion leading to reduced fitness and/or mortality.
Increased stormwater and | Combined effects of Fall and winter rain Permanent Intermittent Egos; All exposed life-history stages: Combined responses to
nonpoint source pollution | contaminants, nutrients, events, and spring and JuverliE® altered pH, altered dissolved oxygen levels, contaminant
altered pH levels, altered summer high boat-use exposure, and increased suspended solids as described
dissolved oxygen, and periods Adults above.
increased suspended solids
as discussed above
Riparian and Shoreline
Vegetation Modification
Riverine
Altered riparian shading Expansion of thermal Year-round (pronounced Long-term to permanent | Seasonal Eggs; Eggs: High water temperatures may decrease egg survival.
regime (i.., increased In winter/summer during | (dependent,0n nature of Juveniles; Juveniles: Reduced growth and fitness caused by
summer temperatures, solar radiation and riparian impacts) temperatures outside optimal growth range, and alteration
decreased winter Adults

Altered ambient air
temperature regime

temperatures)

ambient temperature
extremes)

of food web patterns.

Adults and juveniles: May reduce the availability of
suitable refuge and foraging habitat, leading to reduced
survival, growth, and fitness.

Adults: Spawning is temperature dependent; alteration of
nearshore temperature may affect spawning success and
productivity.

Avoid/minimize disturbance of riparian
vegetation. Maintain system-appropriate
riparian buffer widths to the greatest
extent possible.

May affect survival, growth, and
fitness at all life-history stages.
Mountain sucker prefer deeper water
environments and are likely to be
less sensitive to these effects.
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Table A-12 (continued).

HPA HCP Marinas Exposure and Response Matrix for Umatilla Dace, Leopard Dace, Lake Chub, Margined Sculpin, and Mountain Sucker.®

Sub-
activity
Type

Exposure
Life-history Resulting Effects of the
Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism

Altered stream bank and Increased suspended Year-round (with specific | Intermediate-term to Continuous to Eggs; Eggs: Decreased incubation success due to turbidity Avoid/minimize disturbance of riparian May affect survival, growth, and

shoreline stability solids; decreased area of stressors prominent during | long-term (dependent seasonal (dependent Juveniles; effects as described for related stressor responses under vegetation. Maintain system-appropriate | fitness at all life-history stages
suitable spawning habitat; | high-flow conditions) on tir_ne required for on specific stressor) Adults Water Quality Modification. riparian buffer widths to the greatest
reduced habitat riparian recovery) Juveniles: Decreased refuge habitat availability and extent possible.
complexity (e.g., filling of foraging opportunities, leading to increased competition
pools) and resulting effects on growth and fitness. Potential

habitat avoidance and/or injury and mortality caused by
excessive turbidity as described for related stressor
responses under Water Quality Modification.

Adults: Decreased spawning success due to decreased
availability of suitable spawning habitat. Habitat
avoidance and/or injury and mortality caused by excessive
turbidity as described for related stressor responses under
Water Quality Modification.

Altered allochthonous Reduced recruitment of Year-round Permanent Continuous Juveniles; Juveniles and adults: Dace feed on terrestrial insects. Avoid/minimize disturbance of riparian May affect growth and fitness at

inputs terrestrially derived prey Adults While less dependent, suckers are opportunistic feeders vegetation. Maintain system-appropriate | juvenile and adult life-history
resources; reduced aquatic dependent on overall food web productivity. Reduced riparian buffer widths to the greatest stages.
food web productivity due allochthonous inputs may affect food web productivity, extent possible.
to reduction in organic leading to decreased foraging opportunities and decreased
matter inputs growth and fitness.

Altered habitat complexity | Reduced food web Year-round Short-term to Continuous Juveniles; Juveniles and adults: Decreased availability of suitable Encourage project designs that limit May affect juvenile and adult
productivity, reduced permanent (dependent Adults foraging and refuge habitat, leading to decreased foraging permanent alteration of high-quality survival, growth, and fitness. May
foraging opportunity, on nature of activity) opportunities, increased competition, increased predation habitat features. affect adult spawning productivity.
reduction in available exposure, collectively affecting survival, growth, and
cover, reduction in fitness. Reduction in suitable spawning habitat area may
available spawning habitat affect spawning productivity.

Altered groundwater— Reduced available thermal | Year-round Permanent Continuous Eggs; All exposed life-history stages: Dace and sucker Avoid disturbance of vegetation along Effects resulting from this impact

surface water exchange refuge habitat Juveniles: dependency on groundwater is currently a data gap. stream. mechanism are uncertain, as dace

' However, decreased availability of thermal refuge may and sucker sensitivity to stressor
Adults affect survival during temperature extremes. exposure is currently a data gap.
However, lack of suitable thermal
refuge habitat may affect dace
survival.

Lacustrine

Altered riparian shading Expansion of thermal Year-round (pronounced Long-term to permanent | Seasonal Juveniles Juveniles: Riparian shade and ambient temperature have a | Avoid/minimize disturbance of riparian May affect survival, growth, and
regime (i.e., increased in winter/summer during (dependent on nature of relatively minor effect on deep lacustrine water vegetation. Maintain system-appropriate | fitness at all life-history stages.
summer temperatures, solar radiation and riparian impacts) temperatures relative to the dominant influence of currents, | riparian buffer widths to the greatest Mountain sucker prefer deeper water

- - decreased winter ambient temperature wind conditions, and other factors. However, protected extent possible. environments and are likely to be

Altered ambient air temperatures). Therefore, | extremes) nearshore habitats favored by dace may be sensitive to less sensitive to these effects.

temperature regime increased temperatures temperature extremes. Lack of suitable thermal refuge
will limit suitable habitat habitat may lead to decreased survival.

Altered shoreline and Increased suspended Year-round (with primary | Intermediate-term to Continuous to Eggs (dace); Eqgs: Dace may experience decreased egg survival in Avoid/minimize disturbance of riparian May affect dace egg survival. See

bluff stability solids; secondary effects stressor prominent during | long-term (dependent seasonal (dependent Juveniles: lacustrine spawning environments due to turbidity effects. | vegetation. Maintain system-appropriate | effects for related stressors under
on habitat complexity high wave energy on time required for on specific stressor) Adults ' Suckers, chub and sculpin do not use lacustrine riparian buffer widths to the greatest Water Quality Modification.

(e.g., through change in
substrate composition,
smothering of aquatic
vegetation)

conditions)

riparian recovery)

environments for spawning.

Juveniles and adults: Potential habitat avoidance and/or
injury and mortality caused by excessive turbidity as
described for related stressor responses under Water
Quality Modification.

extent possible.
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Table A-12 (continued).

HPA HCP Marinas Exposure and Response Matrix for Umatilla Dace, Leopard Dace, Lake Chub, Margined Sculpin, and Mountain Sucker.®

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Altered allochthonous Reduced recruitment of Year-round (stressor Permanent Continuous Juveniles; Juveniles and adults: Dace and suckers prey upon Avoid/minimize disturbance of riparian May affect growth, fitness, and
inputs terrestrially derived prey exposure occurs during Adults terrestrial insects recruited from riparian zone. Alteration vegetation. Maintain system-appropriate | productivity.
resources; reduced aquatic | nearshore rearing period of vegetation will result in decreased foraging riparian buffer widths to the greatest
food web productivity due | in spring and summer) opportunities, decreased growth and fitness, and decreased | extent possible.
to reduction of organic productivity.
matter inputs
Altered habitat complexity | Reduced recruitment of Year-round (stressor Short-term to Continuous Juveniles; Juveniles and adults: Alteration of habitat complexity may | Encourage project designs that limit May affect survival, growth, and
large woody debris. exposure occurs during permanent (dependent Adults affect the suitability of spawning, rearing, and refuge permanent alteration of high-quality fitness during juvenile and adult
Reduced food web nearshore rearing period on nature of activity) habitat for dace and suckers, leading to reduced survival, habitat features. life-history stages. Reduced habitat
productivity, reduced in spring and summer) growth, and fitness. Reduced habitat complexity may complexity may affect spawning
foraging opportunity, affect the availability of suitable spawning habitats for productivity.
reduction in available dace. Likelihood of effects on sucker spawning habitat is
cover more limited due to preference for shallow riffle habitats
unsuitable for marina and terminal development.
Altered groundwater— Reduced aquatic food web | Year-round (stressor Permanent Continuous Juveniles Juveniles: Dependence on groundwater—surface water Avoid/minimize disturbance of riparian Effects resulting from this impact
surface water exchange productivity; secondary exposure occurs during exchange by these fish species is a data gap. However, vegetation. Maintain system appropriate | mechanism are uncertain, as dace
effects on habitat nearshore rearing period lack of suitable thermal refuge habitat may lead to riparian buffer widths to the greatest and sucker sensitivity to stressor
complexity (e.g., through in spring and summer) decreased survival during temperature extremes. extent possible. exposure is currently a data gap.
alteration of aquatic However, lack of suitable thermal
vegetation) refuge habitat may affect dace
survival.
Aquatic Vegetation
Modification
Altered autochthonous Reduced food web Year-round (most Permanent Continuous Juveniles; Juveniles and adults: Reduced foraging opportunities due Design: Site majority of facility offshore | May affect survival, growth, and
production productivity pronounced in spring and Adults to decreased food web productivity, leading to decreased to limit grounding and prop wash effects. | productivity of juvenile and adult
summer when vegetation growth and fitness. Primary forage for suckers includes Limit project structural footprint to life-history stages.
growth is most extensive) algae and aquatic invertebrates, which may be affected by minimize shading of aquatic vegetation
decreased autochthonous production. to the greatest extent practicable. Design
Altered habitat complexity | Reduced food web Year-round Short-term to Continuous Juveniles; Juveniles and adults: Decreased refuge habitat availability ?:ZQQS:S;SE?S%?E%E&OSLlir:j%r?éjeoglos May affect survival, growth, and
productivity, reduced permanent (dependent Adults and foraging opportunities, leading to increased limit shading and anchor scour effects. productivity of juvenile and adult

foraging opportunity,
reduction in available
cover, reduction in
available spawning habitat
(freshwater)

on nature of activity)

competition, increased predation exposure, and resulting
effects on survival, growth, and fitness.

Construction: Avoid/minimize
disturbance of aquatic vegetation during
project construction.

Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring.

life-history stages.
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Table A-12 (continued).

HPA HCP Marinas Exposure and Response Matrix for Umatilla Dace, Leopard Dace, Lake Chub, Margined Sculpin, and Mountain Sucker.®

the larger river systems that would support this type of
development, the magnitude of the hydrologic
modification stressor is expected to be negligible. As
such, this stressor is not expected to significantly affect the
riverine environment, and there will be no response to the
stressor.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Riverine
Altered channel geometry | Change in habitat Year-round Permanent Continuous Eggs; Eqggs: Changes in channel morphology, flow velocity, and | Carefully evaluate project siting and May affect survival, growth, and
structure and habitat Juveniles: substrate composition can alter substrate composition and design and consider the magnitude of fitness at egg and juvenile life-
suitability, reduced food ' stability, leading to decreased egg incubation success and impact mechanisms produced by the history stages. May affect spawning
- web complexity, reduced - Adults survival. Likelihood of sucker exposure to these stressors project. Encourage selection of project productivity.
Altered flow velocity spawning and rearing Year-round (with stressor | Permanent Seasonal is limited, given preference for spawning in areas designs that minimize effects on channel
habitat availability and f\)i(gf?sfllj(';‘\a/vog\(l::r:gn?a(ljlunng unsuitable for marina and terminal development. geometry, flow velocity, substrate
suitability through spring) Juveniles: Altered channel geometry, flow velocity, and composition, and groundwater exchange
: substrate composition can result in decreased rearing to the greatest extent practicable.
Altered substrate Year round Permanent Continuous habitat suitability and changes in food web complexity.
composition (including Dace are associated with low to moderate flows, which
placement of non-erodable may limit foraging opportunities and increase competition
substrate) for suitable habitats, leading to decreased growth, fitness,
Altered groundwater Year-round (with stressor | Permanent Continuous and survival.
Inputs exposure occurring during Adults: Changes in channel morphology may lead to
egg incubation and alteration of the migratory corridor and a reduction in
juvenile rearing) suitable resting habitat, leading to increased stress and
decreased spawning success. Changes in substrate
composition and stability resulting from altered channel
geometry and flow velocity may lead to decreased
spawning success (e.g., through reduction in suitable
spawning locations and/or increased scour and/or
sedimentation of redds) if potential spawning habitat is
affected.
Addition of impervious Alteration in the During storm events Permanent Common Eggs; All life-history stages: Because the amount of impervious | Encourage facilities to employ modern Effects resulting from this impact
surface magnitude, volume, and (predominantly from fall Juveniles: surface associated with marinas is a relatively low-impact development and stormwater | mechanism are expected to be
timing of peak flows through spring) Adults ' inconsequential component of the overall drainage area of | treatment technologies. insignificant and discountable.
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Table A-12 (continued).

HPA HCP Marinas Exposure and Response Matrix for Umatilla Dace, Leopard Dace, Lake Chub, Margined Sculpin, and Mountain Sucker.®

composition

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Lacustrine
Altered wave energy Change in habitat Year-round (with Permanent Continuous Eggs (dace); All exposed life-history stages: Wave energy, current Carefully evaluate project siting and May affect survival, growth, and
(short-period waves) structure and habitat predominant effects from Juveniles: velocity, sediment supply, substrate composition, and design and consider the magnitude of fitness at all exposed life-history
suitability, reduced food fall through spring when ' groundwater inputs are core ecosystem processes and impact mechanisms produced by the stages. Decreased fitness may lead
web complexity, habitat wind-driven waves are Adults characteristics that compose the nearshore ecosystem. project. Encourage selections of project to reduced spawning productivity.
availability and suitability | most pronounced) Alteration in one or more of these parameters can designs that minimize effects on
Altered current velocities Year-round (with effects Permanent Common fundamgntally alt_er Iz_iqustrlne I|t_toral ha_bltats, potent.lally sediment supply, longshore drift patterns,
more predominant in decreasing the suitability of rearing habitat for juveniles and wave energy and current patterns.
- and adults. This may occur through a number of specific For example:
reservoirs versus natural t neludingi d " d stress due t
lakes) change In curraafand wae eferoy patters, increased | Fomeable breakwaters that mintain
Altered nearshore Year-round (with variable | Permanent Seasonal predation exposure due to reduced cover or,exposure to current and wav? energ-y patterns.
circulation patterns effects by season [e.g., deep water habitat, food web alterations and decreased " SUQ_QESt alternative designs for
circulation patterns]) foraging opportunity, and increased competition for prgj_ects that fragment S%UFCGS of
- i i i t recruitment an
Altered groundwater Year-round Permanent Continuous suitable hapitats, The combined effect of these stressors secimen
Inputs g can result in decreased growth and productivity, decreased groundwater supply.
. . fitness, or mortality. = Require mitigation to maintain
Altered sediment supply Year-round Permanent Continuous substrate and beach profile
Altered substrate Year-round Permanent Continuous characteristics where impacts are

unavoidable.

% For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a

high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-13.

HPA HCP Marinas Exposure and Response Matrix for Western Brook, River, and Pacific Lamprey.®

Sub-

activity
Type

Mechanism of Impact

Exposure

Stressor

Marinas and Shipping/Ferry Terminals

Construction and
Maintenance Activities

Duration

Frequency

Life-history
Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Pile driving

Increased underwater noise levels

During project construction
and maintenance activities

Temporary (auditory
masking) to short-
term (hearing
threshold effects)

Interannual to
decadal (during
project construction
and maintenance)

Eggs and
ammocoetes;

Transforming
adults;

Adults

All life-history stages: Very little is known of
the effects of pile-driving sounds on lamprey at
any life-history stage.

Avoid pile-driving noise in excess of
impact thresholds established by
NOAA Fisheries and USFWS in
habitats used by species. Limit pile
driving to in-water work windows.
Use double-confined bubble curtain to
reduce sound pressure, or work within
confined or dewatered work areas.
Encourage use of vibratory hammers
and wooden pilings where practicable.

Little is known about the effects of
anthropogenic sounds on lamprey.

Construction vessel
operation

Increased or altered ambient noise
levels.

During project construction
and maintenance activities

Temporary (auditory
masking) to short-
term (hearing

Interannual to
decadal (during
project construction

Transforming
adults,

Adults and transforming adults: Very little is
known of the effects of anthropogenic sounds
on lamprey at any life-history stage.

Although little is known about the
effects of anthropogenic sounds on
lamprey, it is prudent to avoid/

Little is known about the effects of
anthropogenic sounds on lamprey.

. Adults AL o -
threshold effects) and maintenance) minimize propeller cavitation to limit
noise intensity. Promote use of vessels
equipped with antinoise/antivibration
technology where practicable.
Channel/work area Fish removal, relocation, and During project construction Short-term Interannual to Ammocoetes; Ammocoetes: Mortality, injury, and stress, Use protocols established by NOAA May affect survival, growth, and
dewatering exclusion and maintenance activities decadal (depending Transforming during dewatering (when buried in riverine Fisheries and WDFW/WSDOT to fitness at ammocoete, transforming
on activity ¥ sediments). avoid and minimize impacts. adult, and adult life-history stages.
frequency) Adults Adults and transforming adults: Mortality,
injury, or stress from capture, handling, and
relocation.
Transforming adults: Increased competition
once relocated, and reduced growth and fitness;
increased predation exposure.
Adults: Delayed migration resulting in
decreased fitness and spawning success.
Entrainment in pumps or During project construction Short-term Interannual to Transforming Transforming adults: Injury or mortality from Install and maintain pump screens May affect survival and fitness at
impingement on pump screens and maintenance activities decadal (depending adults entrainment or impingement. consistent with WDFW protocols. transforming adult life-history stage.
on activity Adhere to system-specific in-water
frequency) work windows, avoid use when
transforming adults are present.
Altered flow conditions (riverine) During project construction Short-term Interannual to Eggs and Eggs and ammocoetes: Potential nest scour Limit alteration of flow conditions to May affect survival during egg and
and maintenance activities decadal (depending ammocoetes; and/or sedimentation, resulting in decreased minimal area. ammocoete life-history stages; may
on activity Transforming incubation success. affect transforming adult growth and
frequency) adults; Transforming adults: Altered habitat suitability, fitness; may affect adult spawning
Adults increased stress, increased competition, success.
decreased growth and fitness.
Adults: Delayed migration, increased stress,
and decreased spawning fitness.
Altered current and circulation During project construction Short-term Interannual to Transforming Transforming adults: Altered habitat suitability, | To greatest extent practicable, limit May affect transforming adult survival,

conditions (marine)

and maintenance activities

decadal (depending
on activity
frequency)

adults;
Adults

increased stress, increased competition,
decreased growth and fitness.

Adults: Delayed migration, increased stress,
and decreased spawning fitness.

alteration of current and circulation
patterns to minimal area.

growth, and fitness. May affect adult
spawning fitness.

Working Draft-Do Not Cite
Marinas and Shipping/Ferry Terminals

Appendix A Table A-13 Page 1 of 12

Washington Department of Fish and Wildlife
March 2008



Table A-13 (continued).

HPA HCP Marinas Exposure and Response Matrix for Western Brook, River, and Pacific Lamprey.®

Transforming
adults;

Adults

Modifications.

shoreline habitats.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Stream bed disturbance, increased During project construction Temporary Interannual to Eggs and Eggs and ammocoetes: Potential decreased egg | Adhere to system-specific in-water May affect survival of eggs and
turbidity (associated with site and maintenance activities decadal (depending ammocoetes; incubation success and ammocoete survival due | work windows. Avoid work during ammocoetes. May affect growth and
rewatering). on activity Transforming to turbidity exposure and substrate disturbance. | egg incubation and ammocoete stages. | fitness at transforming adult and adult
frequency) adults; Transforming adults and adults: For Pacific and life-history stages.
Adults river lamprey, decreased populations of host
fish such as salmon could decrease available
habitat.
Localized alteration in host fish During project construction Short-term Interannual to Transforming Transforming adults and adults: For Pacific and | Limit area of dewatering to the greatest | May affect growth and fitness at
abundance and maintenance activities decadal (depending adults river lamprey, short-term reductions in host fish | extent practicable. transforming adult life-history stage.
on activity due to increased competition, decreased growth,
frequency) and fitness are expected to affect growth and
survival for these life-stages.
Increased suspended solids During project construction Short-term Interannual to Eggs and All life-history-stages: See responses to related | Limit area of dewatering to the greatest | See effects for related stressors under
and maintenance activities decadal (depending ammocoetes; stressors under Water Quality Modification. extent practicable. Follow established | Water Quality Modification.
on activity Transforming Water quality effects to ammocoetes are a data protocols for dewatering and
frequency) adults: gap. However, as Pacific and river lamprey rewatering.
' feed on host fish, effects of suspended solids on
Adults host fish could affect them. As western brook
lamprey are filter feeders, this may not be a
stressor for transforming adults.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual-decadal Eggs and All life-history stages: See responses described | Avoid fill or, if unavoidable, restore See effects for related stressors under
dredging substrate characteristics and maintenance activities ammocoetes; under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic

Modification.

Aquatic vegetation removal and
delayed recovery

During project construction
and maintenance activities

Intermediate-term

Interannual—decadal

Transforming
adults;

Transforming adults and adults: See responses
described under Aquatic Vegetation

Limit dredging-related disturbance of
submerged aquatic vegetation to the

See effects for related stressors under
Riparian and Aquatic Vegetation

Adults Modification. greatest extent practicable through Modification.
project siting.
Entrainment of benthic organisms, During project construction Temporary to short- Interannual-decadal Eggs and Ammocoetes: Ammocoetes of Pacific and river | Avoid turbidity effects above May cause direct mortality or injury to
increased suspended solids, and maintenance activities term ammocoetes; lamprey mature buried in fine substrates in the background levels. ammocoetes. May affect transforming

resuspension of contaminated
sediments

Transforming
adults;

Adults

lower reaches and estuaries of larger rivers for
extended periods and are therefore vulnerable to
direct injury and mortality from dredging
entrainment.

Transforming adults: Decreased foraging
opportunity due to short-term reduction in prey
availability.

All life-history stages: See responses described
for related stressors under Water Quality
Modification.

adult growth and fitness. See effects
for related stressors under Water
Quality Modification.

Facility Operation/
Vessel Activities

Benthic disturbance
from grounding,
anchoring, and/or prop
wash

Increased turbidity, disturbed
benthic area

Year-round (with intensity
dependent on facility activity
peaks)

Permanent

Common

Eggs and
ammocoetes;

Transforming
adults;

Adults

All life-history stages: Response to increased
turbidity exposure as described for related
stressors under Water Quality Modification.
Response to benthic disturbance as described
for Hydraulic and Geomorphic Madification.

Site facilities in deeper water to avoid
suspension of sediments from prop
wash and grounding. Prevent or
discourage anchoring and provide
alternatives such as mooring buoys
designed in accordance with USACE
guidance.

See effects for related stressors under
Water Quality Modification and
Hydraulic and Geomorphic
Modification.
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Table A-13 (continued).

HPA HCP Marinas Exposure and Response Matrix for Western Brook, River, and Pacific Lamprey.®

peaks)

established)

interannual to

decadal colonization

Transforming
adults;

exposure to non-native pathogens.

regulations. Provide for upland
discharge of ballast water where

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Eggs and Ammocoetes and all life-stages of western Site facilities in deeper water to avoid | See effects for related stressors under
disturbance prevalent during spring and common ammocoetes; brook lamprey: See responses described under | suspension of sediments from prop Riparian and Aquatic Vegetation
summer growth periods with Transforming Riparian and Aquatic Vegetation Modification. | wash and grounding. Prevent or Modification.
intensity dependent on adults: discourage anchoring and provide
activity) ' alternatives such as mooring buoys
Adults designed in accordance with USACE
guidance.
Freshwater aquatic vegetation Year-round (effects most Permanent Intermittent to Eggs and Ammocoetes and all life-stages of western Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common ammocoetes; brook lamprey: See responses described under | suspension of sediments from prop Riparian and Aquatic VVegetation
summer growth periods with Transforming Riparian and Aquatic Vegetation Modification. | wash and grounding. Prevent or Modification.
intensity dependent on adults: discourage anchoring and provide
activity) ' alternatives such as mooring buoys
Adults designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year round (with intensity Permanent Intermittent to Eggs and All life-history stages: Combined responsesto | Avoid and prohibit ballast water See effects for related stressors under
operational discharges dissolved oxygen, and dependent on facility activity common ammocoetes; altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) Transforming suspended solid exposure as described for discharge of ballast water where
related stressors under Water adults; related stressors Water Quality Modification. practicable.
Quality Modification Adults
Introduction of non-native species Year round (with intensity Permanent (once Common Eggs and All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival, growth, and
dependent on facility activity invasive species are introductions with ammocoetes; interactions and food web organization; to ballast water management fitness at all life-history stages. May

affect overall population productivity.

events Adults practicable.
Increased or altered Auditory masking and/or alteration | Year-round, with intensity Permanent Continuous to Eggs and All life-history stages: The effect of Enforce speed and acceleration limits, | The effect of anthropogenic sounds
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent ammocoetes; anthropogenic sounds and the importance of avoid propeller cavitation. and the importance of sound to
peaks (stressor exposure Transforming sound to lampreys is a data gap. lampreys is a data gap.
occurring in spring and adults:
summer during nearshore '
migration) Adults
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Eggs and All life-history stages: Lamprey are not visual Design facilities so majority of All life-history stages: Lamprey are
modification and moored vessel hulls, creating sunset (stressor exposure ammocoetes; feeders; therefore, this is not expected to be a structural and moorage shading occurs | not visual feeders; therefore, this is not
light contrasts requiring visual and occurs in spring and summer Transforming stressor. May be a stressor to host fish. offshore away from submerged aquatic | expected to be a stressor. May be an
behavioral adaptation during nearshore migration) adults: vegetation, migration corridors, and indirect effect by affecting the health
' foraging habitats. Allow at least 10 and fitness of host fish for Pacific and
Adults ft-c light under dock structure to limit river lamprey.
changes in ambient light conditions.
Such measures will support host fish
and filter-feeding lamprey stages.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Eggs and All life-history stages: Lamprey are not visual Reduce and shield facility and vessel All life-history stages: Lamprey are
vessel lighting, creating light sunrise (stressor exposure ammocoetes; feeders; therefore, this is not expected to be a lighting to limit nighttime illumination | not visual feeders; therefore, this is not
contrasts requiring visual and occurs in spring and summer Transforming stressor. May be a stressor to host fish. of the underwater environment. expected to be a stressor. May be an
behavioral adaptation during nearshore migration) adults: indirect effect by affecting the health
' and fitness of host fish for Pacific and
Adults river lamprey.
Marine systems: Decreased light Year-round, sunrise to sunset, | Permanent Continuous to Eggs and All life-history stages: Lamprey are not visual Enforce speed and acceleration limits, All life-history stages: Lamprey are
penetration due to surface with intensity dependent on intermittent ammocoetes; feeders; therefore, this is not expected to be a avoid propeller cavitation. not visual feeders; therefore, this is not

reflectance from fine bubble
profusion produced by prop wash

facility activity peaks (stressor
exposure occurring in spring
and summer during nearshore
migration)

Transforming
adults;

Adults

stressor. May be a stressor to host fish.

expected to be a stressor. May be an
indirect effect by affecting the health
and fitness of host fish for Pacific and
river lamprey. See effects for related
stressors under Aquatic Vegetation
Modification.
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Table A-13 (continued).

HPA HCP Marinas Exposure and Response Matrix for Western Brook, River, and Pacific Lamprey.®

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

Transforming
adults;

Adults

burial depth may lead to direct mortality and
decreased survival of eggs and ammocoetes.

Transforming adults and adults: Not a direct
stressor to the lamprey. For Pacific and river
lamprey, responses depend on stressor
magnitude to host fish, which may include the
following: ‘unavoidable extreme turbidity may
cause physical injury and/or physiological
effects (e.g., gill trauma, altered
osmoregulation, blood chemistry changes).
Moderate to high turbidity may cause
behavioral alteration (e.g., avoidance responses)
leading to increased territoriality, reduced
foraging opportunity, increased predation
exposure, and altered migration behavior.

Adults: Reduction in suitable spawning habitat
(due to substrate embeddedness) and reduced
spawning success.

leading to chronic bank instability.
Avoid short-term turbidity effects
above background levels to greatest
extent practicable. Adhere to
established protocols for managing
sediment and turbidity.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Water Quality
Modification
Increased suspended solids Dependent on contributing Temporary to short- Intermittent to Eggs and Eggs and ammocoetes: Turbidity sufficient to Ensure that project design avoids May affect survival of incubating eggs
mechanism of impact term (dependent on interannual—decadal ammocoetes; cause fine sediment embeddedness or increased | and/or minimizes habitat alterations and ammocoetes. May affect

transforming adult growth and fitness,
as well as adult fitness and spawning
success.

Resuspension of contaminated
sediments, resulting in exposure to
toxic substances

Dependent on contributing

mechanism of impact

Temporary to short-
term (e.g.,
operational spills) to
long-term (e.g.,
reexposure of buried

Intermittent to

interannual-decadal

(dependent on
contributing
mechanism of

Eggs and
ammocoetes;

Transforming
adults;

Eqggs and ammocoetes: Decreased survival;
increased incidence of developmental
abnormalities leading to decreased survival and
fitness is expected, particularly for ammocoetes
exposed to contaminated sediments during

Identify and demarcate all areas with
contaminated sediments, manage and
avoid causes of sediment disturbance
(e.g., define and maintain vessel speed
limits in sensitive areas). Ensure that

May affect survival, growth, and
fitness at egg and ammocoete, adult,
and transforming adult life-history
stages. Reduced growth and fitness
may affect adult spawning

contaminants) impact) Adults burial, but this is currently a data gap. procedures are in place to quickly productivity.
deper]dlng on Transforming adults and adults: For adult contain and clean up spills of toxic
contributing Pacific and river lamprey, exposure to substances. Encourage the use of non-
Introduction of toxic substances mechanism of impact contaminants primarily occurs through host toxic, biodegradable lubricants in
fish. Avoidance, mortality, increased stress, construction vessels.
reduced growth and fitness, tissue
bioaccumulation, increased disease incidence,
and reduced additional stressor toleration,
habitat avoidance, altered or delayed migration
behavior. For Pacific and river lamprey,
exposure through host fish.
Altered dissolved oxygen levels Dependent on contributing Temporary to short- Intermittent to Eggs and All life-history stages: Mortality in acute low Avoid sediment pulses. Limit nutrient | May affect survival of incubating eggs
mechanism of impact term (e.g., permanent ammocoetes; dissolved oxygen events due to asphyxiation. inputs with wastewater and gray water | and ammocoetes. May affect

contaminant spill or
discharge) to
seasonal (e.g.,
reduced submerged
aquatic vegetation
productivity due to
changes in ambient
light patterns)
dependent on
contributing
mechanism of impact

(dependent on
contributing
mechanism of
impact)

Transforming
adults;

Adults

Effects on host fish are stressors to Pacific and
river lamprey.

Transforming adults and adults: A
physiological response to exposure at toxic
levels causing mortality or injury leading to
reduced fitness is a data gap. However, effects
on host fish are known and would affect Pacific
and river lamprey. Bioaccumulation of
contaminants at subacute levels resulting in
chronic physiological effects leading to reduced
fitness and/or mortality. This is a data gap.

holding and no direct waste discharge.

transforming adult survival, growth,
and fitness, as well as adult survival,
productivity, and spawning success.
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Table A-13 (continued).

HPA HCP Marinas Exposure and Response Matrix for Western Brook, River, and Pacific Lamprey.®

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history
Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Altered pH levels

Dependent on contributing

mechanism of impact

Temporary to short-
term (dependent on
contributing

Intermittent to
interannual-decadal
(dependent on

Transforming
adults;

Transforming adults and adults: Physiological
responses to pH levels outside of optimal
thresholds, causing mortality or injury leading

Limit nutrient inputs with wastewater
and gray water holding and no direct
waste discharge. Avoid curing of

May affect survival, growth, and
fitness of transforming adults and
adults.

- i Adults ; - ) -
mechanism of contributing to reduced fitness of host fish for Pacific and concrete or discharge of concrete
impact) mechanism of river lamprey. leachate to surface waters.
impact)
Use of creosote-treated Leaching of polyaromatic Leaching begins upon Long-term (with Continuous with Eggs and All exposed life-history stages: Physiological Promote removal of creosote-treated May affect survival, growth, and
wood hydrocarbons (PAHSs) installation, with highest decreasing seasonal pulses ammocoetes; responses to exposure at toxic levels, causing wood and prevent new uses in fitness of all exposed life-history

levels after initial immersion,
followed by peaks during

periods of increased

temperatures and higher flows.
Leaching more pronounced
when used in fresh water.
Spikes in concentration will
occur during removal due to

leaching from freshly cut
surfaces and dispersal of

sawdust fragments with high

surface area.

concentration
intensity over time)

(associated with high
water temperature
and current velocity)

Transforming
adults;

Adults

mortality or injury leading to reduced fitness for
Pacific and river lamprey. Bioaccumulation of
contaminants at subacute levels resulting in
chronic physiological effects leading to reduced
fitness and/or mortality.

Use of ACZA- and CCA
type C-treated wood

Leaching of metals (Cu, As, Cr, Zn)

Leaching begins upon
installation, with highest
levels occurring within 7

months of initial immersion

Intermediate-term

Continuous with
seasonal pulses
(dependent on current
velocity)

Eggs and
ammocoetes;

Transforming
adults;

All exposed life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological effects

accordance with pertinent regulations.
Avoid use of other treated wood
products where practicable. Use
alternative materials such as concrete,
galvanized steel, plastic lumber,
recycled plastics, and plastic coatings
where practicable. Where treated
wood is necessary, use dense-grained
material to limit leaching. Use plastic
or metal cuffs at abrasion points to
avoid fragmentation and release of
treated wood particulates.

Removal: Completely remove treated
wood where practicable, consistent
with WDNR Standard Practice
Memorandum. When piles are left in
place, cut off at least 2 ft below surface

stages.

Adults leading to reduced fitness and/or mortality. and cap with clean sediment. Contain
and capture sawdust for disposal at
approved facility.
Increased stormwater Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Eggs and All life-history stages: Combined responses to Require facilities to employ modern May affect survival, growth, and
and nonpoint source contaminants, nutrients, altered and spring and summer high ammocoetes; altered pH, altered dissolved oxygen levels, low-impact development and fitness at egg, ammocoete, and

pollution

dissolved oxygen, and increased
suspended solids as discussed

boat-use periods

Transforming
adults

contaminant exposure, and increased suspended
solids as described above.

stormwater treatment technology.
Include operational requirements for

transforming adult life-history stages.
May affect adult spawning

above capture and recycling of marina productivity.
Adults washdown water. Avoid spillage and
overwater washdowns.

Riparian and Shoreline
Vegetation
Modification
Riverine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round, (pronounced in Long-term to Seasonal Eggs and Eggs and ammocoetes: Direct mortality when Avoid/minimize disturbance of May affect survival, growth, and

increased summer temperatures, winter/summer during solar permanent ammocoetes; exposed to temperatures over 68°F for riparian vegetation. Maintain system- | fitness during incubation, rearing, and

Altered ambient air
temperature regime

decreased winter temperatures)

radiation and ambient
temperature extremes)

(dependent on nature
of riparian impacts)

Transforming
adults;

Adults

continuous periods.

Transforming adults: Altered growth and
fitness when exposed to temperatures outside
optimal growth range, and alteration of food
web patterns, including food web supporting
Pacific and river lamprey host fish.

Adults and transforming adults: Direct
mortality caused by exposure to temperatures in
excess of tolerance thresholds.

Adults: Decreased spawning fitness due to
migration delays caused by thermal barriers.

appropriate riparian buffer widths to
the greatest extent possible.

spawning. Likelihood of stressor
exposure is limited, however, as most
settings suitable for marina and
terminal development are in larger
river environments where riparian
vegetation has less effect on
temperature conditions.
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Table A-13 (continued).

HPA HCP Marinas Exposure and Response Matrix for Western Brook, River, and Pacific Lamprey.®

eggs.

high-flow conditions)

on time required for
riparian recovery)

on specific stressor)

Transforming
adults;

rearing ammocoetes. Decreased availability of
host fish for Pacific and river lamprey.

Transforming adults: Decreased refuge habitat

appropriate riparian buffer widths to
the greatest extent possible.

Sub- Exposure

activity Life-history Resulting Effects of the

Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Altered stream bank and | Increased suspended solids and Year-round (with specific Intermediate-term to | Continuous to Eggs and Eggs/ammocoetes: Decreased incubation Avoid/minimize disturbance of May affect survival, growth, and
shoreline stability burial of benthic ammocoetes or stressors prominent during long-term (dependent | seasonal (dependent ammocoetes; success due to burial or scour of eggs and riparian vegetation. Maintain system- | fitness during incubation and

transforming adult and adult fitness of
host fish for Pacific and river lamprey.

oxygen

Transforming
adults;

Adults

appropriate riparian buffer widths to
the greatest extent possible.

Adults availability and foraging opportunities, leading
to increased competition and resulting effects
on growth and fitness for Pacific and river
lamprey host fish. Potential habitat avoidance
and/or injury and mortality caused by excessive
turbidity as described for related stressor
responses under Water Quality Modification.
Adults: Potential effects on migration and
spawning productivity as described for related
stressor responses under Water Quality
Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Ammmocoetes; Transforming adults and ammocoetes: Reduced | Avoid/minimize disturbance of May affect growth and fitness of
inputs derived prey resources. Reduced Transforming foraging opportunities due to decreased food riparian vegetation. Maintain system- | ammocoetes and transforming adults.
aquatic food web productivity due adults web productivity, decreased growth and fitness. | appropriate riparian buffer widths to
to reduction in organic matter the greatest extent possible.
inputs.
Altered habitat Reduced recruitment of large Year-round Short-term to Continuous Transforming Transforming adults: Decreased refuge habitat | Encourage project designs that limit May affect growth and fitness of
complexity woody debris, affecting habitat permanent adults; availability and foraging opportunities, leading permanent alteration of high-quality transforming adults. May affect adult
structure, hydraulic and substrate (dependent on nature Adults to increased competition and resulting effects habitat features. spawning success.
complexity, and availability of of activity) on growth and fitness of host fish for Pacific
organic substrate. Reduced food and river lamprey.
web prod_uct|V|ty, rgdu(_:ed fofag'”g Adults: Increased mortality; decreased fitness
opportunity, Ted”Ft'O” m available and spawning success due to decreased
Cover, .reductlpn in available availability of suitable migratory and spawning
spawning habitat (freshwater) habitat for host fish of Pacific and river
lamprey. Decreased suitable lamprey spawning
habitat.
Altered groundwater— Decreased thermal refuge, Year-round Permanent Continuous Eggs and Lamprey responses to groundwater exchange Avoid/minimize disturbance of Lamprey dependence on groundwater
surface water exchange decreased substrate dissolved ammocoetes; are a data gap. riparian vegetation. Maintain system- | exchange is currently a data gap.

Therefore, the effects of stressor
exposure are unknown.
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Table A-13 (continued).

HPA HCP Marinas Exposure and Response Matrix for Western Brook, River, and Pacific Lamprey.®

Altered ambient air
temperature regime

increased summer temperatures,
decreased winter temperatures)

winter/summer during solar
radiation and ambient
temperature extremes)

permanent
(dependent on nature
of riparian impacts)

adults;
Adults

ambient temperature have a relatively minor
effect on nearshore water temperatures relative
to the dominant influence of marine tidal and
current patterns, wind conditions, and other
factors. However, transforming adult Pacific
and river lamprey trapped in habitats isolated by
tidal exchange (e.g., pocket estuaries) may
experience increased temperatures where shade
and buffer influence has been altered,
potentially leading to mortality or increased
thermal stress. Similar effects on Pacific and
river lamprey host fish may affect foraging
success.

Adults: River lamprey adults are found in
nearshore environments and may experience
similar effects as described above. Similar
effects on river lamprey host fish may affect
foraging success, leading to decreased growth
and spawning fitness.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Marine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round, (pronounced in Long-term to Seasonal Transforming Transforming adults: Riparian shade and Avoid/minimize disturbance of May affect survival, growth, and

fitness of transforming adult Pacific
and river lamprey, as well as adult
river lamprey. Western brook lamprey
have no marine life-history stage.

Altered shoreline and
bluff stability

Increased suspended solids;
secondary effects on habitat
complexity (e.g., through change in
substrate composition, smothering

of aquatic vegetation)

Year-round (with primary
stressor prominent during high
wave energy conditions)

Intermediate-term to
long-term (dependent
on time required for
riparian recovery)

Continuous to
seasonal (dependent
on specific stressor)

Transforming
adults;

Adults

Transforming adults: Decreased refuge habitat
availability and foraging opportunities, leading
to increased competition and resulting effects
on growth and fitness of Pacific and river
lamprey host fish. Potential habitat avoidance
and/or injury and mortality caused by excessive
turbidity as described for related stressor
responses under Water Quality Modification.

Adults: River lamprey adults are found in
nearshore environments and may experience
similar effects as described above. Similar
effects on river lamprey host fish may affect
foraging success, leading to decreased growth
and spawning fitness.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

May affect survival, growth, and
fitness of transforming adult Pacific
and river lamprey, as well as adult
river lamprey. Western brook lamprey
have no marine life-history stage.

Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Transforming Transforming adults: Pacific and river lamprey | Avoid/minimize disturbance of For Pacific and river lamprey, effects
inputs derived prey resources. Reduced occurs during nearshore adults; host fish depend on allochthonous inputs from riparian vegetation. Maintain system- | would be related only to host fish
aquatic food web productivity due rearing period in spring and Adults marine riparian vegetation. Effects on host fish | appropriate riparian buffer widths to dependence on allochthonous inputs.
to reduced organic matter inputs. summer) survival growth and fitness may in turn affect the greatest extent possible. Western brook lamprey have no
lamprey growth and fitness. Those host fish marine life-history stage.
that feed on benthic organisms (such as
mollusks and amphipods) are likely linked to
allochthonous material inputs.
Adults: Adult river lamprey experience same
effects as above.
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Transforming Transforming adults: Decreased refuge habitat | Encourage project designs that limit May affect transforming adult survival,

complexity

woody debris, affecting habitat
structure, hydraulic and substrate
complexity, and availability of
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available

cover

occurs during nearshore
rearing period in spring and
summer)

permanent
(dependent on nature
of activity)

adults;
Adults

availability and foraging opportunities, leading
to increased competition and resulting effects
on growth and fitness of host fish for Pacific
and river lamprey.

Adults: Adult river lamprey experience same
effects as above.

permanent alteration of high-quality
habitat features.

growth, and fitness; adult spawning
success; and overall population
productivity.
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Table A-13 (continued).

HPA HCP Marinas Exposure and Response Matrix for Western Brook, River, and Pacific Lamprey.®

Altered ambient air
temperature regime

increased summer temperatures,
decreased winter temperatures)

winter/summer during solar
radiation and ambient
temperature extremes)

permanent
(dependent on nature
of riparian impacts).

Transforming
adults;

Adults

potentially Pacific lamprey are found in
sheltered nearshore lacustrine habitats, buried in
substrates. Altered water temperatures due to
riparian modification could limit habitat
suitability, affecting survival, growth, and
fitness.

Adults and transforming adults: Adult lamprey
dependence on nearshore lacustrine habitats is
currently a data.gap. However, transforming
adult host fish of Pacific and river lamprey may
become trapped in isolated habitats, which may
increase temperatures and potentially lead to
mortality or increased thermal stress and
decreased fitness of host fish, affecting foraging
opportunities for adults and transforming adults.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Transforming Transforming adults and adults (river lamprey): | Avoid disturbance of vegetation along | Effects of the action resulting from this
surface water exchange productivity; secondary effects on occurs during nearshore adults; Lamprey dependence on groundwater inflow to | shoreline. impact mechanism are unknown.
habitat complexity (e.g., through rearing period in spring and Adults nearshore marine habitats is currently a data
alteration of aquatic vegetation) summer) gap.
Lacustrine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round, (pronounced in Long-term to Seasonal Ammocoetes; Ammocoetes: Larval western brook, river, and | Avoid/minimize disturbance of May affect ammocoete survival,

growth, and fitness. May affect
growth and fitness of adults and
transforming adults.

Altered shoreline and
bluff stability

Increased suspended solids;
secondary effects on habitat
complexity (e.g., through change in
substrate composition, smothering
of aquatic vegetation)

Year-round (with primary
stressor prominent during high
wave energy conditions)

Intermediate-term to
long-term (dependent
on time required for
riparian recovery)

Continuous to
seasonal (dependent
on specific stressor)

Ammocoetes;

Transforming
adults;

Adults

Ammocoetes: Larval western brook, river, and
potentially Pacific lamprey are found in
sheltered nearshore lacustrine habitats, buried in
substrates. Alteration of shoreline stability
could lead to increased sedimentation and
burial, affecting larval survival.

Adults and transforming adults: Decreased
refuge habitat availability and foraging
opportunities, leading to increased competition
and resulting effects on growth and fitness for
Pacific and river lamprey host fish. Potential
habitat avoidance and/or injury and mortality
caused by excessive turbidity as described for
related stressor responses under Water Quality
Modification.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

May affect ammocoete survival. May
affect growth and fitness of adults and
transforming adults.

Altered allochthonous
inputs

Reduced recruitment of terrestrially
derived prey resources. Reduced
aquatic food web productivity due
to reduction of organic matter
inputs

Year-round (stressor exposure
occurs during nearshore
rearing period in spring and
summer)

Permanent

Continuous

Ammocoetes;

Transforming
adults;

Adults

All life-history stages: Lamprey dependence on
allochthonous inputs from shoreline riparian
vegetation is a data gap. However, Pacific and
river lamprey ammoceote benthic filter feeding
stage and the filter feeding of the western brook
lamprey could be affected. This could be a
stressor to the extent the host fish is stressed by
this mechanism of impact.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

May affect ammocoete, transforming
adult, and adult growth and fitness,
depending on species.

Altered habitat
complexity

Reduced recruitment of large
woody debris, affecting habitat
structure, hydraulic and substrate
complexity, and availability of
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover

Year-round (stressor exposure
occurs during nearshore
rearing period in spring and
summer)

Short-term to
permanent
(dependent on nature
of activity)

Continuous

Ammocoetes;

Transforming
adults;

Adults

Ammocoetes: Decrease in availability of
suitable rearing habitat, leading to decreased
survival, growth, and fitness.

Transforming adults and adults: Decreased
refuge habitat availability and foraging
opportunities for host fish, potentially leading to
decreased foraging opportunities for Pacific and
river lamprey with resulting effects on growth
and fitness.

Encourage project designs that limit
permanent alteration of high-quality
habitat features.

May affect ammocoete survival,
growth, and fitness. May affect adult
growth, fitness, and spawning
productivity due to effects on host fish.
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Table A-13 (continued).

HPA HCP Marinas Exposure and Response Matrix for Western Brook, River, and Pacific Lamprey.®

complexity

reduced foraging opportunity,
reduction in available cover,
reduction in available spawning
habitat (freshwater)

permanent
(dependent on nature
of activity)

adults;
Adults

availability and foraging opportunities, leading
to increased competition and predation
exposure resulting in decreased survival,
growth, and fitness of Pacific and river lamprey
host fish.

Adults: Decreased foraging opportunity due to
decreased food web productivity, with resulting
decreased growth and reproductive fitness of
Pacific and river lamprey. River lamprey use
nearshore habitats during this life-history phase,
but dependence on habitat complexity remains a
data gap.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Ammocoetes; All life-history stages: Lamprey dependence on | Avoid/minimize disturbance of Effects of the action resulting from this
surface water exchange productivity; secondary effects on occurs during nearshore Transforming groundwater inflow in lacustrine habitats is riparian vegetation. Maintain system impact mechanism are unknown.
habitat complexity (e.g., through rearing period in spring and adults: currently a data gap. appropriate riparian buffer widths to
alteration of aquatic vegetation) summer) ' the greatest extent possible.
Adults
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Transforming Transforming adults and adults: Reduced Avoid/minimize disturbance of May affect river lamprey transforming
production in spring and summer when adults; foraging opportunities due to decreased food riparian vegetation. Maintain system- | adult and adult growth and fitness, as
vegetation growth is most Adults web productivity; decreased growth and fitness | appropriate riparian buffer widths to well as productivity of Pacific and
extensive) of Pacific and river lamprey host fish. Effects the greatest extent possible. river lamprey host fish.
on host fish in nearshore habitats would also
affect adult river lamprey forage opportunities.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Transforming Transforming adults: Decreased refuge habitat May affect transforming adult survival

and productivity. May affect adult
growth and spawning productivity of
Pacific and river lamprey host fish.
Other effects on adult river lamprey
are a data gap.
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Table A-13 (continued).

HPA HCP Marinas Exposure and Response Matrix for Western Brook, River, and Pacific Lamprey.®

habitat (freshwater)

Adults

decreased prey resources for filter feeding
Western brook lamprey and ammocoete stages
of Pacific and river lamprey. Altered prey
resource effects to lamprey ammocoete life-
history stages are a data gap. Although effects
of altered autochthonous inputs on Western
brook lamprey are a data gap, alterations could
be expected to affect prey resource availability.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Riverine and
Lacustrine
Altered autochthonous Reduced food web productivity. Year-round (most pronounced | Permanent Continuous Ammocoetes; Ammocoetes and transforming adults: Reduced | Design: Site majority of facility May affect ammocoete and
production in spring and summer when Transforming foraging opportunities due to decreased food offshore to limit grounding and prop transforming adult growth and fitness.
vegetation growth is most adults web productivity, decreased growth and fitness | wash effects. Limit project structural
extensive) of Pacific and river lamprey host fish, and footprint to minimize shading of
decreased prey resources for filter-feeding aquatic vegetation to the greatest
Western brook lamprey and ammocoete stages extent practicable. Design overwater
of Pacific and river lamprey. Altered prey structures and mooring buoys in
resource effects to lamprey ammocoete life- accordance with USACE guidance to
history stages are a data gap. Although effects limit shading and anchor scour effects.
of altered autochthonous inputs for western Construction: Avoid/minimize
brook lamprey are a data gap, alteratloqs cc_)L_JId disturbance of aquatic vegetation
be expected to affect prey resource availability. during project construction.
Altered dissolved oxygen Ie\{els _Year-round (most pronounced | Permanent Seasonal Transforming Transforming adults and adults: See_ related Operation: Enforce vessel operation See effects for relat_eq stressors under
due to reduced photosynthesis in spring and summer when adults; stressor responses under Water Quallty_ rules to limit submerged aquatic Water Quality Modification.
vegetation growth is most Adults Alteration. Effects are relate_d to host fish vegetation damage from prop wash,
extensive) effects for both Pacific and river lamprey. grounding, and anchoring.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Ammocoetes; All exposed life-history stages: Reduced Lamprey dependence on habitat
complexity reduced foraging opportunity, permanent Transforming foraging opportunities due to decreased food complexity provided by freshwater
reduction in available cover, (dependent on nature adults: web productivity, decreased growth and fitness aquatic vegetation is a data gap.
reduction in available spawning of activity) ' of Pacific and river lamprey host fish, and
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Table A-13 (continued).

HPA HCP Marinas Exposure and Response Matrix for Western Brook, River, and Pacific Lamprey.®

Sub-
activity
Type Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history
Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Hydraulic and
Geomorphic
Modification

Riverine

Altered channel
geometry

Altered flow velocity

Altered substrate
composition (including
placement of non-
erodable substrate)

Altered groundwater
inputs

Change in habitat structure and
habitat suitability, reduced food
web complexity, and reduced
spawning and rearing habitat
availability and suitability.

Year-round

Permanent

Continuous

Year-round (with stressor
exposures occurring during
high flow events, fall through

spring)

Permanent

Seasonal

Year round

Permanent

Continuous

Year-round, with stressor
exposure occurring during egg
incubation and transforming
adult rearing.

Permanent

Continuos

Eggs and
ammocoetes;

Transforming
adults;

Adults

Eggs and ammocoetes: Changes in channel
morphology, flow velocity, and substrate
composition can alter substrate composition and
stability, leading to decreased incubation
success and ammocoete survival. Pacific and
river lamprey ammocoetes are particularly
vulnerable to impact mechanisms that cause
scour, deposition, or other forms of substrate
modification when buried in fine substrates
during rearing periods, which can last for
several years.

Transforming adults: Altered channel
geometry, flow velocity, and substrate
composition can result in decreased rearing
habitat suitability, as well as changes in food
web complexity. These may limit foraging
opportunities and increase competition for
suitable habitats, leading to decreased growth,
fitness, and survival.

Adults: Changes in channel morphology may
lead to alteration of the migratory corridor and a
reduction in suitable resting habitat, leading to
increased stress and decreased spawning
success. Changes in substrate composition and
stability resulting from altered channel
geometry and flow velocity may lead to
decreased spawning success (e.g., through
reduction in suitable spawning locations and/or
increased scour and/or sedimentation of redds)
if potential spawning habitat is affected

Carefully evaluate project siting and
design and consider the magnitude of
impact mechanisms produced by the
project. Encourage selection of project
designs that minimize effects on
channel geometry, flow velocity,
substrate composition, and
groundwater exchange to the greatest
extent practicable.

May affect survival, growth, and
fitness at egg and ammocoete stages
and egg and transforming adult life-
history stages for host fish of Pacific
and river lamprey. May also affect
spawning productivity.

Addition of impervious
surface

Alteration in the magnitude,

volume, and timing of peak flows

During storm events,
(predominantly from fall
through spring)

Permanent

Common

Eggs and
ammocoetes;

Transforming
adults;

Adults

All life-history stages: Because the amount of
impervious surface associated with marinas is a
relatively inconsequential component of the
overall drainage area of the larger river systems
that would support this type of development, the
magnitude of the hydrologic modification
stressor is expected to be negligible. As such,
this stressor is not expected to significantly
affect the riverine environment, and there will
be no response to the stressor.

Encourage facilities to employ modern
low-impact development and
stormwater treatment technology.

Impervious surface at anticipated scale
should not produce stressors of
sufficient magnitude to adversely
affect lamprey at any life-history stage.
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Table A-13 (continued).

HPA HCP Marinas Exposure and Response Matrix for Western Brook, River, and Pacific Lamprey.®

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Marine
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Transforming Transforming adults and adults: Wave energy, Carefully evaluate project siting and May affect growth and fitness at
habitat suitability, reduced food exposure occuring in spring adults; current velocity, sediment supply, substrate design and consider the magnitude of transforming adult life-history stages
web complexity, habitat availability | and summer when Adults (river composition, and groundwater inputs are core impact mechanisms produced by the through effects on host fish. River
and suitability transforming adults occupy lamprey) ecosystem processes and characteristics that project. Encourage selection of project | lamprey are also known to use
nearshore habitats for rearing) compose the nearshore ecosystem. Alteration designs that minimize effects on nearshore habitats during the adult life-
Altered current Year-round (with variable Permanent Intermittent in one or more of these parameters can sediment supply, longshore drift history stage anq will pe supject to
velocities effects depending on site- fundamentally alter marine littoral habitats, patterns, and wave energy and current | these effects during this period. Direct
s . potentially decreasing the suitability of rearing patterns. For example: dependence on nearshore habitat
specific current dynamics and habitat for | host fish. leading t haracteristics for both .
project configuration) abitat for lamprey host 1ish, Jeading to e  Permeable breakwaters that characteristics Tor both Species IS a
- decreased foraging opportunities for maintain longshore drift patterns data gap. Decreased growth and
Altered nearshore Year-round (with seasonally Permanent Seasonal transforming adult Pacific and river lamprey, " | fitness may affect survival and
circulation patterns variable effects depending on and adult river lamprey. e Suggest alternative designs for productivity during ocean migration
site-specific geography and projects that fragment sources of | |ife-history phase for both species.
bathymetl’y, and project sediment recruitment and Western brook |amprey are non-
configuration) groundwater supply. anadromous and will not be exposed to
Altered sediment supply Year-round (beginning with Permanent Continuous Require beach nourishment to these stressors.
project installation and maintain substrate and beach
becoming more pronounced profile characteristics where
over time) impacts are unavoidable.
Altered substrate Year-round (beginning with Permanent Continuous
composition project installation and
becoming more pronounced
over time [e.g., due to
accumulation of shell-hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater Year-round Permanent Continuous
inputs
Lacustrine
Altered wave energy Change in habitat structure and Year-round (with predominant | Permanent Continuous Ammocoetes; Ammocoetes: Rearing lamprey ammocoetes Carefully evaluate project siting and May affect survival, growth, and
(short-period waves) habitat suitability, reduced food effects from fall through Transforming are found buried in nearshore lacustrine design and consider the magnitude of fitness at ammocoete life-history stage.
web complexity, habitat availability | spring when wind-driven adults: sediments. Modification of hydraulic and impact mechanisms produced by the Effects on host fish may decrease
and suitability waves are most pronounced) ' geomorphic conditions may alter habitat project. Encourage selection of project | survival, growth, and fitness of
Altered current Year-round (with effects more | Permanent Common Adults suitabi_lity, Ieadi_ng to Iimitatio_ns on th_e amount des@gns that minimize effects on transformir}g adult anq a_dult lamprey,
velocities predominant in reservoirs of available h_abltat and {iffgctln_g survival, sediment supply, longshore drift and spawning productivity of adult
growth, and fitness at this life-history stage. patterns, and wave energy and current | lamprey.
versus natural lakes) ) patterns. For example:
Altered nearshore Year-round (with variable Permanent Seasonal Transformllnq adultg_and adults.l Wa\t/)e energy, ble break h
circulation patterns effects by season [e.q., current velocity, sediment supply, substrate *  Permeable breakwaters that
circulation patterns]) composition, and groundwater inputs are core maintain longshore drift patterns.
ecosystem processes and characteristics that ; ;
Altered groundwater Year-round Permanent Continuous compose the nearshore ecosystem. Alteration * Sug_gest alternative designs for
Inputs in or?e or more of these para)rqﬂeteré can prol_ects that frggment sources of
S . sediment recruitment and
Altered sediment supply Year-round Permanent Continuous fundar_nentally a'tef Iacustrln_e I|t_t(_)ral hablta_ts, groundwater supply.
potentially decreasing the suitability of rearing
Altered substrate Year-round Permanent Continuous habitat for host fish, leading to decreased e Require beach nourisment to
composition foraging opportunities for adults and mair)tain substraye gnd beach
transforming adults. Decreased foraging profile characteristics where
opportunities may cause decreased growth and impacts are unavoidable.
fitness, affecting survival during marine
migration and spawning productivity.

% For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-14. HPA HCP Marinas Exposure and Response Matrix for Green and White Sturgeon.?

Sub-

activity
Type

Mechanism of Impact

Exposure

Stressor

Marinas and Shipping/Ferry Terminals

Construction and

Maintenance Activities

Duration

Frequency

Life-history
Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Pile driving

Construction vessel
operation

Channel/work area
dewatering

Increased underwater noise levels During project construction Temporary (auditory | Interannual to Eggs; All exposed life-history stages: Stressor Avoid pile-driving noise in excess of May cause direct mortality or injury at
and maintenance activities masking) to short- decadal (during Larvae: response dependent on noise magnitude and impact thresholds established by all life-history stages. May affect
term (hearing project construction - project-specific environmental conditions; may | NOAA Fisheries and USFWS in survival, growth, and fitness at larval
threshold effects) and maintenance) Juveniles; range from: habitats used by species. Limit pile and juvenile life-history stages. Actual
Adults . ; driving to in-water work windows. effects are uncertain as the sensitivit
Eag rT_10_rtaI|ty due to membrar_le rupfure. Use dguble-confined bubble curtainto | of these species to noise related /
= Fatal injury or permanent auditory tissue reduce sound pressure, or work within | stressors is currently a data gap.
damage caused by barotraumas IImItIng to confined or dewatered work-areas.
larval, juvenile, and adult survival. Encourage use of vibratory hammers
= Increased predation risk and decreased and wooden pilings where practicable.
foraging success due to auditory masking
and/or temporary hearing threshold effects
that increase risk of predation and/or
decrease foraging efficiency due to
decreased ability to sense predators and
prey.
= Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness
Note that actual sound sensitivity of primitive
fish species such as sturgeon is currently a data
gap, so actual harm thresholds are unknown.
Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles; Juveniles: Auditory masking may affect ability | Although, little is known about the May affect juvenile survival due to
levels and maintenance activities masking) to short- decadal (during Adults to avoid predators, leading to effects on effects of anthropogenic sounds on avoidance behavior, decreased
term (hearing project construction survival. Behavioral responses may lead to sturgeon, it is prudent to avoid/ foraging success, and increased
threshold effects) and maintenance) habitat avoidance, affecting growth and fitness. | minimize cavitation to limit noise predation risk. May cause adult
Adults: May cause avoidance behavior. inte_nsity. Promote use of ve_ss_els _ avoidance behavior. ActL_Ja_ll gffgcts are
- equipped with antinoise/ antivibration | unknown as stressor sensitivity is
Note: While these responses are possible, very | technology where practicable. currently a data gap.
little is known of the effects of anthropogenic
sounds on sturgeon at any life-history stage, so
the actual effects of stressor exposure are
uncertain.
Fish removal, relocation, and During project construction Short-term Interannual to Larvae; Juveniles and larvae: Mortality, injury, or stress | Use protocols established by NOAA May cause direct mortality or injury to
exclusion and maintenance activities decadal (depending Juveniles from capture, handling, and relocation. Fisheries and WDFW/WSDOT to larvae and juveniles. Stress from
on activity Sturgeon larvae may be too small to capture avoid and minimize impacts. relocation may affect survival, growth,
frequency) effectively, leading to mortality or injury from and fitness.
asphyxiation.
Entrainment in pumps or During project construction Short-term Interannual to Larvae; Larvae and juveniles: Injury or mortality from Install and maintain pump screens May cause direct mortality of larvae
impingement on pump screens and maintenance activities decadal (depending Juveniles pump entrainment or impingement. consistent with WDFW protocols. and juveniles.

on activity
frequency)

Adhere to system-specific in-water
work windows; avoid use when
juveniles are present.
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Table A-14 (continued).

HPA HCP Marinas Exposure and Response Matrix for Green and White Sturgeon.?

greatest extent practicable through
project siting.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Altered flow conditions (riverine) During project construction Short-term Interannual to Larvae; Larvae: May affect settlement, leading to Limit alteration of flow conditions to May affect survival during larval life-
and maintenance activities decadzfll .(depending Juveniles: decreased larval survival. minimal area. history stage. May affect juvenile and
on activity ' Juveniles and adults: Sturgeon feed adult growth and fitness.
frequency) Adults o e : '
pportunistically on benthic organisms, such as
aquatic insect larvae and fish. Substrate effects
on these prey organisms could affect prey
availability, resulting in decreased growth and
fitness.
Altered current and circulation During project construction Short-term Interannual to Juveniles; Juvenile (over 1 ft length-[marine]) and adults: To greatest extent practicable, limit Effects from exposure to this stressor
conditions (marine) and maintenance activities decadal (depending Adults Because of the limited temporal and spatial alteration of current and circulation are expected to be insignificant and
on activity extent of alteration to sturgeon marine habitat, patterns to minimal area. discountable.
frequency) project effects on marine circulation are a
relatively inconsequential component.
Therefore, the magnitude of project hydrologic
modification is expected to be negligible. As
such, this stressor is not expected to
significantly affect the marine environment, and
there will be no response to the stressor.
Stream bed disturbance, increased During project construction Temporary Interannual to Eggs and larvae; Eggs and larvae: Potential decreased egg Adhere to system-specific in-water May affect survival during egg and
turbidity (associated with site and maintenance activities decadal (depending Juveniles: incubation success and larval survival due to work windows. Avoid work during larval life-history stages. May affect
rewatering) on activity ' turbidity exposure and substrate disturbance. egg incubation periods. juvenile survival, growth, and
frequency) Adults Green sturgeon eggs lack thick jelly coat of productivity. May cause adult
other sturgeon species and develop more avoidance behavior, potentially
rapidly, indicating greater sensitivity to acute delaying migration and limiting
turbidity. spawning productivity; however,
Juveniles: Stress and behavioral modifications actual sensitivity to these stressors is a
by rearing juveniles exposed to sediment pulses, data gap.
migration delay, reduced foraging opportunities,
and increased predation risk.
Adults: May cause avoidance behavior,
potentially delaying migration.
Localized alteration in invertebrate | During project construction Short-term Interannual to Juveniles Juveniles: Short-term reduction in foraging Limit area of dewatering to the greatest | May affect growth and fitness at
abundance and maintenance activities decadal (depending opportunity, increased competition, decreased extent practicable. juvenile life-history stage.
on activity growth and fitness.
frequency)
Increased suspended solids During project construction Short-term Interannual to Eggs and larvae; | All life-history stages: See responses to related | Limit area of dewatering to the greatest | See effects for related stressors under
and maintenance activities decadal (depending Juveniles: stressors under Water Quality Modification. extent practicable. Follow established | Water Quality Modification
on activity ' protocols for dewatering and
frequency) Adults rewatering.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual-decadal Eggs; All life-history stages: See responses above Avoid fill or, if unavoidable, restore See effects for related stressors under
dredging substrate characteristics and maintenance activities Larvae: under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic
' Modifications. shoreline habitats. Modification.
Juveniles;
Adults
Aquatic vegetation removal and During project construction Intermediate-term Interannual-decadal Juveniles; Juveniles and adults: See responses under Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Adults Aquatic Vegetation Modification. submerged aquatic vegetation to the Riparian and Aquatic Vegetation

Modification.
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Table A-14 (continued). HPA HCP Marinas Exposure and Response Matrix for Green and White Sturgeon.?

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism

Entrainment of benthic organisms, Interannual-decadal
increased suspended solids,
resuspension of contaminated

sediments

During project construction Temporary to short-
and maintenance activities term

Eggs and larvae; | Eggs and larvae: Non-mobile eggs and larvae
may experience injury or mortality from dredge

entrainment.

Avoid turbidity effects above
background levels.

May cause direct injury or mortality of
eggs and larvae. May affect juvenile
growth and fitness. See effects for
related stressors under Water Quality
Modification.

Juveniles;
Adults Juveniles and adults: Decreased growth and
fitness due to stress and exertion caused by
avoidance behavior and decreased foraging
opportunity caused by short-term reduction in
prey availability.

All life-history stages: See responses described
for related stressors under Water Quality
Modification.

Facility Operation/
Vessel Activities

Benthic disturbance Increased turbidity, disturbed Year-round (with intensity Permanent Common Eggs and larvae; | Eggs and larvae: May cause direct mortality or | Site facilities in deeper water to avoid May cause direct mortality or injury to
from grounding, benthic area dependent on facility activity Juveniles: injury to eggs and larvae, depending on site- suspension of sediments from prop eggs and larvae. See effects for related
anchoring, and/or prop peaks) ' specific conditions and habitat use. wash and grounding. Prevent or stressors under Water Quality
wash Adults Al life-history stages: Response to increased discourgge anchoring and_ provide Modificatipn and _H_ydrfiulic and
turbidity exposure as described for related alte_rnatlvc_as such as mooring buoys Geomorphic Modification.
stressors under Water Quality Modification. de§|gned in accordance with USACE
Response to benthic disturbance as described guidance.
for Hydraulic and Geomorphic Madification.
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Juveniles; Juveniles and adults: See responses described Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Adults under Aquatic Vegetation Modification. suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods with wash and grounding. Prevent or
intensity dependent on discourage anchoring and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Freshwater aquatic vegetation Year-round (effects most Permanent Intermittent to Juveniles; Juveniles and adults: See responses described Site facilities in deeper water to avoid | See effects for related stressors under
disturbance prevalent during spring and common Adults under Aquatic Vegetation Modification. suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods with wash and grounding. Prevent or
intensity dependent on discourage anchoring and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year-round (with intensity Permanent Intermittent to Eggs and larvae; | All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under

operational discharges dissolved oxygen, and dependent on facility activity common Juveniles; altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) Adults suspended solid exposure as described for discharge of ballast water where
related stressors under Water related stressors under Water Quality practicable.
Quality Modification Modification.
Introduction of non-native species Year-round (with intensity Permanent (once Common Eggs and larvae; | All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival and productivity at

dependent on facility activity invasive species are introductions with Juveniles; interactions and food web organization; to ballast water management all life-history stages.
peaks) established) interannual to Adults exposure to non-native pathogens. regulations. Provide for upland
decadal colonization discharge of ballast water where
events practicable.
Increased or altered Auditory masking and/or alteration | Year-round (with intensity Permanent Continuous to Juveniles; Adults and juveniles: Sensitivity of sturgeon to | Enforce speed and acceleration limits; Effects of stressor exposure are
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults auditory masking is currently a data gap. avoid cavitation. unknown as species sensitivity to

peaks [stressor exposure
occurring in spring and
summer during nearshore
migration])

auditory masking is a data gap.
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Table A-14 (continued).

HPA HCP Marinas Exposure and Response Matrix for Green and White Sturgeon.?

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Ambient light Daytime shading from structures Year-round, from sunrise to Permanent Daily Juveniles; All exposed life-history stages: Sensitivity of Design facilities so majority of Effects of stressor exposure are
modification and moored vessel hulls, creating sunset (stressor exposure Adults these species to ambient light modification is structural and moorage shading occurs | unknown as species sensitivity to
light contrasts requiring visual and occurs in spring and summer currently a data gap. offshore away from submerged aquatic | ambient light modification is a data
behavioral adaptation during nearshore migration) vegetation, migration corridors, and gap.
foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions.
Nighttime artificial facility and Year-round, from sunset to Permanent Daily Juveniles; All exposed life-history stages: Sensitivity of Reduce and shield facility and vessel Effects of stressor exposure are
vessel lighting, creating light sunrise (stressor exposure Adults these species to ambient light modification is lighting to limit nighttime illumination | unknown as species sensitivity to
contrasts requiring visual and occurs in spring and summer currently a data gap. of the underwater environment. ambient light modification is a data
behavioral adaptation during nearshore migration) gap.
Marine systems: Decreased light Year-round, sunrise to sunset, Permanent Continuous to Juveniles; All exposed life-history stages: Sensitivity of Enforce speed and acceleration limits; Effects of stressor exposure are
penetration due to surface with intensity dependent on intermittent Adults these species to ambient light modification is avoid cavitation. unknown as species sensitivity to
reflectance from fine bubble facility activity peaks (stressor currently a data gap. ambient light modification is a data
profusion produced by prop wash exposure occurring in spring gap.
and summer during nearshore
migration)
Water Quality
Modification

Increased suspended solids

Dependent on contributing
mechanism of impact

Temporary to short-
term (dependent on
contributing
mechanism of
impact)

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and larvae;
Juveniles;
Adults

Eqggs and larvae: Turbidity may lead to direct
mortality and decreased survival of eggs and
larvae. Green sturgeon eggs lack thick jelly
coat of other sturgeon species and develop more
rapidly, indicating greater sensitivity to acute
turbidity.

Juveniles and adults: Responses vary
depending on stressor magnitude. Unavoidable
extreme turbidity may cause physical injury
and/or physiological effects (e.g., gill trauma,
altered osmoregulation, blood chemistry
changes). Moderate to high turbidity may cause
behavioral alteration (e.g., avoidance responses)
leading to reduced foraging opportunity,
increased predation exposure, and altered
migration behavior.

Ensure that project design avoids
and/or minimizes habitat alterations
leading to chronic bank instability.
Avoid short-term turbidity effects
above background levels to greatest
extent practicable. Adhere to
established protocols for managing
sediment and turbidity.

May affect survival of eggs and larvae.
May affect juvenile productivity and
adult productivity and spawning
success. May cause direct mortality or
injury in acute events.

Resuspension of contaminated
sediments, resulting in exposure to
toxic substances

Introduction of toxic substances

Dependent on contributing
mechanism of impact

Temporary to short-
term (e.g.,
operational spills) to
long-term (e.g.,
reexposure of buried
contaminants)
depending on
contributing
mechanism of impact

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and larvae;
Juveniles;
Adults

Eqggs and larvae: Decreased survival; increased
incidence of developmental abnormalities
leading to decreased survival and fitness.

Juveniles and adults: Avoidance, mortality,
increased stress, reduced growth and fitness,
tissue bioaccumulation, increased disease
incidence, and reduced additional stressor
toleration, habitat avoidance, altered or delayed
migration behavior. Due to their long lifespan
and high age at maturity, adult sturgeon are at
risk from adverse effects from bioaccumulation
of contaminants. Chronic exposure to
contaminants may affect adult survival, growth,
fitness, and spawning productivity.

Identify and demarcate all areas with
contaminated sediments, manage and
avoid causes of sediment disturbance
(e.g., define and maintain vessel speed
limits in sensitive areas). Ensure that
procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of non-
toxic, biodegradable lubricants in
construction vessels.

May affect survival and productivity at
egg, larvae, and juvenile life-history
stages. May affect adult survival,
growth, fitness, and spawning
productivity.
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Table A-14 (continued).

HPA HCP Marinas Exposure and Response Matrix for Green and White Sturgeon.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history
Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Altered dissolved oxygen levels

Dependent on contributing

Temporary to short-

Intermittent to

Eggs and larvae;

All life-history stages: Mortality in acute low

Avoid sediment pulses. Limit nutrient

May affect survival of incubating eggs

mechanism of impact term (e.g., permanent Juveniles; dissolved oxygen events due to asphyxiation. inputs associated with discharges of and larvae. May affect juvenile and
cpntaminant spill or (depe_nde_nt on Adults Juveniles and adults: Physiological responses to wastewater and gray water. Other adult survival, .growth, and fitness.
discharge) to contrlbu_tmg exposure at levels exceeding tolerance mechan!sm-specmc measures as
seasonal (e.g., mechanism of thresholds, causing mortality or injury leading | PPropriate.
reduced submerged | impact) to reduced fitness. Avoidance behavior during
aquatic vegetation subacute events.
productivity due to
changes in ambient
light patterns)
depending on
contributing
mechanism of impact
Altered pH levels Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles and adults: Physiological responses Limit nutrient inputs with wastewater May affect survival and productivity of
mechanism of impact term (depending on interannual—decadal Adults to pH levels outside of optimal thresholds, and gray water holding and no direct juveniles and adults.

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.

waste discharge. Prevent in-water
curing of concrete and discharge of
concrete leachate to surface waters.

Use of creosote-treated
wood

Leaching of polyaromatic
hydrocarbons (PAHSs)

Leaching begins upon
installation, with highest
levels after initial immersion,
followed by peaks during
periods of increased
temperatures and higher flows.
Leaching more pronounced
when used in freshwater.
Spikes in concentration will
occur during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.

Long-term (with
decreasing
concentration
intensity over time)

Continuous with
seasonal pulses
(associated with high
water temperature
and current velocity)

Eggs and larvae;
Juveniles;
Adults

Use of ACZA- and CCA
type C-treated wood

Leaching of metals (Cu, As, Cr, Zn)

Leaching begins upon
installation, with highest
levels occurring within 7
months of initial immersion

Intermediate-term

Continuous with
seasonal pulses
(dependent on current
velocity)

Eggs and larvae;
Juveniles;
Adults

All exposed life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological effects
leading to reduced fitness and/or mortality. Due
to their long lifespan and high age at maturity,
adult sturgeon are at risk from adverse effects
from bioaccumulation of contaminants.
Chronic exposure to contaminants may affect
adult survival, growth, fitness, and spawning
productivity.

Promote removal of creosote-treated
wood and prevent new uses in
accordance with pertinent regulations.
Avoid use of other treated wood
products where practicable. Use
alternative materials such as concrete,
galvanized steel, plastic lumber,
recycled plastics, and plastic coatings
where practicable. Where treated
wood is necessary, use dense-grained
material to limit leaching. Use plastic
or metal cuffs at abrasion points to
avoid fragmentation and release of
treated wood particulates.

Removal: Completely remove treated
wood where practicable, consistent
with WDNR Standard Practice
Memorandum. When piles are left in
place, cut off at least 2 ft below surface
and cap with clean sediment. Contain
and capture sawdust for disposal at
approved facility.

May affect survival, growth, and
fitness of all exposed life-history
stages.

Increased stormwater
and nonpoint

source pollution

Combined effects of altered pH,
contaminants, nutrients, altered
dissolved oxygen, and increased
suspended solids

Fall and winter rain events,
and spring and summer high
boat-use periods

Permanent

Intermittent

Eggs and larvae;
Juveniles
Adults

All life-history stages: Combined responses to
altered pH, altered dissolved oxygen levels,
contaminant exposure, and increased suspended
solids as described above.

Require facilities to employ modern
low-impact development and
stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

May affect survival, growth, and
fitness at egg, larvae, and juvenile life-
history stages. May affect adult
survival, growth, fitness, and spawning
productivity.
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Table A-14 (continued).

HPA HCP Marinas Exposure and Response Matrix for Green and White Sturgeon.?

Altered ambient air
temperature regime

increased summer temperatures,
decreased winter temperatures).

winter/summer during solar
radiation and ambient
temperature extremes)

permanent
(dependent on nature
of riparian impacts).

Juveniles;
Adults

temperatures in excess of 68°F (20°C).

Juveniles: Altered growth and productivity
caused by temperatures outside optimal growth
range, and alteration of food web patterns.
Decreased growth when exposed to
temperatures in excess of 75°F (24°C).

Adults: Exposure to thermal barriers is unlikely
as spawning migrations occur in mid- to late-
winter and spawning occurs in turbulent river
mainstems.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Riparian and Shoreline
Vegetation
Modification
Riverine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Eggs and larvae; Eqggs and larvae: Direct mortality of embryos at | Avoid/minimize disturbance of May affect survival, growth, and

fitness during incubation, rearing, and
spawning. Likelihood of stressor
exposure is limited, however, as most
settings suitable for marina and
terminal development are in larger
river environments where riparian
vegetation has less effect on
temperature conditions.

Altered stream bank and
shoreline stability

Increased suspended solids and
burial of benthic organisms

Year-round (with specific
stressors prominent during

Intermediate-term to
long-term (dependent

Continuous to
seasonal (dependent

Eggs and larvae;

Eqggs and larvae: Decreased incubation success
and larval survival due to effects of turbidity

Avoid/minimize disturbance of
riparian vegetation. Maintain system-

May affect survival during incubation
larval dispersal, as well as survival,

(juvenile prey) or eggs attached to high flow conditions) on time required for on specific stressor) Juveniles; exposure as described above under Water appropriate riparian buffer widths to growth, and fitness during juvenile
coarse substrate riparian recovery) Quality Modification. the greatest extent possible. rearing.
Juveniles: Decreased refuge habitat availability
and foraging opportunities, leading to increased
competition and resulting effects on growth and
fitness. Potential habitat avoidance and/or
injury and mortality caused by excessive
turbidity as described for related stressor
responses under Water Quality Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Juveniles Juveniles: Juvenile sturgeon are opportunistic Avoid/minimize disturbance of May affect juvenile growth and fitness.
inputs derived prey resources; reduced feeders and may utilize allochthonous inputs in | riparian vegetation. Maintain system-
aquatic food web productivity due the form of terrestrially insect-fall. Reduced appropriate riparian buffer widths to
to reduction in organic matter foraging opportunities due to decreased food the greatest extent possible.
inputs web productivity may lead to decreased growth
and fitness.
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat availability | Encourage project designs that limit May affect juvenile survival, growth,
complexity reduced foraging opportunity, permanent and foraging opportunities, leading to increased | permanent alteration of high-quality and fitness.
reduction in available cover, (dependent on nature competition and resulting effects on growth and | habitat features.
reduction in available spawning of activity) fitness.
habitat (freshwater)
Altered groundwater— Reduced thermal refuge, reduced Year-round Permanent Continuous Juveniles Juveniles: Sturgeon dependence on Avoid disturbance of vegetation along | Effects of action resulting from this

surface water exchange

substrate dissolved oxygen, altered
food web productivity

groundwater exchange is currently a data gap.
However, juveniles are dependent on water
temperatures less than 75°F (24°C) for optimal
growth. Reduction in thermal refuge habitat
may lead to avoidance behavior, decreased
growth, and decreased fitness.

stream.

impact mechanism are unknown, as
sturgeon dependence on groundwater-
surface water exchange is a data gap.
However, loss of thermal refuge
habitat may affect juvenile growth and
fitness.
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Table A-14 (continued).

HPA HCP Marinas Exposure and Response Matrix for Green and White Sturgeon.?

inputs

derived prey resources; reduced
aquatic food web productivity due
to reduction of organic matter
inputs

occurs during nearshore
rearing period in spring and
summer)

allochthonous inputs from lacustrine riparian
vegetation is a data gap. However, juvenile
sturgeon are opportunistic feeders. Loss of
terrestrial insect-fall could lead to decreased
foraging opportunities, affecting growth and
fitness.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism

Marine

Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Adults Adults: Riparian shade and ambient Avoid/minimize disturbance of Effects of stressor exposure on adult
increased summer temperatures, winter/summer during solar permanent temperature have a relatively minor effect on riparian vegetation. Maintain system- | sturgeon are expected to be
decreased winter temperatures) radiation and ambient (dependent on nature nearshore water temperatures relative to the appropriate riparian buffer widths to insignificant and discountable.

temperature extremes) of riparian impacts) dominant influence of marine tidal and current the greatest extent possible.

Altered ambient air patterns, wind conditions, and other factors.

temperature regime Adult use of nearshore marine habitats is

limited; therefore, stressor exposure is unlikely
to occur.

Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to Adults Adults: Adult use of nearshore marine habitats | Avoid/minimize disturbance of Effects of stressor exposure on adult

bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent is limited; therefore, stressor exposure is riparian vegetation. Maintain system- | sturgeon are expected to be
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) unlikely to occur. appropriate riparian buffer widths to insignificant and discountable.
substrate composition, smothering riparian recovery) the greatest extent possible.
of aquatic vegetation)

Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Adults Adults: Sturgeon dependence on autochthonous | Avoid/minimize disturbance of Sensitivity to stressor exposure is

inputs derived prey resources; reduced occurs during nearshore inputs from marine riparian vegetation is a data | riparian vegetation. Maintain system- | currently a data gap; therefore, the
aquatic food web productivity due rearing period in spring and gap. appropriate riparian buffer widths to effects of the action from this impact
to reduced organic matter inputs summer) the greatest extent possible. mechanism are unknown.

Altered habitat Reduced food web productivity, Year-round (stressor exposure | Short-term to Continuous Adults Adults: Adult use of nearshore marine habitats | Encourage project designs that limit Effects of stressor exposure on adult

complexity reduced foraging opportunity, occurs during nearshore permanent is limited; therefore, stressor exposure is permanent alteration of high-quality sturgeon are expected to be
reduction in available cover rearing period in spring and (dependent on nature unlikely to occur. habitat features. insignificant and discountable.

summer) of activity)

Altered freshwater input | Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Adults Adult: Sturgeon dependence on groundwater Avoid/minimize disturbance of Sensitivity to stressor exposure is
productivity; secondary effects on occurs during nearshore inflow to nearshore marine habitats is currently | riparian vegetation. Maintain system- | currently a data gap; therefore, the
habitat complexity (e.g., through rearing period in spring and a data gap. However, adult use of nearshore appropriate riparian buffer widths to effects of the action from this impact
alteration of aquatic vegetation) summer) marine habitats is limited; therefore, stressor the greatest extent possible. mechanism are unknown.

exposure is unlikely to occur.

Lacustrine

Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile growth and fitness.
increased summer temperatures, winter/summer during solar permanent temperature have a relatively minor effect on riparian vegetation. Maintain system-
decreased winter temperatures) radiation and ambient (dependent on nature nearshore water temperatures relative to the appropriate riparian buffer widths to

temperature extremes) of riparian impacts). dominant influence of turnover time, the greatest extent possible.
stratification patterns, wind conditions, and

Altered ambient air other factors. However, the suitability of some

temperature regime protected habitats such as isolated embayments

may be affected, leading to decreased rearing
habitat availability and increased competition,
leading to decreased growth and fitness.

Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to Juveniles Juveniles: Decreased refuge habitat availability | Avoid/minimize disturbance of May affect juvenile growth and fitness.

bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent and foraging opportunities, leading to increased | riparian vegetation. Maintain system-
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) competition and resulting effects on growth and | appropriate riparian buffer widths to
substrate composition, smothering riparian recovery) fitness. Potential habitat avoidance and/or the greatest extent possible.
of aquatic vegetation) injury and mortality caused by excessive

turbidity as described for related stressor
responses under Water Quality Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Sturgeon dependence on Avoid/minimize disturbance of May affect juvenile growth and fitness.
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Table A-14 (continued).

HPA HCP Marinas Exposure and Response Matrix for Green and White Sturgeon.?

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Altered habitat Reduced food web productivity, Year-round (stressor exposure | Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat availability | Encourage project designs that limit May affect juvenile growth and fitness.
complexity reduced foraging opportunity, occurs during nearshore permanent and foraging opportunities, leading to increased | permanent alteration of high-quality
reduction in available cover rearing period in spring and (dependent on nature competition and resulting effects on growth and | habitat features.
summer) of activity) fitness.
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Sturgeon dependence on Avoid/minimize disturbance of Effects of action resulting from this
surface water exchange productivity; secondary effects on occurs during nearshore groundwater inflow to nearshore lacustrine riparian vegetation. Maintain system impact mechanism are unknown, as
habitat complexity (e.g., through rearing period in spring and habitats is currently a data gap. However, appropriate riparian buffer widths to sturgeon dependence on lacustrine
alteration of aquatic vegetation) summer) juveniles are dependent on water temperatures the greatest extent possible. groundwater inflow is a data gap.
less than 75°F (24°C) for optimal growth. However, loss of thermal refuge
Reduction in thermal refuge habitat may lead to habitat may affect juvenile growth and
avoidance behavior, decreased growth, and fitness.
decreased fitness.
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Adults Adults: Adult sturgeon dependence on Design: Site majority of facility May affect adult growth and fitness.
production in spring and summer when nearshore aquatic vegetation is a data gap. offshore to limit grounding and prop However, localized effects are likely to
vegetation growth is most However, this species feeds on mollusks, fish, wash effects. Limit project structural be insignificant.
extensive) and invertebrate species dependent on nearshore | footprint to minimize shading of
food web productivity. Therefore, this stressor aquatic vegetation to the greatest
could indirectly affect adult growth and fitness. | extent practicable. Design overwater
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Adults Adults: Adult sturgeon dependence on struct(LjJres and rpoorlng buoy_sdm
complexity reduced foraging opportunity, permanent nearshore habitat complexity is limited. accordance wit USACE guidance to
reduction in available cover, (dependent on nature However, effects on habitat complexity may limit shading and anchor scour effects.
reduction in available spawning of activity) limit the availability and productivity of prey Construction: Avoid/minimize
habitat (freshwater) species; therefore, this stressor could indirectly | disturbance of aquatic vegetation
affect adult growth and fitness. Given the during project construction.
extended marine foraging habitats used by o ;
sturgeon, localized effects are likely to be %ﬁifggﬁ:ﬁir\éee?ihﬁgg?non
insignificant. vegetation damage from prop wash,
grounding, and anchoring, and reduced
solar light penetration due to propeller-
induced fine bubbles.
Riverine and
Lacustrine
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Juvenile sturgeon are known to feed | Design: Site majority of facility May affect juvenile productivity.
production in spring and summer when opportunistically upon benthic prey organisms offshore to limit grounding and prop
vegetation growth is most and fish dependent upon autochthonous wash effects. Limit project structural
extensive) material; reducing autochthonous production footprint to minimize shading of
may decrease foraging opportunities, leading to | aquatic vegetation to the greatest
increased competition and resulting effects on extent practicable. Design overwater
growth and fitness. structures and mooring buoys in
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles Juveniles: Reduced aquatic habitat complexity accordance with USACE guidance to May affect juvenile survival, growth,
complexity reduced foraging opportunity, permanent may limit the availability of suitable refuge and limit shading and anchor scour effects. and fitness.
reduction in available cover, (dependent on nature foraging habitat, leading to increased predation | Construction: Avoid/minimize
reduction in available spawning of activity) exposure and decreased foraging opportunities, | disturbance of aquatic vegetation
habitat (freshwater) affecting survival, growth, and fitness. during project construction.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring.
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Table A-14 (continued).

HPA HCP Marinas Exposure and Response Matrix for Green and White Sturgeon.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history
Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Hydraulic and
Geomorphic
Modification

Riverine

Altered channel
geometry

Altered flow velocity

Altered substrate
composition (including
placement of non-
erodable substrate)

Altered groundwater
inputs

Change in habitat structure and
habitat suitability, reduced food
web complexity, reduced spawning
and rearing habitat availability and
suitability

Year-round

Permanent

Continuous

Year-round (with stressor
exposures occurring during
high-flow events, fall through

spring)

Permanent

Seasonal

Year-round

Permanent

Continuous

Year-round, with stressor
exposure occurring during egg
incubation and juvenile
rearing.

Permanent

Continuos

Eggs and larvae;
Juveniles
Adults

Eqggs and larvae: Sturgeon are believed to
spawn in swift current environments in part
because the high velocities protect eggs from
predation. Changes in channel morphology,
flow velocity, and substrate composition can
alter substrate composition and stability, leading
to decreased incubation success, and potentially
increased predation exposure. Changes in flow
regime may cause larvae to be transported to
environments unfavorable for survival.

Juveniles: Altered channel geometry, flow
velocity, and substrate composition can result in
decreased rearing habitat suitability and
changes in food web complexity. This may
limit foraging opportunities and increase
competition for suitable habitats, leading to
decreased growth, fitness, and survival.
Juvenile dependence on groundwater exchange
is a data gap; however, loss of thermal refuge
may decrease the availability of suitable rearing
habitat, leading to decreased growth and fitness.

Adults: Changes in channel morphology may
lead to alteration of the migratory corridor and a
reduction in suitable resting habitat, leading to
increased stress and decreased spawning
success. Changes in substrate composition and
stability resulting from altered channel
geometry and flow velocity may lead to
decreased spawning success (e.g., through
reduction in suitable spawning locations) if
potential spawning habitat is affected

Carefully evaluate project siting and
design and consider the magnitude of
impact mechanisms produced by the
project. Encourage selection of project
designs that minimize effects on
channel geometry, flow velocity,
substrate composition, and
groundwater exchange to the greatest
extent practicable.

May affect survival at egg and larval
life-history stages. May affect juvenile
growth and fitness. May affect adult
spawning productivity.

Addition of impervious
surface

Alteration in the magnitude,
volume, and timing of peak flows.

During storm events,
predominantly from fall
through spring.

Permanent

Common

Eggs and larvae;
Juveniles
Adults

All life-history stages: Because the amount of
impervious surface associated with marinas is a
relatively inconsequential component of the
overall drainage area of the larger river systems
that would support this type of development, the
magnitude of the hydrologic modification
stressor is expected to be negligible. As such,
this stressor is not expected to significantly
affect the riverine environment, and there will
therefore be no response to the stressor.

Encourage facilities to employ modern
low impact development and
stormwater treatment technology.

Impervious surface at anticipated scale
would not produce stressors of
sufficient magnitude to adversely
affect sturgeon at any life-history
stage.
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Table A-14 (continued). HPA HCP Marinas Exposure and Response Matrix for Green and White Sturgeon.?

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Marine
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Adults Adults: Wave energy, current velocity, Carefully evaluate project siting and May affect adult growth and fitness.
habitat suitability, reduced food exposure occuring in spring sediment supply, substrate composition, and design and consider the magnitude of
web complexity, habitat availability | and summer when juveniles groundwater inputs are core ecosystem impact mechanisms produced by the
and suitability occupy nearshore habitats for processes and characteristics that compose the project. Encourage selections of
rearing) nearshore ecosystem. Alteration in one or more | project designs that minimize effects
Altered current Year-round (with variable Permanent Intermittent (r);atrhﬁseel g?;?;?ﬁfé.stgén flcj)?grirgflnuiilgrzgs'rn Ogtts:rdnlgngrr::jsugp!eyé:](érr\gshac;rg g“r]:ent
velocities effects depending on site- inet s, p lally Ing p ' wav ay u

marine food web productivity and availability patterns. For example:
of prey species. This could lead to decreased
adult growth and fitness, however incremental

specific current dynamics and
project configuration) Permeable breakwaters that maintain

longshore drift patterns

Altered nearshore Year-round (with seasonally Permanent Seasonal effects may not be significant considering the

circulation patterns variable effects depending on wide ranging marine habitats of adult sturgeon. | Suggest alternative designs for projects
site-specific geography and that fragment sources of sediment
bathymetry and project recruitment and groundwater supply
configuration) Require beach nourisment to maintain

Altered sediment supply Year-round (beginning with Permanent Continuous substrate and beach profile
project installation and characteristics where impacts are
becoming more pronounced unavoidable
over time)

Altered substrate Year-round (beginning with Permanent Continuous

composition project installation and

becoming more pronounced
over time [e.g., due to
accumulation of shell hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])

Altered groundwater Year-round Permanent Continuous
inputs
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Table A-14 (continued).

HPA HCP Marinas Exposure and Response Matrix for Green and White Sturgeon.?

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Lacustrine
Altered wave energy Change in habitat structure and Year-round (with predominant | Permanent Continuous Larvae; Larvae and juveniles: Wave energy, current Carefully evaluate project siting and May affect survival at larval life-
(short-period waves) habitat suitability, reduced food effects from fall through Juveniles: velocity, sediment supply, substrate design and consider the magnitude of history stage. May affect growth and
web complexity, habitat availability | spring when wind-driven ' composition, and groundwater inputs are core impact mechanisms produced by the fitness at juvenile life-history stage.
and suitability waves are most pronounced) Adults ecosystem processes and characteristics that project. Encourage selections of May affect adult growth and fitness,
- compose the nearshore ecosystem. Alteration project designs that minimize effects and adult spawning productivity.
celitgg?gecsurrent erzr(;;?iunrﬁ]t(mtggg\elgtisr more | Permanent Common in one or more of these parameters can on sediment supply, longshore drift
Sersus natural lakes fundamentally alter lacustrine littoral habitats, patterns, and wave energy and current
) potentially decreasing the suitability of juvenile | patterns. For example:
Altered nearshore Year-round (with variable Permanent Seasonal rearing habitat. This may occur through = Permeable breakwaters that
circulation patterns effects by season [e.g., increased predation exposure, food web maintain wave energy and current
circulation patterns]) alterations, and decreased foraging opportunity. patterns
- Alteration of current and circulation patterns ' ) )
Altered groundwater Year-round Permanent Continuous may prevent larvae transport to suitable rearing | * Sug_gest alternative designs for
Inputs environments. The combined effect of these projects that fragment sources of
Altered sediment supply Year-round Permanent Continuous stressors can result in decreased survival, - sediment recruitment and
- growth, and fitness at larval and juvenile life- groundwater supply.
Altered _stybstrate Year-round Permanent Continuous history stages. «  Require beach nourisment to
composition maintain substrate and beach
. profile characteristics where
M Adult sturgeon are generally less impacts are unavoidable.
sensitive to these stressors. However, food web
productivity in large reservoir environments
may be affected by these impact mechanisms.
This could lead to reduced adult foraging
opportunities in residualized populations, and
decreased growth, fitness, and spawning
productivity.

# For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a

high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-15.

HPA HCP Marinas Exposure and Response Matrix for Longfin Smelt and Eulachon (Smelt).?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marinas and Shipping/Ferry Terminals
Construction and
Maintenance Activities
Pile driving Increased underwater noise levels During project construction and | Temporary (auditory | Interannual to decadal Eggs; Eqggs and larvae: Noise of sufficient Avoid pile-driving noise in excess of Unlikely to affect smelt populations
maintenance activities masking) to short- (during project Larvae: magnitude may cause direct mortality of eggs | impact thresholds established by when activities are conducted in
term (hearing construction and Juveniles: and larval smelt or permanent injury leading to | NOAA Fisheries and USFWS in prescribed in-water work windows,
threshold effects) maintenance) ' decreased survival and fitness. habitats used by species. Limit pile avoiding spawning, incubation, and
Adults Adults and juveniles: Stressor response, driving to system-specific in-water larval dispersal. The potential for
depending on noise magnitude and project- work windows to avoid stressor juvenile exposure is less well known.
specific environmental conditions, may range | €xposure during spawning, incubation, | Except for the landlocked Lake
from: and larval dispersal (November to Washington population of longfin
- . . April, depending on system). If pile smelt, juvenile habitat use by these
v g::ggérgjlIJirn):i(t)irngetromsztr:s?\t/;udltory tissue dri\_/ing is necessary dur_ing spawning species is poorly understoc_)d.
' period, use double-confined bubble Subadults are known to migrate to
e Increased predation risk and decreased curtain to attenuate sound pressure, or | offshore areas on the continental shelf.
foraging success due to auditory masking | work within confined or dewatered
and/or temporary hearing threshold work areas. Encourage use of
effects that increase risk of predation vibratory hammers and wooden pilings
and/or decrease foraging efficiency due where practicable.
to decreased ability to sense predators
and prey.
e Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness
Construction vessel Increased or altered ambient noise During project construction and | Temporary (auditory | Interannual to decadal Juveniles; Adults and juveniles: Auditory masking or Avoid/minimize propeller cavitation to | Unlikely to affect smelt populations
operation levels maintenance activities masking) to short- (during project Adults temporary hearing threshold effects may limit noise intensity. Promote use of when activities are conducted in
term (hearing construction and increase risk of predation and/or decrease vessels equipped with antinoise/ prescribed in-water work windows,
threshold effects) maintenance) foraging efficiency due to decreased ability to | antivibration technology where avoiding spawning disruptions.
sense predators and/or prey. practicable. Limit activities to system- | Exposure to stressor may affect
specific in-water work windows where | survival and productivity due to
practicable to avoid effects on avoidance behavior, decreased
spawning adults. foraging success, and increased
predation risk.
Channel/work area Fish removal, relocation, and During project constructionand | Short-term Interannual to decadal Egos; Eqggs and larvae: Channel dewatering will Use protocols established by NOAA Unlikely to affect eggs, larvae, and
dewatering exclusion maintenance activities (depending on activity Larvae; cause egg mortality. Fisheries and WDFW/WSDOT to adults if activities are conducted
frequency) Juveniles (Lake Juveniles: Juvenile smelt are generally avoid and minimize impacts. Limit during in-water work windows.
Washington believed to migrate offshore and will therefore activitie_s to system-specific_ in-water Cap'gure apd rgm_oval of_eggs, Iarvge,
longfin smelt): not likely be exposed to dewatering. Lake work windows where practicable to and juveniles is impractical, meaning
Adults Washington longfin smelt are an exception; avoid effects on spawning adults. that activities occurring during
potential nearshore habitat use by this incubation and emigration periods may
popu|ati0n is Currenﬂy a data gap. affect survival durlng these ||fe-h|3t0ry
Adults: Capture, handling, and relocation are stages. Capture and rer_noval of adults
likely to cause mortality or injury and stress are Ilkgly to affect. syrwval and
leading to mortality or decreased spawning spawning productivity.
fitness. Delayed migration resulting in
decreased fitness and spawning success.
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Table A-15 (continued).

HPA HCP Marinas Exposure and Response Matrix for Longfin Smelt and Eulachon (Smelt).?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Entrainment in pumps or During project construction and | Short-term Interannual to decadal | Larvae; Eqgs. larvae, and juveniles: Pump Adhere to system-specific in-water Unlikely to affect survival and
impingement on pump screens maintenance activities (depending on activity | juveniles: entrainment is highly likely to cause mortality | work windows; avoid use of productivity during egg and larvae and
frequency) Adults of larvae and drifting eggs. This effect cannot | dewatering pumps during spawning, adult life-history stages if activities are
be avoided by pump screening. Entrainment | incubation, and larval dispersal. conducted outside in-water work
and impingement are likely to cause mortality windows. If activities are permitted
of juveniles. dur_in'g in-water work windows,
Adults: Impingement is likely to cause adult activity may affect adult and egg and
mortality. larval surv_lval. _The potentlal.for _
effects on juvenile smelt survival in
marine habitats and Lake Washington
are unknown because habitat use by
this life-history stage is a data gap.
Altered flow conditions (riverine) | During project construction and | Short-term Interannual to decadal | Eggs; Eqggs and larvae: Potential scour of spawning | Adhere to system-specific in-water Unlikely to affect survival and
maintenance activities (depending on activity Larvae: substrate and/or sedimentation, resulting in work windows, avoid use during productivity during egg and larvae and
frequency) Adults decreased incubation success. Potential larval | spawning, incubation, and larval adult life-history stages if activities are
dispersal to unfavorable habitats, decreasing | dispersal. Limit alteration of flow conducted during in-water work
larval survival and productivity. conditions to minimal area. windows. If activities are permitted
Adults: Decreased availability of suitable during in-water work windows,
spawning sites; decreased spawning success. activity may affect adult spawning
productivity and egg and larval
survival.
Altered current and circulation During project construction and | Short-term Interannual to decadal Juveniles Juveniles: Nearshore habitat use by smelt is Limit alteration of current and The potential for this mechanism to
conditions (marine and lacustrine) maintenance activities (depending on activity currently a data gap, so the potential for circulation patterns to greatest extent affect juvenile smelt is currently
frequency) exposure to this stressor is unknown. practicable to minimal area. unknown because dependence on
nearshore circulation patterns is
currently a data gap.
Stream bed disturbance, increased During project construction and | Temporary Interannual to decadal Eggs; Eqggs and larvae: Potential decreased egg Adhere to system-specific in-water Unlikely to affect egg survival and
turbidity (associated with site maintenance activities (depending on activity Larvae; incubation success and larval survival due to work windows. Avoid work during adult spawning productivity when
rewatering). frequency) Adults turbidity exposure and substrate disturbance. egg incubation periods. activities are conducted during in-
Adults: Stress and behavioral modifications water work windows. May affect
by adult spawners exposed to sediment pulses, these parameters if activities occur
migration delay, increased predation exposure, during spawning and incubation.
decreased spawning habitat suitability.
Localized alteration in invertebrate | During project construction and | Short-term Interannual to decadal Juveniles Juveniles: With the exception of the Lake Limit area of dewatering to the greatest | Not likely to affect smelt at any life-
abundance maintenance activities (depending on activity Washington longfin population, smelt do not extent practicable. history stage.
frequency) feed on benthic organisms in freshwater
systems and will be unaffected by this
stressor. In Lake Washington and in marine
systems, smelt are planktonic feeders that are
not likely to be affected by temporary
decreases in benthic invertebrate abundance.
Increased suspended solids During project construction and | Short-term Interannual to decadal Eggs; All life-history stages: See responses to Limit area of dewatering to the greatest | See effects for related stressors under
maintenance activities (depending on activity Larvae; related stressors under Water Quality extent practicable. Follow established | Water Quality Modification.
frequency) Adults Modification. protocols for dewatering and
rewatering. Adhere to system-specific
in-water work windows.
Navigation/maintenance | Alteration of bathymetry and During project construction and | Permanent Interannual-decadal Eggs; All life-history stages: See responses Avoid fill or if unavoidable, restore See effects for related stressors under
dredging substrate characteristics maintenance activities Larvae; described under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic
Adults Modifications. shoreline habitats. Modification.
Agquatic vegetation removal and During project construction and | Intermediate-term Interannual-decadal Juveniles; Juveniles and adults: See responses described | Limit dredging-related disturbance of See effects for related stressors under
delayed recovery maintenance activities Adults under Aquatic Vegetation Modification. submerged aquatic vegetation to the Aquatic Vegetation Modification.
greatest extent practicable through
project siting.

ilachon.doc
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Table A-15 (continued).

HPA HCP Marinas Exposure and Response Matrix for Longfin Smelt and Eulachon (Smelt).?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Entrainment of benthic organisms, During project construction and | Temporary to short- Interannual-decadal Eggs; Eqgs and larvae: Incubating eggs entrained Limit dredging-related turbidity to the | Unlikely to affect survival of eggs and
increased suspended solids, maintenance activities term Larvae; during dredging will suffer high mortality. greatest extent practicable. Adhere to larvae if activities are conducted
resuspension of contaminated Juveniles: Juveniles: The potential for juvenile exposure | System-specific in-water work during in-water work windows. Likely
sediments ’ to these stressors is unknown because habitat | Windows. to affect egg survival and larval
Adults use is currently a data gap. survival and productivity if exposure
All life-history stages: See responses aceurs. See effect.s for rellat.ed stressors
described for related stressors under Water under Water Quality Modification.
Quality Modification.
Facility Operation and
Vessel Activities
Grounding, anchoring, Increased turbidity, disturbed Year-round, with intensity Permanent Seasonal Eggs; Eqggs and larvae: Disturbance of spawning Site facilities to avoid concentration of | May affect survival of incubating eggs.
and/or prop wash benthic area dependent on facility activity Larvae; substrate is likely to cause mortality of vessel traffic near identified spawning | See effects for related stressors under
peaks. Stressor exposure Adults incubating eggs. habitats to the greatest extent Water Quality Modification and
occurs during egg incubation Al life-history stages: Response to increased | practicable. Hydraulic and Geomorphic
turbidity exposure as described for related Modification.
stressors under Water Quality Modification.
Response to benthic disturbance as described
for Hydraulic and Geomorphic Modification.
Eelgrass and macroalgae Year-round, effects most Permanent Intermittent to common | Unknown Longfin smelt and eulachon dependence on Site facilities in deeper water to avoid Effects of stressor exposure currently a
disturbance prevalent during spring and submerged aquatic vegetation is currently a suspension of sediments from prop data gap.
summer growth periods with data gap. wash and grounding. Prevent or
intensity dependent on activity discourage anchoring and provide
alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Freshwater aquatic vegetation Year-round; effects most Permanent Intermittent to common | Unknown Longfin smelt and eulachon dependence on Site facilities in deeper water to avoid Effects of stressor exposure currently a
disturbance prevalent during spring and submerged aquatic vegetation is currently a suspension of sediments from prop data gap.
summer growth periods with data gap. wash and grounding. Prevent or
intensity-dependent on activity discourage anchoring and provide
alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year-round (with intensity Permanent Intermittent to common | Eggs; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under
operational discharges dissolved oxygen, and dependent on facility activity Larvae: altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) Juveniles: suspended solid exposure as described for discharge of ballast water where
related stressors under Water ' related stressors Water Quality Modification. practicable.
Quality Modification Adults
Introduction of non-native species Year round (with intensity Permanent (once Common introductions | Eggs; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival and productivity at
dependent on facility activity invasive species are with interannual to Larvae; interactions and food web organization, to ballast water management all life-history stages.
peaks) established) decadal colonization Juveniles: exposure to non-native pathogens. regulations. Provide for upland
events ' discharge of ballast water where
Adults practicable.
Increased or altered Auditory masking and/or alteration | Year-round, with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration limits, | May affect survival and productivity
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to avoid propeller cavitation. due to avoidance behavior, decreased
peaks (stressor exposure sense predators and/or prey, increasing risk of foraging success, and increased
occurring in spring and summer predation and decreasing foraging efficiency. predation risk.
during nearshore migration)
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Table A-15 (continued).

HPA HCP Marinas Exposure and Response Matrix for Longfin Smelt and Eulachon (Smelt).?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles; The potential for this stressor to affect smeltis | Design facilities so majority of Potential effects resulting from this
modification and moored vessel hulls creating sunset (stressor exposure Adults currently a data gap. structural and moorage shading occurs | impact mechanism are unknown.
light contrasts requiring visual and occurs in spring and summer offshore away from submerged aquatic
behavioral adaptation during nearshore migration) vegetation, migration corridors, and
foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions
and effects on submerged aquatic
vegetation.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles; The potential for this stressor to affect smeltis | Reduce and shield facility and vessel Potential effects resulting from this
vessel lighting creating light sunrise (stressor exposure Adults currently a data gap. lighting to limit nighttime illumination | impact mechanism are unknown.
contrasts requiring visual and occurs in spring and summer of the underwater environment.
behavioral adaptation during nearshore migration)
Shading from structures and vessels | Year-round (most pronounced Permanent Continuous Larvae; All exposed life-history stages: Smelt Design: Site majority of facility Effects resulting from this impact
resulting in loss of aquatic in spring and summer when Juveniles: dependence on marine littoral vegetation and offshore to limit grounding and prop mechanism are unknown.
vegetation vegetation growth is most Adults the nearshore marine environment is currently | wash effects. Limit project structural
extensive) a data gap. Therefore, the potential for footprint to minimize shading of
exposure to these stressors is unknown. aquatic vegetation to the greatest
extent practicable. Design overwater
structures and mooring buoys in
accordance with USACE guidance to
limit shading and anchor scour effects.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, and reduced
ambient light from fine bubble
profusion.
Marine systems: Decreased light Year-round, sunrise to sunset, Permanent Continuous to Larvae; All exposed life-history stages: Longfin smelt | Enforce speed and acceleration limits, | Sensitivity to these stressors is
penetration due to increased surface | with intensity dependent on intermittent Juveniles; and eulachon sensitivity to these stressors is avoid propeller cavitation. currently a data gap; therefore, the
reflectance from fine bubble facility activity peaks (stressor Adults currently a data gap. potential effects resulting from this
profusion produced by prop wash exposure occurring in spring impact mechanism are unknown.
and summer during nearshore
migration)
Water Quality
Modification
Increased suspended solids Dependent on contributing Temporary to short- Intermittent to Egos; Eqggs and larvae: Turbidity sufficient to cause | Ensure project design avoids and/or May affect survival of incubating eggs.
mechanism of impact term (dependent on interannual-decadal Larvae; burial or coating of eggs may lead to direct minimizes habitat alterations leading to | May affect juvenile productivity, adult
contributing (dependent on Juveniles: mortality. Increased turbidity may decrease chronic bank instability. Avoid short- | productivity, and spawning success.
mechanism of contributing mechanism ' larval foraging success, resulting in decreased | term turbidity effects above
impact) of impact) Adults growth and fitness. background levels to greatest extent
Juveniles: Responses vary depending on practicable. Adhere to established
stressor magnitude. Unavoidable extreme protocols for managing sediment and
turbidity may cause physical injury and/or turbidity.
physiological effects (e.g., gill trauma, altered
osmoregulation, blood chemistry changes).
Moderate to high turbidity may decrease
foraging success, resulting in decreased
growth and fitness.
Adults: Reduction in suitable spawning
habitat (due to substrate embeddedness) and
reduced spawning success.
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Table A-15 (continued).

HPA HCP Marinas Exposure and Response Matrix for Longfin Smelt and Eulachon (Smelt).?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Resuspension of contaminated Dependent on contributing Temporary to short- Intermittent to Eggs; Eggs and larvae: Decreased survival, Identify and demarcate all areas with May affect survival and productivity at
sediments, resulting in exposure to | mechanism of impact term (e.g., interannual-decadal Larvae: increased incidence of developmental contaminated sediments, manage and egg, larvae, and juvenile life-history
toxic substances operational spills) to | (dependent on Juveniles: abnormalities leading to decreased survival avoid causes of sediment disturbance stages. Reduced growth and fitness
long-term (e.g., contributing mechanism ' and fitness. (e.g., define and maintain vessel speed | may affect adult survival and spawning
reexposure of buried | of impact) Adults Juveniles and adults: Physiological responses | limits in sensitive areas). Ensure productivity.
Introduction of toxic substances contaminants) to exposure at toxic levels causing mortality or | Procedures are in place to quickly
depending on injury leading to reduced fitness. contain and clean up spills of toxic
contributing Bioaccumulation of contaminants at subacute | substances. Encourage the use of non-
mechanism of impaCt levels resu|ting in chronic physio'ogica| tOXiC, biOdegradable lubricants in
effects leading to reduced fitness and/or construction vessels.
mortality. Contaminant exposure may cause
avoidance behavior and increased stress,
leading to reduced growth and fitness.
Altered dissolved oxygen levels Dependent on contributing Temporary to short- Intermittent to Eggs; All life-history stages: Mortality in acute low | Avoid sediment pulses. Limit nutrient | May affect survival of incubating eggs.
mechanism of impact term (e.g., permanent (dependent Larvae; dissolved oxygen events due to asphyxiation. inputs associated with discharges of May affect juvenile survival and
contaminant spill or on contributing Juveniles: Juveniles and adults: Avoidance behavior and | wastewater and graywater. Other productivity and adult survival,
discharge) to mechanism of impact) Adults ' increased stress, leading to reduced growth mechanism-specific measures as productivity, and spawning success.
seasonal (e.g., and fitness. appropriate.
reduced submerged
aquatic vegetation
productivity due to
changes in ambient
light patterns)
depending on
contributing
mechanism of impact
Altered pH levels Dependent on contributing Temporary to short- Intermittent to Eggs; All life-history stages: Physiological responses | Limit nutrient inputs with wastewater May affect survival and productivity of
mechanism of impact term (dependent on interannual-decadal Larvae: to pH levels outside of optimal thresholds, and graywater holding and no direct eggs and larvae, juveniles, and adults
contributing (dependent on Juveniles: causing direct mortality or injury leading to waste discharge. Avoid curing of
mechanism of contributing mechanism ' reduced fitness. concrete or discharge of concrete
impact) of impact) Adults leachate to surface waters.
Use of creosote-treated Leaching of polyaromatic Leaching begins upon Long-term (with Continuous with Eggs; Eqggs and larvae, juveniles: Physiological Promote removal of creosote-treated May affect survival and productivity of
wood hydrocarbons (PAHS) installation, with highest levels | decreasing seasonal pulses Larvae; responses to exposure at toxic levels causing wood and prevent new uses in eggs, larvae, and juveniles
after initial immersion, concentration (associated with high Juveniles mortality or injury leading to reduced fitness. accordance with pertinent regulations.
followed by peaks during intensity over time) water temperature and Bioaccumulation of contaminants at subacute | Avoid use of other treated wood
periods of increased current velocity) levels resulting in chronic physiological products where practicable. Use
temperatures and higher flows. effects leading to reduced fitness and/or alternative materials such as concrete,
Leaching more pronounced mortality. galvanized steel, plastic lumber,
when used in fresh water. recycled plastics, and plastic coatings
Spikes in concentration will where practicable. Where treated
occur during removal due to wood is necessary, use dense-grained
leaching from freshly cut material to limit leaching. Use plastic
surfaces and dispersal of or metal cuffs at abrasion points to
sawdust fragments with high avoid fragmentation and release of
surface area. treated wood particulates.
Use of ACZA- and CCA | Leaching of metals (Cu, As, Cr, Zn) | Leaching begins upon Intermediate-term Continuous with Eggs; Eggs and larvae, juveniles: Physiological Removal: Completely remove treated
type C-treated wood installation with highest levels seasonal pulses Larvag; responses to exposure at toxic levels causing wood where practicable, consistent
occurring within 7 months of (dependent on current | 5oL mortality or injury leading to reduced fitness. | With WDNR Standard Practice
initial immersion. Spikes in velocity) ’ Bioaccumulation of contaminants at sub-acute | Memorandum. When piles are left in
concentration will occur during levels resulting in chronic physiological place, cut off at least 2 ft below surface
removal due to leaching from effects leading to reduced fitness and/or and cap with clean sediment. Contain
freshly cut surfaces and mortality. and capture sawdust for disposal at
dispersal of sawdust fragments approved facility.
with high surface area.
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Table A-15 (continued).

HPA HCP Marinas Exposure and Response Matrix for Longfin Smelt and Eulachon (Smelt).?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Increased stormwater Combined effects of altered pH, Fall and winter rain events, and | Permanent Intermittent Eggs; All life-history stages: Combined responses to | Require facilities to employ modern May affect survival and productivity at
and nonpoint source contaminants, nutrients, altered spring and summer high boat- Larvae; altered pH, altered dissolved oxygen levels, low impact development and egg, larvae, and juvenile life-history
pollution dissolved oxygen, and increased use periods. Juveniles: contaminant exposure, and increased stormwater treatment technology. stages. May affect adult survival and
suspended solids as discussed ' suspended solids as described above. Include operational requirements for spawning productivity.
above Adults capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
Riparian Vegetation
Modification
Riverine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Adults Adults: Decreased spawning productivity and | Avoid/minimize disturbance of May affect spawning productivity.
increased summer temperatures, winter/summer during solar permanent fitness due to migration delays caused by low | riparian vegetation. Maintain system-
decreased winter temperatures) radiation and ambient (dependent on nature water temperatures. appropriate riparian buffer widths to
Altered ambient air temperature extremes) of riparian impacts). the greatest extent possible.
temperature regime
Altered stream bank and | Increased suspended solids; Year-round (with specific Intermediate-termto | Continuous to seasonal | Eggs; Eqggs and larvae: Decreased incubation Avoid/minimize disturbance of May affect survival during egg
shoreline stability decreased area of suitable spawning | stressors prominent during long-term (dependent | (dependent on specific Larvae; success due to smothering of eggs as riparian vegetation. Maintain system- | incubation; may affect spawning
habitat; reduced habitat complexity | high-flow conditions) on time required for stressor) Adults described for related stressor responses under | appropriate riparian buffer widths to fitness and productivity.
(e.g., alteration of spawning riparian recovery) Water Quality Modification. the greatest extent possible.
substrate) Adults: Decreased spawning success due to
decreased availability of suitable spawning
habitat. Potential, migration delay, habitat
avoidance, and/or injury and mortality caused
by excessive turbidity as described for related
stressor responses under Water Quality
Modification.
Altered allochthonous Reduced aquatic food web Year-round Permanent Continuous Larvae Larvae: Larval longfin smelt and eulachon Avoid/minimize disturbance of May affect larval growth and fitness.
inputs productivity due to reduction in forage on riverine plankton following riparian vegetation. Maintain system-
organic matter inputs emergence and transport to estuarine and appropriate riparian buffer widths to
marine habitats. Reduced allochthonous the greatest extent possible.
inputs may affect food web productivity,
leading to decreased growth and fitness.
Altered habitat Reduced recruitment of large Year-round Short-term to Continuous Adults Adults: Reduced habitat complexity may Encourage project designs that limit May affect adult spawning
complexity woody debris, affecting habitat permanent affect the availability of suitable spawning permanent alteration of high-quality productivity.
structure, hydraulic and substrate (dependent on nature habitat leading to decreased spawning habitat features.
complexity, and availability of of activity) productivity.
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover, reduction in available
spawning habitat (freshwater)
Altered groundwater- Reduced available suitable Year-round Permanent Continuous Unknown Longfin smelt and eulachon dependence on Avoid permitting of projects in areas Sensitivity to stressor exposure is
surface water exchange spawning habitat; reduced gravel groundwater exchange is currently a data gap. | with springs, seeps, or other sources of | currently a data gap for these species;
dissolved oxygen significant groundwater recharge. therefore, the potential effects resulting
Limit alteration of riparian vegetation from this impact mechanism are
to greatest extent practicable. unknown.
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Table A-15 (continued).

HPA HCP Marinas Exposure and Response Matrix for Longfin Smelt and Eulachon (Smelt).?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Larvae; Larvae and juveniles: Riparian shade and Avoid/minimize disturbance of Sensitivity to stressor exposure is
increased summer temperatures, winter/summer during solar permanent Juveniles ambient temperature have a relatively minor riparian vegetation. Maintain system- | currently a data gap for these species;
decreased winter temperatures) radiation and ambient (dependent on nature effect on nearshore water temperatures relative | appropriate riparian buffer widths to therefore, the potential effects resulting
temperature extremes) of riparian impacts) to the dominant influence of marine tidal and the greatest extent possible. from this impact mechanism are
current patterns, wind conditions, and other unknown.
factors. Dependence of larval and juvenile
Altered ambient air longfin smelt and eulachon on these habitats is
temperature regime currently a data gap. Therefore, the potential
for exposure to these stressors is unknown.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to seasonal | Larvae; Larvae and juveniles: Dependence of larval Avoid/minimize disturbance of Sensitivity to stressor exposure is
bluff stability secondary effects on habitat stressor prominent during high- | long-term (dependent | (dependent on specific Juveniles and juvenile longfin smelt and eulachon on riparian vegetation. Maintain system- | currently a data gap for these species;
complexity (e.g., through change in | wave energy conditions) on time required for stressor) these habitats is currently a data gap. appropriate riparian buffer widths to therefore, the potential effects resulting
substrate composition, smothering riparian recovery) Therefore, the potential for exposure to these the greatest extent possible. from this impact mechanism are
of aquatic vegetation) stressors is unknown. unknown.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure Permanent Continuous Larvae; Larvae and juveniles: Longfin smelt and Avoid/minimize disturbance of Sensitivity to stressor exposure is
inputs derived prey resources. Reduced occurs during nearshore rearing Juveniles eulachon dependence on autochthonous inputs | riparian vegetation. Maintain system- | currently a data gap for these species;
aquatic food web productivity due period in spring and summer) from marine riparian vegetation is a data gap. appropriate riparian buffer widths to therefore, the potential effects resulting
to reduced organic matter inputs the greatest extent possible. from this impact mechanism are
unknown.
Altered habitat Reduced food web productivity, Year-round (stressor exposure Short-term to Continuous Larvae; Larvae and juveniles: Dependence of larval Avoid/minimize disturbance of Sensitivity to stressor exposure is
complexity reduced foraging opportunity, occurs during nearshore rearing | permanent Juveniles and juvenile smelt on these habitats is riparian vegetation. Maintain system- | currently a data gap for these species;
reduction in available cover period in spring and summer) (dependent on nature currently a data gap. Therefore, the potential appropriate riparian buffer widths to therefore, the potential effects resulting
of activity) for exposure to these stressors is unknown. the greatest extent possible. from this impact mechanism are
unknown.
Altered freshwater Reduced aquatic food web Year-round (stressor exposure Permanent Continuous Larvae; Larvae and juveniles: Dependence of larval Avoid/minimize disturbance of Sensitivity to stressor exposure is
inputs productivity; secondary effects on occurs during nearshore rearing Juveniles and juvenile smelt on surface water and riparian vegetation. Maintain system- | currently a data gap for these species;
habitat complexity (e.g., through period in spring and summer) groundwater exchange in nearshore habitats is | appropriate riparian buffer widths to therefore, the potential effects resulting
alteration of aquatic vegetation) currently a data gap. Therefore, the potential the greatest extent possible. from this impact mechanism are
for exposure to these stressors is unknown. unknown.
Lacustrine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round, (pronounced in Long-term to Seasonal Lake Washington Larvae, juveniles, and adults: Riparian shade | Avoid/minimize disturbance of Potential effects resulting from this
increased summer temperatures, winter/summer during solar permanent longfin smelt. and ambient temperature has a relatively riparian vegetation. Maintain system impact mechanism are unknown.
decreased winter temperatures). radiation and ambient (dependent on nature Larvae; minor effect on nearshore water temperatures | appropriate riparian buffer widths to
temperature extremes) of riparian impacts). Juveniles: relative to the dominant influence of lake the greatest extent possible.
' stratification, reservoir current patterns, wind
Adults conditions and other factors. However,
shallow littoral habitats may experience
Altered ambient air increased temperatures due to lack of shade.
temperature regime Dependence of juvenile longfin smelt on these
habitats is currently a data gap Therefore the
potential for exposure to these stressors is
unknown.
Altered shoreline Increased suspended solids; Year-round (with primary Intermediate-termto | Continuous to seasonal Lake Washington Larvae, juveniles, and adults: Potential habitat | Avoid/minimize disturbance of May affect juvenile and adult survival
stability secondary effects on habitat stressor prominent during high | long-term (dependent | (dependent on specific longfin smelt. avoidance and/or injury/mortality caused by riparian vegetation. Maintain system and productivity.
complexity (e.g., through change in | wave energy conditions) on time required for stressor) Larvae; excessive turbidity, potential for decreased appropriate riparian buffer widths to
substrate composition, smothering riparian recovery) Juveniles: foraging success leading to decreased growth the greatest extent possible.
of aquatic vegetation). ' and fitness as described for related stressor
Adults responses under Water Quality Modification.
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Table A-15 (continued).

HPA HCP Marinas Exposure and Response Matrix for Longfin Smelt and Eulachon (Smelt).?

Sub- Exposure )
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure Permanent Continuous Lake Washington Larvae, juveniles, and adults: Longfin smelt Avoid/minimize disturbance of Potential effects resulting from this
inputs derived prey resources. Reduced occurs during nearshore rearing longfin smelt. dependence on autochthonous inputs from riparian vegetation. Maintain system impact mechanism are unknown.
aquatic food web productivity due period in spring and summer) Larvae: lacustrine riparian vegetation is a data gap. appropriate riparian buffer widths to
to reduction of organic matter Juveniles: Therefore the potential for exposure to these the greatest extent possible.
inputs Adults ' stressors is unknown.
Altered habitat Reduced food web productivity, Year-round (stressor exposure Short-term to Continuous Lake Washington Larvae, juveniles, and adults: Dependence of Avoid/minimize disturbance of Potential effects resulting from this
complexity reduced foraging opportunity, occurs during nearshore rearing | permanent longfin smelt. larval, juvenile, and adult longfin smelt on riparian vegetation. Maintain system impact mechanism are unknown.
reduction in available cover period in spring and summer) (dependent on nature Larvae; these habitats is currently a data gap, appropriate riparian buffer widths to
of activity) Juveniles: Therefore the potential for exposure to these the greatest extent possible.
Adults ' stressors is unknown.
Altered groundwater Reduced aquatic food web Year-round (stressor exposure Permanent Continuous Lake Washington Larvae, juveniles, and adults: Longfin smelt Avoid disturbance of vegetation along | Effects of the action resulting from this
surface water exchange productivity; secondary effects on occurs during nearshore rearing longfin smelt. dependence on groundwater inflow to stream impact mechanism are unknown.
habitat complexity (e.g., through period in spring and summer) Larvae: nearshore lacustrine habitats is currently a data
alteration of aquatic vegetation) Juveniles: gap. Therefore the potential for exposure to
Adults ' these stressors is unknown.
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced Permanent Continuous Larvae; All exposed life-history stages: Longfin smelt | Design: Site majority of facility Sensitivity to stressor exposure is
production in spring and summer when Juveniles: and eulachon dependence on marine littoral offshore to limit grounding and prop currently a data gap for these species;
vegetation growth is most Adults vegetation and the nearshore marine wash effects. Limit project structural therefore, the potential effects resulting
extensive) environment is currently a data gap. footprint to minimize shading of from this impact mechanism are
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous ;I’tkr\:srgcr)srei,stgﬁkp;]c:)t\?vr:]tlal for exposure to these Z?(:jearﬂc \rlg(?t?(t':?itl;?: tc[))'g;ie %r?:/t:rsvtvater unknown.
complexity reduced foraging opportunity, permanent : structu[r)es and mobrin bguo s in
reduction in available cover (dependent on nature - 9 puoy
of activity) a_ccprdanc_e with USACE guidance to
limit shading and anchor scour effects.
Construction: Avoid/minimize
disturbance of aquatic vegetation
during project construction.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, and reduced
ambient light from fine bubble
profusion.
Riverine and
Lacustrine
Altered autochthonous Reduced food web productivity. Year-round (most pronounced Permanent Continuous Eqggs; All exposed life-history stages: Smelt Design: Site majority of facility s :
. . . . - . Sensitivity to stressor exposure is
production in spring and summer when Larvae; dependence on freshwater submerged aquatic | offshore to limit grounding and prop currently a data gap for these species;
vegetation growth is most vegetation is currently a data gap. Therefore, wash effects. Limit project structural : .
. Adults . - ; . h therefore, the potential effects resulting
extensive) the potential for exposure to these stressors is | footprint to minimize shading of
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Table A-15 (continued).

HPA HCP Marinas Exposure and Response Matrix for Longfin Smelt and Eulachon (Smelt).?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
unknown. aquatic vegetation to the greatest from this impact mechanism are
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous extent practicable. Design overwater unknown.
complexity reduced foraging opportunity, permanent structures and mooring buoys in
reduction in available cover, (dependent on nature accordance with USACE guidance to
reduction in available spawning of activity) limit shading and anchor scour effects.
habitat (freshwater) Construction: Avoid/minimize
disturbance of aquatic vegetation
during project construction.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring.
Hydraulic and
Geomorphic
Modification
Riverine
Altered channel Change in habitat structure and Year-round Permanent Continuous Eggs; Eggs: Changes in channel morphology, flow Carefully evaluate project siting and May affect survival at egg and larval
geometry habitat suitability, reduced food Larvaes velocity, and substrate composition can alter design and consider the magnitude of life-history stages. May affect
web complexity, reduced spawning < substrate composition and stability, leading to | impact mechanisms produced by the spawning productivity.
and rearing habitat availability and Juveniles; decreased incubation success and larval project. Encourage selections of
suitability Adults survival. project designs that minimize effects
Altered flow velocity Year-round, with stressor Permanent Seasonal Larvae and juveniles: Altered channel gﬂbz?gqgegog#]eocrg?ttirgﬁ fm velocity,
exposure occurring during high geometry, flow velocity, and substrate P '
p 9 ghig 2 g - groundwater exchange to the greatest
flow events, fall through spring composition can result in decreased rearing tent practicabl
. habitat suitability and changes in food web extent practicable.
Altered substrate Year round Permanent Continuous complexity. This may limit foraging
composition (including opportunities and increase competition for
placement of non- suitable habitats, leading to decreased growth,
erodable substrate) fitness, and survival.
Altered groundwater Year-round, with stressor Permanent Continuous Adults: Changes in channel morphology may
Inputs exposure occurring during egg lead to alteration of the migratory corridor and
incubation and juvenile rearing a reduction in suitable resting habitat, leading
to increased stress and decreased spawning
success. Changes in substrate composition
and stability resulting from altered channel
geometry and flow velocity may lead to
decreased spawning success (e.g., through
reduction in suitable spawning locations
and/or increased scour and/or sedimentation of
redds) if potential spawning habitat is affected.
Addition of impervious Alteration in the magnitude, During storm events, Permanent Common Eqggs; All life-history stages: Because the amount of | Encourage facilities to employ modern | Impervious surface at anticipated scale
surface volume, and timing of peak flows predominantly fall through Larvae: impervious surface associated with marinas is | low impact development and would not produce stressors of
spring - a relatively inconsequential component of the | stormwater treatment technology. sufficient magnitude to adversely
Juveniles; overall drainage area of the larger river affect longfin smelt and eulachon at
Adults systems that would support this type of any life-history stage.
development, the magnitude of the hydrologic
modification stressor is expected to be
negligible. As such, this stressor is not
expected to significantly affect the riverine
environment, and there will therefore be no
response to the stressor.
ab 0:\proj\y2007\07-03621-000\word processing\reports\white papers\marir ix\apx-a\07-03621-000 apx-a matrix15-mar-Ic Jlachon.doc
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Table A-15 (continued).

HPA HCP Marinas Exposure and Response Matrix for Longfin Smelt and Eulachon (Smelt).?

Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marine
Altered wave energy Change in habitat structure and Year-round, with stressor Permanent Continuous Larvae; Larvae and juveniles: Wave energy, current Carefully evaluate project siting and May affect survival, growth, and
habitat suitability, reduced food exposure occuring in spring Juveniles: velocity, sediment supply, substrate design and consider the magnitude of fitness at the larval and juvenile life-
web complexity, habitat availability | and summer when larvae and ' composition, and groundwater inputs are core | impact mechanisms produced by the history stages. Decreased fitness may
and suitability juveniles occupy nearshore Adults ecosystem processes and characteristics that project. Encourage selection of project | affect survival and productivity during
habitats for rearing compose the nearshore ecosystem. Alteration | designs that minimize effects on ocean migration life-history phase, and
Altered current Year-round, with variable Permanent Intermittent in one or more of these parameters can sediment supply, longshore drift may affect spawning productivity.
“ : . fundamentally alter marine littoral habitats. patterns, and wave energy and current
velocities effects depending on site- . i
. : Longfin smelt and eulachon dependence on patterns. For example:
specific current dynamics and these habitats i tlv a dat
project configuration ESE Nabitats Is currently a aata gap. e Permeable breakwaters that
: However, alteration of current velocities and maintain longshore drift patterns
Altered nearshore Year-round, with seasonally Permanent Seasonal circulation patterns may cause transportation '
circulation patterns variable effects depending on of planktonic larvae to unfavorable habitats e Suggest alternative designs for
site-specific geography and for growth and development. Alteration of projects that fragment sources of
bathymetry, and project nearshore habitat productivity may also have sediment recruitment and
configuration concomitant effects on food web relationships groundwater supply.
Altered sediment supply Year-round, beginning with Permanent Continuous in the offshore environment. e Require beach nourisment to
project installation and Adults: Alteration of nearshore habitat maintain substrate and beach
becoming more pronounced parameters may affect survival and foraging profile characteristics where
over time opportunities at larval and juvenile life-history impacts are unavoidable.
Altered substrate Year-round, beginning with Permanent Continuous stages, leading to decreased adult fitness,
composition project installation and decreasgd_ survival, and decreased spawning
becoming more pronounced productivity.
over time (e.g., due to
accumulation of shell-hash,
sediment settling due to altered
wave and/or current regime,
routine grounding, anchor
trenching)
Altered groundwater Year-round Permanent Continuous
inputs
Lacustrine
Altered wave energy Change in habitat structure and Year-round, with predominant | Permanent Continuous Lake Washington Larvae, juveniles, and adults: Wave energy, Carefully evaluate project siting and May affect productivity at larval and
(short-period waves) habitat suitability, reduced food effects from fall through spring longfin smelt. current velocity, sediment supply, substrate design and consider the magnitude of juvenile life-history stage. Decreased
web complexity, habitat availability | when wind-driven waves are Larvae; composition, and groundwater inputs are core | impact mechanisms produced by the fitness may lead to reduced spawning
and suitability most pronounced Juveniles: ecosystem processes and characteristics that project. Encourage selection of project | productivity.
- ' compose the nearshore ecosystem. Alteration | designs that minimize effects on
Altered current Year-round, with effects more | Permanent Common Adults in one or more of these parameters can sediment supply, longshore drift
velocities predominant in reservoirs fundamentally alter lacustrine littoral habitats, | patterns, and wave energy and current
versus natural lakes with concomitant food web effects throughout | patterns. For example:
Altered nearshore Year-round, with variable Permanent Seasonal the lacustrine ecosystem. Therefore, alteration | 4  permeable breakwaters that
circulation patterns effects by season (e.g., of these parameters may affect foraging maintain longshore drift patterns.
circulation patterns) opportunities for longfin smelt at larval and ) .
juvenile life-history stages, leading to e Suggest alternative designs for
Altered groundwater Year-round Permanent Continuous decreased adult fitness and decreased projects that fragment sources of
inputs spawning success. sediment recruitment and
3 - groundwater supply.
Altered sediment supply Year-round Permanent Continuous . .
- e  Require beach nourisment to
Altered _s,gbstrate Year-round Permanent Continuous maintain substrate and beach
composition profile characteristics where
impacts are unavoidable.

% For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.

ilachon.doc
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Construction and
Maintenance Activities

Marinas and Shipping/Ferry Terminals

Table A-16. HPA HCP Marinas Exposure and Response Matrix for Surf Smelt and Sand Lance.?
Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism

Pile driving Increased underwater noise levels During project construction Temporary to short- Interannual to Larvae; Larvae: Noise of sufficient magnitude may Avoid pile-driving noise in excess of May affect survival and productivity
and maintenance activities term (hearing decadal (during Juveniles: cause direct mortality of larvae, or permanent | impact thresholds established by during larval, juvenile, and adult life-
threshold effects) project construction ' injury leading to decreased survival and NOAA Fisheries and USFWS in history stages.
and maintenance) Adults fitness. Eggs are unlikely to be exposed to habitats used by species. Limit pile
pile driving noise due to position in intertidal driving to in-water work windows.
environment. Where possible, avoid stressor
Adults and juveniles: Stressor response exposure during site-specific spawn
dependent on noise magnitude and project- tl_mlng, |ncubat|c_)n, and_ larval .
specific environmental conditions; may range | diSPersal. Require review of available
— data and/or site surveys to avoid
) . . exposure of spawners to stressor. If
= Fatal Inju_ry.olr permaner_]t audltory tissue p||e driving is necessary during
damage limiting to survival. spawning period, use double-confined
= Increased predation risk and decreased bubble curtain to attenuate sound
foraging success due to auditory masking | Pressure, or work within confined or
and/or temporary hearing threshold dewatered work areas. Encourage use
effects that increase risk of predation of vibratory hammers and wooden
and/or decrease foraging efficiency due | Pilings where practicable.
to decreased ability to sense predators
and prey.
= Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles; Adults and juveniles: May cause avoidance Avoid/minimize propeller cavitation to | May affect survival and productivity
operation levels and maintenance activities masking) to short- decadal (during Adults behavior leading to increased stress and limit noise intensity. Promote use of due to avoidance behavior, decreased
term (hearing project construction decreased foraging opportunity. Auditory vessels equipped with antinoise/ foraging success, and increased
threshold effects) and maintenance) masking or temporary hearing threshold antivibration technology where predation risk.
effects may increase risk of predation due to practicable. Limit activities to system-
decreased ability to sense predators. specific in-water work windows where
practicable to avoid effects on
spawning adults.
Channel/work area Fish removal, relocation, and During project construction Short-term Interannual to Larvae; Larvae and juveniles: These life-history Use protocols established by NOAA Capture/removal of larvae and
dewatering exclusion and maintenance activities decadal (depending Juveniles: stages will be difficult to capture and relocate | Fisheries and WDFW/WSDOT to juveniles is impractical, meaning that
on activity ' effectively. avoid and minimize impacts. Require | these activities are likely to affect
frequency) Adults Adults: Capture, handling, and relocation is review of available_ dat_a and/or site larval and juvenile suryiv_al. Capture
—Iikely to cause mortality, or injury and stress surveys to reduce likelihood of stressor | and removal of adu_lts is likely to affect
leading to mortality or decreased spawning exposure. survival and spawning productivity.
fitness.
Entrainment in pumps or During project construction Short-term Interannual to Larvae; Larvae and juveniles: Pump entrainment is Use protocols established by NOAA May cause injury and mortality of
impingement on pump screens and maintenance activities decadal (depending Juveniles: likely to cause mortality of drifting larvae. Fisheries and WDFW/WSDOT to larvae, juveniles, and adults. Effects
on activity ' This effect cannot be avoided by pump avoid and minimize impacts. Require | are less likely to occur if activities are
frequency) Adults screening. Entrainment and impingement are | review of available data and/or site conducted outside of spawning season.

likely to cause mortality of juveniles.

Adults: Impingement is likely to cause adult
mortality.

surveys to reduce likelihood of stressor
exposure.
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Table A-16 (continued). HPA HCP Marinas Exposure and Response Matrix for Surf Smelt and Sand lance.?

intensity dependent on
activity)

discourage anchoring, and provide
alternatives such as mooring buoys
designed in accordance with USACE
guidance.

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered current and circulation During project construction Short-term Interannual to Juveniles; Juveniles: Nearshore habitat use by smelt is To greatest extent practicable, limit The potential for this mechanism to
conditions and maintenance activities decadal (depending currently a data gap, so the potential for alteration of current and circulation affect juvenile smelt is currently
on activity exposure to this stressor is unknown. patterns to minimal area. unknown because dependence on
frequency) nearshore circulation patterns is a data
gap.
Bottom disturbance, increased During project construction Temporary Interannual to Larvae; Larvae: Potential decreased larval foraging Use protocols established by NOAA May affect larval productivity. May
turbidity (associated with site and maintenance activities decadal (depending Juveniles: success due to turbidity exposure and substrate | Fisheries and WDFW/WSDOT to affect juvenile and adult survival and
rewatering) on activity ' disturbance, leading to decreased growth and avoid and minimize impacts. productivity.
frequency) Adults fitness.
Adults and juveniles: Stress caused by
avoidance behavior; decreased foraging
success due to increased turbidity levels.
Localized alteration in invertebrate | During project construction Short-term Interannual to Larvae; All life-history stages: Surf smelt and sand Limit area of dewatering to the greatest | Potential effects resulting from this
abundance and maintenance activities decadal (depending Juveniles: lance dependence on benthic invertebrates for | extent practicable. impact mechanism are unknown.
on activity ' forage is likely limited but is currently a data
frequency) Adults gap. Therefore, the potential effects of
stressor exposure are unknown.
Increased suspended solids During project construction Short-term Interannual to Larvae; All life-history stages: See responses to Limit area of dewatering to the greatest | See effects for related stressors under
and maintenance activities decadal (depending Juveriiles: related stressors under Water Quality extent practicable. Follow established | Water Quality Modification.
on activity ' Modification. protocols for dewatering and
frequency) Adults rewatering. Adhere to system-specific
in-water work windows.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual—-decadal Eggs; All life-history stages: See responses Avoid fill or, if unavoidable, restore See effects for related stressors under
dredging substrate characteristics and maintenance activities e described under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic
’ Modification. shoreline habitats. Modification.
Juveniles;
Adults
Aquatic vegetation removal and During project construction Intermediate-term Interannual-decadal Larvae; All life-history stages: See responses Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Juveniles: described under Aquatic Vegetation submerged aquatic vegetation to the Aquatic Vegetation Modification.
' Modification. greatest extent practicable through
Adults project siting.
Entrainment of benthic organisms, During project construction Temporary to short- Interannual-decadal Larvae; All life-history stages: Entrainment of smelt Require review of available data and/or | Unlikely to affect survival of larvae
increased suspended solids, and maintenance activities term Juveniles: and sand lance during dredging is likely to site surveys to reduce likelihood of and adults if activities are conducted
resuspension of contaminated ' cause mortality or injury, leading to decreased | larval and adult stressor exposure. during in-water work windows. Likely
sediments Adults survival. See responses described for related Limit dredging-related turbidity to the | to affect survival at any life-history
stressors under Water Quality Modification. greatest extent practicable. Adhere to stage if exposure occurs. See effects
system-specific in-water work for related stressors under Water
windows. Quality Modification.
Facility Operation and
Vessel Activities
Grounding, anchoring, Increased turbidity, disturbed Year-round (with intensity Permanent Seasonal Eggs; All life-history stages: Response to increased | Site facilities to avoid concentration of | See effects for related stressors under
and/or prop wash benthic area dependent on facility activity Larvae: turbidity exposure as described for related vessel traffic near identified spawning | Water Quality Modification and
peaks; stressor exposure - stressors under Water Quality Modification. habitats to the greatest extent Hydraulic and Geomorphic
occurs during egg incubation) Juveniles; Response to benthic disturbance as described practicable. Modification.
Adults for Hydraulic and Geomorphic Modification.
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Larvae; Larvae, juveniles, and adults: See stressor Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Juveniles: responses under Aquatic VVegetation suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods, with Adults ' Modification. wash and grounding. Prevent or
u
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Table A-16 (continued). HPA HCP Marinas Exposure and Response Matrix for Surf Smelt and Sand lance.?

fine bubble profusion produced by
prop wash

facility activity peaks)

under Aquatic Vegetation Modification.

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Vessel maintenance and | Exposure to altered pH, altered Year round (with intensity Permanent Intermittent to Eggs; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under
operational discharges dissolved oxygen, and dependent on facility activity common Larvae: altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) - suspended solid exposure as described for discharge of ballast water where
related stressors under Water Juveniles; related stressors under Water Quality practicable.
Quality Modification Adults Modification.
Introduction of non-native species Year-round (with intensity Permanent (once Common Eqggs; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival and productivity at
dependent on facility activity invasive species are introductions with Larvae: interactions and food web organization; to ballast water management all life-history stages.
peaks) established) interannual to - exposure to non-native pathogens. regulations. Provide for upland
decadal colonization | Juveniles; discharge of ballast water where
events Adults practicable.
Increased or altered Auditory masking and/or alteration | Year-round (with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration limits; | May affect survival and productivity
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to avoid propeller cavitation. due to avoidance behavior, decreased
peaks) sense predators, increasing risk of predation. foraging success, and increased
Avoidance behavior may lead to decreasing predation risk.
foraging efficiency, affecting growth and
fitness.
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles; Adults and juveniles: The potential for this Design facilities so majority of Potential effects resulting from this
modification and moored vessel hulls, creating sunset. Adults stressor to affect smelt and sand lance is structural and moorage shading occurs | impact mechanism are unknown.
light contrasts requiring visual and currently a data gap. offshore away from submerged aquatic
behavioral adaptation vegetation, migration corridors, and
foraging habitats. Allow at least 10™
ft-c light under dock structure to limit
changes in ambient light conditions
and effects on submerged aquatic
vegetation.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles; Adults and juveniles: The potential for this Reduce and shield facility and vessel Potential effects resulting from this
vessel lighting, creating light sunrise. Adults stressor to affect smelt and sand lance is lighting to limit nighttime illumination | impact mechanism are unknown.
contrasts requiring visual and currently a data gap. of the underwater environment.
behavioral adaptation
Shading from structures and Year-round (most pronounced | Permanent Continuous Eggs; Eqggs: Alteration or reduction of submerged Design: Limit project structural May affect productivity at egg, larval,
vessels, resulting in loss of aquatic in spring and summer when Larvae: aquatic vegetation component of beach wrack | footprint to minimize shading of juvenile, and adult life-history stages.
vegetation vegetation growth is most - may affect microclimate conditions in aquatic vegetation to the greatest
extensive) Juveniles; spawning substrates, decreasing egg survival extent practicable. Design overwater
Adults (particularly during spring and summer structures and mooring buoys in
spawning). accordance with USACE guidance to
Al life-history stages: Altered autochthonous | 'IMit shading and anchor scour effects.
production and habitat complexity are likely to | Operation: Enforce vessel operation
affect food web dynamics and available rules to limit submerged aquatic
foraging opportunities, potentially resulting in | vegetation damage from prop wash,
decreased growth and fitness. grounding, and anchoring, as well as
reduced ambient light from fine bubble
profusion.
Decreased light penetration due to Year-round, sunrise to sunset Permanent Continuous to Larvae; Larvae and juveniles: See impact Enforce speed and acceleration limits; | Sensitivity to these stressors is
increased surface reflectance from (with intensity dependent on intermittent Juveniles mechanisms, stressors, and stressor responses | avoid propeller cavitation. currently a data gap; the potential

effects resulting from this impact
mechanism are unknown.
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Table A-16 (continued). HPA HCP Marinas Exposure and Response Matrix for Surf Smelt and Sand lance.?

Sub-
activity
Type

Exposure

Resulting Effects of the

Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Water Quality
Modification
Increased suspended solids Dependent on contributing Temporary to short- Intermittent to Larvae; Larvae: Responses vary depending on stressor | Ensure project design avoids and/or May affect survival and productivity at
mechanism of impact term (dependent on interannual-decadal Juveniles: magnitude. Unavoidable extreme turbidity minimizes habitat alterations leading to | larval, juvenile, and adult life-history
contributing (dependent on ' may cause physical injury and/or chronic bank instability. Avoid short- | stages.
mechanism of contributing Adults physiological effects (e.g., gill trauma, altered | term turbidity effects above
impact) mechanism of osmoregulation, blood chemistry changes). background levels to greatest extent
impact) Moderate to high turbidity may decrease practicable. Adhere to established
foraging success, resulting in decreased protocols for managing sediment and
growth and fitness. turbidity.
Adults and juveniles: Same effects as above,
as well as increased stress and decreased
foraging opportunity due to avoidance
behavior.
Resuspension of contaminated Dependent on contributing Temporary to short- Intermittent to Larvae; Larvae: Decreased survival; increased Identify and demarcate all areas with May affect survival and productivity
sediments, resulting in exposure to | mechanism of impact term (e.g., interannual—decadal Juveniles: incidence of developmental abnormalities contaminated sediments, manage and across all life-history stages. Reduced
toxic substances operational spills) to | (dependent on ' leading to decreased survival and fitness. avoid causes of sediment disturbance growth and fitness may affect adult
long-term (e.g., ) contribu_ting Adults Juveniles and adults: Physiological responses (g.g_., d_efine a_n_d maintain vessel speed | spawning productivity.
reexposure of buried mechanlsm of to exposure at toxic levels causing mortality or limits in sensitive areas). Ensure
contaminants) impact) injury leading to reduced fitness. procedures are in place to quickly
Introduction of toxic substances deper_1den_t on Bioaccumulation of contaminants at subacute | SONtin and clean up spills of toxic
contributing levels, resulting in chronic physiological substances. Encourage the use of non-
mechanism of impact effecté leading to reduced fitness and/or toxic, biodegradable lubricants in
mortality. Contaminant exposure may cause construction vessels.
avoidance behavior and increased stress,
leading to reduced growth and fitness.
Altered dissolved oxygen levels Dependent on contributing Temporary to short- Intermittent to Eqggs; All life-history stages: Mortality in acute low | Avoid sediment pulses. Limit nutrient | May affect larval, juvenile, and adult
mechanism of impact term (e.g., permanent Larvae; dissolved oxygen events due to asphyxiation. inputs associated with discharges of survival and productivity. Reduced
(C:j(i):(:tﬁg:lr:;rlgsplll or ((:cci)enp:?_rgdetznt on Juveniles: ._]uveniles and adults: - Avoidance behavior and Wastr?wz_iter_and g;{iy water. Other adu(ljt fltpgss may affect spawning
g 1buting ’ increased stress, leading to reduced growth Mechanism-Spectfic measures as productivity.
seasonal (e.g., mechanism of Adults and fitness. appropriate.
reduced submerged impact)
aquatic vegetation
productivity due to
changes in ambient
light patterns)
dependent on
contributing
mechanism of impact
Altered pH levels Dependent on contributing Temporary to short- Intermittent to Eggs; All life-history stages: Physiological Limit nutrient inputs with wastewater May affect survival and productivity of
mechanism of impact term (depending on interannual-decadal Larvae: responses to pH levels outside of optimal and gray water holding and no direct eggs and larvae, juveniles, and adults.
contributing (dependent on - thresholds, causing direct mortality or injury waste discharge. Avoid curing of
mechanism of contributing Juveniles; leading to reduced fitness. concrete or discharge of concrete
impact) mechanism of Adults Juveniles and adults: Avoidance behavior and | '€achate to surface waters.

impact)

increased stress, leading to reduced growth
and fitness.
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Table A-16 (continued). HPA HCP Marinas Exposure and Response Matrix for Surf Smelt and Sand lance.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Promote removal of creosote-treated
wood and prevent new uses in
accordance with pertinent regulations.
Avoid use of other treated wood
products where practicable. Use
alternative materials such as concrete,
galvanized steel, plastic lumber,
recycled plastics, and plastic coatings
where practicable. Where treated
wood is necessary, use dense-grained
material to limit leaching. Use plastic
or metal cuffs at abrasion points to
avoid fragmentation and release of
treated wood particulates.

Removal: Completely remove treated
wood where practicable, consistent
with WDNR Standard Practice
Memorandum. When piles are left in
place, cut off at least 2 ft below surface
and cap with clean sediment. Contain
and capture sawdust for disposal at
approved facility..

May affect survival and productivity of
larvae, juveniles, and adults.

Require facilities to employ modern
low-impact development and
stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

May affect survival and productivity at
egg, larvae, and juvenile life-history
stages. May affect adult survival and
spawning productivity.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

May affect egg survival, decreasing
population productivity.

Use of creosote-treated Leaching of polycyclic aromatic Leaching begins upon Long-term (with Continuous with Eqggs; All life-history stages: Physiological
wood hydrocarbons (PAHS) installation, with highest decreasing seasonal pulses Larvae: responses to exposure at toxic levels, causing
levels after initial immersion, concentration (associated with high - mortality or injury leading to reduced fitness.
followed by peaks during intensity over time) water temperature Juveniles; Bioaccumulation of contaminants at subacute
periods of increased and current velocity) | Adults levels, resulting in chronic physiological
temperatures and higher flows. effects leading to reduced fitness and/or
Spikes in concentration occur mortality.
during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.
Use of ACZA- and CCA | Leaching of metals (Cu, As, Cr, Zn) | Leaching begins upon Intermediate-term Continuous with Larvae; All life-history stages: Physiological
type C-treated wood installation, with highest seasonal pulses Juveniles responses to exposure at toxic levels, causing
levels occurring within 7 (dependent on current mortality or injury leading to reduced fitness.
months of initial immersion. velocity) Bioaccumulation of contaminants at subacute
Spikes in concentration occur levels, resulting in chronic physiological
during removal due to effects leading to reduced fitness and/or
leaching from freshly cut mortality.
surfaces and dispersal of
sawdust fragments with high
surface area.
Increased stormwater Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Eggs; All life-history stages: Combined responses to
and nonpoint source contaminants, nutrients, altered and spring and summer high Ldrvae: altered pH, altered dissolved oxygen levels,
pollution dissolved oxygen, and increased boat-use periods _’ contaminant exposure, and increased
suspended solids Juveniles; suspended solids. Egg exposure may occur if
Adults stormwater is discharged across spawning
beaches, leading to decreased survival and
sublethal effects potentially limiting to growth
and fitness.
Riparian Vegetation
Modification
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Eggs Eqggs: Surf smelt and sand lance incubation
increased summer temperatures, winter/summer during solar permanent success is demonstrably affected by
decreased winter temperatures) radiation and ambient (dependent on nature microclimate conditions in the nearshore
- - temperature extremes) of riparian impacts). environment that are influenced by riparian
Altered ambient air vegetation. Alteration of riparian vegetation
temperature regime has been demonstrated to reduce egg survival
and incubation success.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to Eggs; Eggs: Smothering of incubating eggs or
bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent Larvae: alteration of substrate composition may
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) ” decrease egg survival.
substrate composition, smothering riparian recovery) Juveniles; Larvae and juveniles: See responses to
of aquatic vegetation) Adults

increased turbidity exposure described under
Water Quality Modification.

Adults: Potential reduction of suitable
spawning habitat, leading to decreased
spawning productivity.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

May affect egg survival. May affect
growth and fitness at larval and
juvenile life-history stages. May affect
adult spawning fitness and
productivity.
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Table A-16 (continued). HPA HCP Marinas Exposure and Response Matrix for Surf Smelt and Sand lance.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Eggs; Eqggs: Leaf litter and other detritus may Avoid/minimize disturbance of May affect survival of incubating eggs.
inputs derived prey resources; reduced occurs during nearshore Larvae: influence microclimate conditions in spawning | riparian vegetation. Maintain system- | Potential effects resulting from this
aquatic food web productivity due rearing period in spring and - substrates. Reduction in leaf litter may cause appropriate riparian buffer widths to impact mechanism on remaining life-
to reduced organic matter inputs summer) Juveniles; reduced incubation success. the greatest extent possible. history stages are unknown.
Adults Larvae, juveniles, and adults: Dependence on
autochthonous inputs from marine riparian
vegetation is a data gap.
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Larvae; All life-history stages: Altered habitat Avoid/minimize disturbance of Sensitivity to stressor exposure is
complexity woody debris, affecting habitat occurs during nearshore permanent Juveniles: complexity is likely to affect food web riparian vegetation. Maintain system- | currently a data gap for these species;
structure, hydraulic and substrate rearing period in spring and (dependent on nature ' dynamics and available foraging appropriate riparian buffer widths to the potential effects resulting from this
complexity, and availability of summer) of activity) Adults opportunities, potentially resulting in the greatest extent possible. impact mechanism are unknown.
organic substrate. Reduced food decreased growth and fitness.
web productivity, reduced foraging
opportunity, reduction in available
cover.
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Eggs; Eqggs: Groundwater inflow demonstrably Avoid/minimize disturbance of May affect egg survival and adult
surface water exchange productivity; secondary effects on occurs during nearshore Larvae: affects substrate temperatures, creating riparian vegetation. Maintain system- | spawning productivity. Potential
habitat complexity (e.g., through rearing period in spring and - favorable conditions for egg incubation. appropriate riparian buffer widths to effects resulting from this impact
alteration of aquatic vegetation) summer) Juveniles; Larvae and juveniles: Dependence of larval the greatest extent possible. mechanism on larvae and juveniles are
Adults and juvenile forage fish on surface water and unknown.
groundwater exchange in nearshore habitats is
currently a data gap; the potential for exposure
to these stressors is unknown.
Adults: Altered groundwater inflow may
affect spawning habitat suitability, leading to
decreased spawning success.
Agquatic Vegetation
Modification
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Eggs; Eqgs: Alteration or reduction of submerged Design: Site majority of facility May affect growth and fitness at egg,
production in spring and summer when Larvae: aquatic vegetation component of beach wrack | offshore to limit grounding and prop larval, juvenile, and adult life-history
vegetation growth is most - may affect microclimate conditions in wash effects. Limit project structural stages.
extensive) Juveniles; spawning substrates, decreasing egg survival footprint to minimize shading of
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Adults (part|cylarly during spring and summer aquatic vegetation to thg greatest
due to reduced photosynthesis in spring and summer when spawning). extent practicable. Design overwater
vegetation growth is most All life-history stages: Altered autochthonous structures and_ mooring buoy_s In
extensive) production and habitat complexity are likely to ﬁcr:]:%rgsggien‘évgg duaiﬁ\ri)f gclggﬁglffeg)s
- — - affect food web dynamics and available '
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous foraging opportunities, potentially resulting in | Construction: Avoid/minimize
complexity reduced foraging opportunity, permanent decreased growth and fitness disturbance of aquatic vegetation
reduction in available cover, (dependent on nature 9 ‘ duri st q i g
reduction in available spawning of activity) uring project construction.
habitat Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, as well as
reduced ambient light from fine bubble
profusion.
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Table A-16 (continued). HPA HCP Marinas Exposure and Response Matrix for Surf Smelt and Sand lance.?

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Eggs; All life-history stages: Wave energy, current Carefully evaluate project siting and May affect survival at the larval and
habitat suitability, reduced food exposure occuring in spring Larvae: velocity, sediment supply, substrate design and consider the magnitude of juvenile life-history stages. May affect
web complexity, habitat availability | and summer when larvae and - composition, and groundwater inputs are core | impact mechanisms produced by the juvenile and adult growth and fitness.
and suitability juveniles occupy nearshore Juveniles; ecosystem processes and characteristics that project. Encourage selection of project | Decreased fitness may affect spawning
habitats for rearing) Adults compose the nearshore ecosystem. Alteration | designs that minimize effects on productivity.
Altered current Year-round (with variable Permanent Intermittent in one or more of these parameters can sediment supply, longshore drift
S : ] fundamentally alter marine littoral habitats. patterns, and wave energy and current
velocities effects depending on site- Egg incubation success may be affected b atterns. For example:
specific current dynamics and lgg o y q y P ) ple:
project configuration) alteration/n VIREERRRrgyatterns an e  Permeable breakwaters that
- groundwater inputs. Alteration of current maintain longshore drift patterns
Altered nearshore Year-round (with seasonally Permanent Seasonal velocities and circulation patterns may cause ’
circulation patterns variable effects depending on transportation of planktonic larvae to e Suggest alternative designs for
site-specific geography and unfavorable habitats for growth and projects that fragment sources of
bathymetry, and project development. Alteration of nearshore habitat sediment recruitment and
configuration) productivity may also have concomitant groundwater supply.
Altered sediment supply Year-round (beginning with Permanent Continuous effects on food web relationships in the e Require beach nourisment to
project installation and offshore environment. Therefore, alteration of maintain substrate and beach
becoming more pronounced these parameters may affect foraging profile characteristics where
over time) opportunities for at larval and juvenile life- impacts are unavoidable.
history stages, leading to decreased adult
Altered substrate Year-round (beginning with Permanent Continuous fitness, decreased survival, and decreased
composition project installation and spawning productivity.
becoming more pronounced
over time [e.g., due to
accumulation of shell-hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater Year-round Permanent Continuous
inputs

% For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina.
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Table A-17. HPA HCP Marinas Exposure and Response Matrix for Herring.?

Sub-
activity
Type

Exposure

Resulting Effects of the
Submechanism

Mechanism of Impact Stressor Duration Minimization Measures

Frequency Life-history Form Response to Stressor

Marinas and Shipping/Ferry Terminals

Construction and
Maintenance Activities

Pile driving Increased underwater noise levels During project construction Temporary to short- Interannual to Eggs; Eggs and larvae: Noise of sufficient Avoid pile-driving noise in excess of May affect survival during egg, larval,
and maintenance activities term (hearing decadal (during Larvae: magnitude may cause direct mortality of eggs | impact thresholds established by juvenile, and adult life-history stages.
threshold effects) project construction 7 and larvae, or permanent injury leading to NOAA Fisheries and USFWS in
and maintenance) Juveniles; decreased survival and fitness. habitats used by species. Limit pile

driving to in-water work windows.
Where possible, avoid stressor
exposure during site-specific spawn
timing, incubation, and larval

. . . dispersal. Require review of available
=  Fatal injury or permanent auditory tissue | data and/or site surveys to determine if

Adults Adults and juveniles: Stressor response,
dependent on noise magnitude and project-
specific environmental conditions; may range
from:

damage limiting to survival. spawning adults or rearing larvae are

= Increased predation risk and decreased likely to be present, and time activities
foraging success due to auditory masking | to avoid stressor exposure. If pile
and/or temporary hearing threshold driving is necessary during spawning
effects that increase risk of predation period, use double-confined bubble
and/or decrease foraging efficiency due | curtain to attenuate sound pressure, or
to decreased ability to sense predators work within confined or dewatered
and prey. work areas. Encourage use of

vibratory hammers and wooden pilings

= Increased exertion due to behavioral where practicable.

responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.

Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles; Adults and juveniles: May cause avoidance Avoid/minimize propeller cavitation to | May affect growth, fitness, and
operation levels and maintenance activities masking) to short- decadal (during Adults behavior leading to increased stress and limit noise intensity. Promote use of survival due to avoidance behavior,
term (hearing project construction decreased foraging opportunity. Auditory vessels equipped with antinoise/ decreased foraging success, and
threshold effects) and maintenance) masking or temporary hearing threshold antivibration technology where increased predation risk.
effects may increase risk of predation due to practicable. Limit activities to in-
decreased ability to sense predators. water work windows where
practicable.
Work area dewatering Fish removal, relocation, and During project construction Short-term Interannual to Eqggs; Eqggs: Extended dewatering may lead to egg Limit activities to in-water work Dewatering and fish removal in marine
exclusion and maintenance activities decadal (depending Larvae: desiccation or thermal exposure, causing windows where practicable. habitats is an unlikely requirement for
on activity 7 mortality, or larval abnormalities limiting to marina and terminal development.
frequency) Juveniles; survival. However, in the event that such
Adults Larvae and juveniles: Dewatering is likely to activities are required, adverse effects

on exposed life-history stages should
be expected. Capture and removal of
larvae and juveniles is impractical,

lead to mortality, as larval and juvenile herring
will be difficult to capture and relocate

effectively. : Lt -
y . ) meaning that these activities are likely
Adults: Capture, handling, and relocation are to affect larval and juvenile survival.
likely to cause mortality, or injury and stress, Capture and removal of adults is likely
leading to mortality or decreased spawning to affect survival and spawning
fitness. productivity.
Entrainment in pumps or During project construction Short-term Interannual to Larvae; Larvae and juveniles: Pump entrainment is Adhere to in-water work windows; May cause injury and mortality of
impingement on pump screens and maintenance activities decadal (depending Juveniles: likely to cause mortality of drifting larvae. avoid use during spawning, incubation, | larvae, juveniles, and adults. Effects
on activity ' This effect cannot be avoided by pump and larval dispersal. are less likely to occur if activities are
frequency) Adults screening. Entrainment and impingement are conducted outside of spawning season.
likely to cause mortality of juveniles.
Adults: Impingement is likely to cause adult
mortality.
Working Draft-Do Not Cite Washington Department of Fish and Wildlife
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Table A-17 (continued).

HPA HCP Marinas Exposure and Response Matrix for Herring.?

Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered current and circulation During project construction Short-term Interannual to Larvae Larvae: Alteration of nearshore current and To the greatest extent practicable, limit | May affect larval survival, growth, and
conditions and maintenance activities decadal (depending circulation patterns may cause larvae to be alteration of current and circulation fitness.
on activity transported offshore or into habitats with patterns to minimal area.
frequency) increased predation risk and reduced foraging
opportunity, limiting survival, growth, and
fitness.
Bottom disturbance, increased During project construction Temporary Interannual to Eggs; Larvae: Potential decreased larval foraging Adhere to in-water work windows; The likely stressor is increased
turbidity (associated with site and maintenance activities decadal (depending Larvae: success due to turbidity exposure and substrate | avoid activity during spawning, suspended solids. May affect larval
rewatering) on activity - disturbance, leading to decreased growth and incubation, and larval dispersal. growth and survival. May affect
frequency) Juveniles; fitness. juvenile and adult survival. May affect
Adults Adults and juveniles: Stress caused by adult spawning productivity.
avoidance behavior; decreased foraging
success due to increased turbidity levels.
Adults: Decreased availability of spawning
substrate due to sedimentation effects on
submerged aquatic vegetation.
All life-history stages: See responses to
related stressors under Water Quality
Modification.
Localized alteration in invertebrate | NA NA NA NA NA NA NA
abundance
Increased suspended solids During project construction Short-term Interannual to Eqggs; All life-history stages: See responses to Limit area of dewatering to the greatest | See effects for related stressors under
and maintenance activities decadal (depending e related stressors under Water Quality extent practicable. Follow established | Water Quality Modification.
on activity 7 Modification. protocols for dewatering and
frequency) Juveniles; rewatering. Adhere to in-water work
Adults windows.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual—decadal Eggs; All life-history stages: See responses Avaoid fill or, if unavoidable, restore See effects for related stressors under
dredging substrate characteristics and maintenance activities Larvae: described under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic
- Modification. shoreline habitats. Modification.
Juveniles;
Adults
Aquatic vegetation removal and During project construction Intermediate-term Interannual-decadal Eqggs; All life-history stages: See responses Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Larvae: described under Aquatic Vegetation submerged aquatic vegetation to the Agquatic Vegetation Modification.
- Modification. greatest extent practicable through
Juveniles; project siting.
Adults
Entrainment of benthic organisms, During project construction Temporary to short- Interannual-decadal Larvae; All life-history stages: Entrainment of larval Require review of available data and/or | Increased suspended solids and
increased suspended solids, and maintenance activities term Juveniles: herring during dredging is likely to cause site surveys to determine if spawning resuspension of contaminated
resuspension of contaminated ' mortality or injury, leading to decreased adults or rearing larvae are likely to be | sediments would be the likely
sediments Adults survival. See responses described for related present, and time activities to avoid stressors. Unlikely to affect survival
stressors under Water Quality Modification. stressor exposure. Limit dredging- of larvae and adults if activities are
related turbidity to the greatest extent conducted during in-water work
practicable. Adhere to system-specific | windows. Likely to affect survival at
in-water work windows. any life-history stage if exposure
occurs. See effects for related stressors
under Water Quality Modification.
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Table A-17 (continued).

HPA HCP Marinas Exposure and Response Matrix for Herring.?

behavioral adaptation

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Facility Operation and
Vessel Activities
Grounding, anchoring, Increased turbidity, disturbed Year-round (with intensity Permanent Seasonal Larvae; All life-history stages: Response to increased | Site facilities to avoid concentration of | See effects for related stressors under
and/or prop wash benthic area dependent on facility activity Juveniles: turbidity exposure as described for related vessel traffic near identified spawning | Water Quality Modification and
peaks) ' stressors under Water Quality Modification. habitats to the greatest extent Hydraulic and Geomorphic
Adults Response to benthic disturbance as described | practicable. Modification.
for Hydraulic and Geomorphic Modification.
Eelgrass and macroalgae Year-round (with intensity of Permanent Intermittent to Eqggs; All life-history stages: See stressor responses | Site facilities in deeper water to avoid See effects for related stressors under
disturbance effects dependent on activity) common Larvae: under Aquatic Vegetation Modification. suspension of sediments from prop Agquatic Vegetation Modification.
7 wash and grounding. Prevent or
Juveniles; discourage anchoring, and provide
Adults alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year-round (with intensity Permanent Intermittent to Eggs; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under
operational discharges dissolved oxygen, and dependent on facility activity common Larvae: altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) - suspended solid exposure as described for discharge of ballast water where
related stressors under Water Juveniles; related stressors under Water Quality practicable.
Quality Modification Adults Modification.
Introduction of non-native species Year-round (with intensity Permanent (once Common Eggs; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival and productivity at
dependent on facility activity invasive species are introductions with [ affloe: interactions and food web organization; to ballast water management all life-history stages.
peaks) established) interannual to _’ exposure to non-native pathogens. regulations. Provide for upland
decadal colonization | Juveniles; discharge of ballast water where
events Adults practicable.
Increased or altered Auditory masking and/or alteration | Year-round (with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration limits; May affect growth, fitness, and
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease species’ avoid propeller cavitation. survival due to avoidance behavior,
peaks) ability to sense predators, increasing risk of decreased foraging success, and
predation. Avoidance behavior may lead to increased predation risk.
decreasing foraging efficiency, affecting
growth and fitness.
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Larvae; The potential for this stressor to affect herring | Allow at least 10 ft-c light under Potential effects resulting from this
modification and moored vessel hulls, creating sunset Juveniles: is currently a data gap. dock structure to limit changes in impact mechanism are unknown.
light contrasts requiring visual and ' ambient light conditions and effects on
behavioral adaptation Adults submerged aquatic vegetation.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Larvae; The potential for this stressor to affect herring | Reduce and shield facility and vessel Potential effects resulting from this
vessel lighting, creating light sunrise Juveniles: is currently a data gap. lighting to limit nighttime illumination | impact mechanism are unknown.
contrasts requiring visual and Adults ' of the underwater environment.
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Table A-17 (continued).

HPA HCP Marinas Exposure and Response Matrix for Herring.?

Introduction of toxic substances

contaminants)
dependent on
contributing
mechanism of impact

impact)

Juveniles and adults: Physiological responses
to exposure at toxic levels, causing mortality
or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality. Contaminant exposure may cause
avoidance behavior and increased stress,
leading to reduced growth and fitness.

procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of non-
toxic, biodegradable lubricants in
construction vessels.

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Shading from structures and Year-round (most pronounced | Permanent Continuous Eggs; All life-history stages: Altered habitat Design: Limit project structural Decreased spawning habitat area. May
vessels, resulting in loss of aquatic in spring and summer when Larvae: complexity is likely to affect food web footprint to minimize shading of affect productivity at egg, larval,
vegetation vegetation growth is most - dynamics and available foraging aquatic vegetation to the greatest juvenile, and adult life-history stages.
extensive) Juveniles; opportunities, potentially resulting in extent practicable. Design overwater
Adults decreased growth and fitness. structures and mooring buoys in
Adults: Reductions in available submerged accordance with USACE guidance to
aquatic vegetation or alteration of submerged | 'IMit shading and anchor scour effects.
aquatic vegetation community composition Operation: Enforce vessel operation
may limit spawning productivity. rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, as well as
reduced ambient light from fine bubble
profusion.
Decreased light penetration due to Year-round, sunrise to sunset Permanent Continuous to Eqggs; All exposed life-history stages: See impact Enforce speed and acceleration limits; | Potential effects resulting from this
increased surface reflectance from (with intensity dependent on intermittent Larvae: mechanisms, stressors, and stressor responses | avoid propeller cavitation. impact mechanism are unknown,
fine bubble profusion produced by | facility activity peaks) - under Aquatic Vegetation Modification. except as they pertain to effects on
prop wash Juveniles; submerged aquatic vegetation
Adults (decreased spawning habitat substrate).
Water Quality
Modification
Increased suspended solids Dependent on contributing Temporary to short- Intermittent to Eggs; Eqgs: Effects of suspended sediments on Ensure project design avoids and/or May affect survival and productivity at
mechanism of impact term (dependent on interannual-decadal Larvae: incubating herring eggs is currently a data gap. | minimizes habitat alterations leading to | egg, larval, juvenile, and adult life-
contrlbqtlng (depe_ndent on y o Larvae: Responses vary depending on stressor chronic bluff/bz?n_k instability. Avoid history stages.
mechanism of contributing ; —magnitude. Unavoidable extreme turbidity short-term turbidity effects above
impact) _mechanlsm of Adults may cause physical injury and/or background levels to greatest extent
impact) physiological effects (e.g., gill trauma, altered | Practicable. Adnere to established
osmoregulation, blood chemistry changes). protocols for managing sediment and
Moderate to high turbidity may decrease turbidity.
foraging success, resulting in decreased
growth and fitness.
Adults and juveniles: Same effects as above,
as well as increased stress and decreased
foraging opportunity due to avoidance
behavior.
Resuspension of contaminated Dependent on contributing Temporary to short- Intermittent to Eqggs; Eqgs and larvae: Decreased survival; Identify and demarcate all areas with May affect survival across all life-
sediments, resulting in exposure to | mechanism of impact term (e.g., interannual—decadal Larvae: increased incidence of developmental contaminated sediments, manage and history stages. Reduced growth and
toxic substances operational spills) to | (dependent on 7 abnormalities leading to decreased survival avoid causes of sediment disturbance fitness may affect adult spawning
long-term (e.g., contributing Juveniles; and fitness. (e.g., define and maintain vessel speed | productivity.
reexposure of buried | mechanism of Adults limits in sensitive areas). Ensure
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Table A-17 (continued).

HPA HCP Marinas Exposure and Response Matrix for Herring.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Altered dissolved oxygen levels Dependent on contributing Temporary to short- Intermittent to Eggs; All life-history stages: Mortality in acute low | Limit nutrient inputs associated with Decreased spawning habitat area. May
mechanism of impact term (e..g., ) permanent Larvae: dissolved oxygen events due to asphyxiation. discharges of wastewater and gray affegt larval, juvenile_, _and adult
contaminant spill or (depe_nde_nt on Juveniles: Juveniles and adults: Avoidance behavior and | Wter. Other mechaplsm-spemflc survwgl and productivity. Reduced
discharge) to contrlbu_tmg , increased stress, leading to reduced growth measures as appropriate. adult flt_ngss may affect spawning
seasonal (e.g., mechanism of Adults and fitness productivity.
reduced submerged impact) '
aquatic vegetation
productivity due to
changes in ambient
light patterns)
dependent on
contributing
mechanism of impact
Altered pH levels Dependent on contributing Temporary to short- Intermittent to Eqggs; All life-history stages: Physiological Limit nutrient inputs with wastewater May affect survival of eggs and larvae,
mechanism of impact term (depending on interannual—decadal Larvae: responses to pH levels outside of optimal and gray water holding and no direct juveniles, and adults.
contributing (dependent on - thresholds, causing direct mortality or injury waste discharge. Avoid curing of
mechanism of contributing Juveniles; leading to reduced fitness. concrete or discharge of concrete
impact) mechanism of Adults Juveniles and adults: Avoidance behavior and | 16achate to surface waters.
impact) increased stress, leading to reduced growth
and fitness.
Use of creosote-treated Leaching of polycyclic aromatic Leaching begins upon Long-term (with Continuous with Eqggs; All life-history stages: Physiological Promote removal of creosote-treated May affect survival and productivity of
wood hydrocarbons (PAHSs) installation, with highest decreasing seasonal pulses Larvae: responses to exposure at toxic levels, causing wood and prevent new uses in eggs, larvae, juveniles, and adults.
levels after initial immersion, concentration (associated with high 7 mortality or injury leading to reduced fitness. accordance with pertinent regulations.
followed by peaks during intensity over time) water temperature Juveniles; Bioaccumulation of contaminants at subacute | Avoid use of other treated wood
periods of increased and current velocity) | Adults levels, resulting in chronic physiological products where practicable. Use
temperatures and higher flows. effects leading to reduced fitness and/or alternative materials such as concrete,
Spikes in concentration occur mortality. Herring eggs are at an increased galvanized steel, plastic lumber,
during removal due to risk of exposure due to herring tendency to lay | recycled plastics, and plastic coatings
leaching from freshly cut eggs directly on pilings and other vertical where practicable. Where treated
surfaces and dispersal of structures in the nearshore environment. wood is necessary, use dense-grained
sawdust fragments with high material to limit leaching. Use plastic
surface area. or metal cuffs at abrasion points to
Use of ACZA-and CCA | Leaching of metals (Cu, As, Cr, Zn) | Leaching begins upon Intermediate-term Continuous with Eggs, All life-history stages: Physiological ?rvoldc}‘ragmgntarttlpn Iar;d release of
type C-treated wood installation, with highest seasonal pulses Larvae: responses to exposure at toxic levels, causing eated wood particutates.
levels occurring within 7 (dependent on current - mortality or injury leading to reduced fitness. Removal: Completely remove treated
months of initial immersion. velocity) Juveniles; Bioaccumulation of contaminants at subacute | wood where practicable, consistent
Spikes in concentration will Adults levels, resulting in chronic physiological with WDNR Standard Practice
occur during removal due to effects leading to reduced fitness and/or Memorandum. When piles are left in
leaching from freshly cut mortality. Herring eggs are at an increased place, cut off at least 2 ft below surface
surfaces and dispersal of risk of exposure due to herring tendency to lay | and cap with clean sediment. Contain
sawdust fragments with high eggs directly on pilings and other vertical and capture sawdust for disposal at
surface area. structures in the nearshore environment. approved facility.
Increased stormwater Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Eggs; All life-history stages: Combined responses to | Require facilities to employ modern May affect survival at egg, larvae, and
and nonpoint source contaminants, nutrients, altered and spring and summer high Larvae: altered pH, altered dissolved oxygen levels, low-impact development and juvenile life-history stages. May affect
pollution dissolved oxygen, and increased boat-use periods - contaminant exposure, and increased stormwater treatment technology. adult survival and spawning
suspended solids Juveniles; suspended solids Include operational requirements for productivity.
Adults capture and recycling of marina

washdown water. Avoid spillage and
overwater washdowns.
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Table A-17 (continued).

HPA HCP Marinas Exposure and Response Matrix for Herring.?

alteration of aquatic vegetation)

summer)

thresholds. Alteration of salinity
characteristics may limit egg survival or cause
larval abnormalities limiting to survival,
growth, and fitness.

Adults: The influence of surface water and
groundwater exchange on spawning habitat
suitability is currently a data gap. However,
alteration of this habitat parameter that affect
submerged aquatic vegetation may decrease
availability and/or suitability of spawning
habitat.

the greatest extent possible.

Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Riparian Vegetation
Modification
Altered riparian shading | Expansion of thermal regime (i.e., Pronounced in summer during | Long-term to Seasonal Eggs Eggs: The influence of marine riparian Avoid/minimize disturbance of Potential effects resulting from this
increased summer temperatures) solar radiation and ambient permanent shading on herring incubation is likely limited | riparian vegetation. Maintain system- | impact mechanism are unknown.
temperature extremes (dependent on nature due to the typical elevation of herring spawn appropriate riparian buffer widths to
Altered ambient air of riparian impacts) ‘ler;_f tehcetsugfpfr:_Zustt):gigérzz?g.c I—:?evr\]/gve;, Jgfa . the greatest extent possible.
temperature regime ! u y gap.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-termto | Continuous to Eggs; Eqgs, larvae, and juveniles: See responsesto | Avoid/minimize disturbance of May affect egg survival. May affect
bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent Larvae: increased turbidity exposure described under riparian vegetation. Maintain system- | productivity at larval and juvenile life-
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) ] 'I’ Water Quality Modification. appropriate riparian buffer widths to history stages. May affect adult
iti i inari uveniles; . . . i i ivi
s:bstrate:\ composition, smothering riparian recovery) ; Adults: Potential reduction of suitable the greatest extent possible. spawning productivity.
of aquatic vegetation) Adults spawning habitat, leading to decreased
spawning productivity.
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles; Juveniles and adults: Dependence on Avoid/minimize disturbance of Potential effects resulting from this
inputs derived prey resources. Reduced occurs during nearshore Adults autochthonous inputs from marine riparian riparian vegetation. Maintain system- | impact mechanism on remaining life-
aquatic food web productivity due rearing period in spring and vegetation is a data gap. appropriate riparian buffer widths to history stages are unknown.
to reduced organic matter inputs. summer) the greatest extent possible.
Altered habitat Reduced recruitment of large Year-round (stressor exposure | Short-term to Continuous Larvae; All life-history stages: Altered habitat Avoid/minimize disturbance of May affect larval, juvenile, and adult
complexity woody debris, affecting habitat occurs during nearshore permanent Juveniles: complexity is likely to affect food web riparian vegetation. Maintain system- | productivity. May affect adult
structure, hydraulic and substrate rearing period in spring and (dependent on nature ! dynamics and available foraging appropriate riparian buffer widths to spawning productivity.
complexity, and availability of summer) of activity) Adults opportunities, potentially resulting in the greatest extent possible.
organic substrate. Reduced food decreased growth and fitness.
web productivity, reduced foraging
opportunity, reduction in available
cover.
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Eqggs; Eggs and larvae: Herring egg and larval Avoid/minimize disturbance of May affect egg and larval survival and
surface water exchange productivity; secondary effects on occurs during nearshore Larvae: development is demonstrably affected by riparian vegetation. Maintain system- | productivity. May affect adult
habitat complexity (e.g., through rearing period in spring and Adul ' surface water salinities beyond tolerance appropriate riparian buffer widths to spawning productivity.
ults
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Table A-17 (continued).

HPA HCP Marinas Exposure and Response Matrix for Herring.

a

Sub-
activity Exposure Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Aquatic Vegetation
Modification
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Eqggs; All life-history stages: Altered habitat Design: Site majority of facility May affect productivity at larval,
production in spring and summer when Larvae: complexity is likely to affect food web offshore to limit grounding and prop juvenile, and adult life-history stages.
vegetation growth is most - dynamics and available foraging wash effects. Limit project structural
extensive) Juveniles; opportunities, potentially resulting in footprint to minimize shading of
Adults decreased growth and fitness. aquatic vegetation to the greatest
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Adults: Reductions in available submerged g;;teg]tt Egsa(;t:]caaﬁqlgbr%esgnOO\S/g:]water
complexity reduced foraging opportunity, permanent aquatic vegetation or alteration of submerged te : INg buoys !
A ’ ; : ; i accordance with USACE guidance to
reduction in available cover, (dependent on nature aquatic vegetation community composition limit shading and anchor scour effects
reduction in available spawning of activity) may limit spawning productivity. g '
habitat. Construction: Avoid/minimize
disturbance of aquatic vegetation
during project construction.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, as well as
reduced ambient light from fine bubble
profusion.
Hydraulic and
Geomorphic
Modification
Altered wave energy Change in habitat structure and Year-round(with stressor Permanent Continuous Eqggs; All exposed life-history stages: Wave energy, | Carefully evaluate project siting and May affect egg and larval survival and
habitat suitability, reduced food exposure occuring when Larvae: current velocity, sediment supply, substrate design and consider the magnitude of larval fitness. Decreased larval fitness
web complexity, habitat availability | larvae and juveniles occupy 7 composition, and groundwater inputs are core | impact mechanisms produced by the may affect survival and productivity
and suitability nearshore habitats for rearing) Juveniles; ecosystem processes and characteristics that project. Encourage selection of project | during juvenile and adult life-history
Altered current Year-round (with variable Permanent Intermittent Adults compose the nearshore ecosystem. Alteration | designs that minimize effects on phases in offshore and open ocean
velocities effects depending on site- in one or more of these parameters can sediment supply, longshore drift environments, and_ may affect
specific current dynamics and fundamentally alter marine littoral habitats. patterns, and wave energy and current | spawning productivity. Lossor
project configuration) Alteration in the aerial extent and composition | patterns. For example: alteration of suitable spawning habitat
- of the submerged aquatic vegetation e  Permeable breakwaters that may affect spawning productivity.
Altered nearshore Year-round (with seasonally Permanent Seasonal community resulting from these mechanisms maintain lonashore drift patterns
circulation patterns variable effects depending on may reduce available spawning habitat, 9 P '
site-specific geography and leading to reduced spawning productivity. »  Suggest alternative designs for
bathymetry, and project Egg incubation success may be affected by projects that frggment sources of
configuration) alteration in wave energy patterns. Alteration sediment recruitment and
Altered sediment supply Year-round (beginning with Permanent Continuous of current velocities apd circulation patterns groundwater supply.
project installation and may cause transportation of planktonic larvae | «  Require beach nourisment to
becoming more pronounced to unfavorable habitats for growthand maintain substrate and beach
over time) development. Alteration of nearshore habitat profile characteristics where
— - - productivity may also have concomitant impacts are unavoidable.
Altered substrate Year-round (beginning with Permanent Continuous effects on food web relationships in the
composition project installation and offshore environment. Therefore, alteration of
becoming more pronounced these parameters may affect foraging
over time [e.g., due to opportunities at the juvenile life-history stage,
accumulation of shell-hash, over time leading to decreased adult fitness,
sediment settling due to decreased survival, and decreased spawning
altered wave and/or current productivity.
regime, routine grounding,
anchor trenching])
Altered groundwater Year-round Permanent Continuous
surface water exchange

% For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina.
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Construction and
Maintenance Activities

Table A-18. HPA HCP Marinas Exposure and Response Matrix for Lingcod.?
Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism

Marinas and Shipping/Ferry Terminals

resuspension of contaminated
sediments

insufficiently mobile to avoid entrainment.
Juveniles may experience temporary decrease
in foraging opportunity due to short-term
reduction in prey availability leading to
decreased growth and fitness.

All exposed life-history stages: See responses
described for related stressors under Water
Quality Modification.

Pile driving Increased underwater noise levels During project construction Temporary (auditory Interannual to Juveniles; Juveniles and adults: Stressor response Avoid pile-driving noise in excess of Activity may cause direct mortality or
and maintenance activities masking) to short-term decadal (during Adults dependent on noise magnitude and project- impact thresholds established by otherwise affect survival, growth, and
(hearing threshold project construction specific environmental conditions; may range | NOAA Fisheries and USFWS in fitness at all life-history stages,
effects) and maintenance) from: habitats used by species. Limit pile depending on project-specific noise
- . ; ; driving to in-water work windows. intensity and receptor exposure.
g::ﬁ;é?ﬂ%i?i;getgmsinrs?\t/;lfdnory tissue Use double-confined bubble curta_in to
reduce sound pressure, or work within
= Increased predation risk and decreased confined or dewatered work areas.
foraging success due to auditory masking | Encourage use of vibratory hammers
and/or temporary hearing threshold and wooden pilings where practicable.
effects that increase risk of predation
and/or decrease foraging efficiency due
to decreased ability to sense predators
and prey.
= Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory Interannual to Juveniles; Adults and juveniles: Auditory masking or Avoid/minimize cavitation to limit May affect survival and productivity
operation levels and maintenance activities masking) to short-term decadal (during Adults temporary hearing threshold effects may noise intensity. Promote use of vessels | due to avoidance behavior, decreased
(hearing threshold project construction increase risk of predation and/or decrease equipped with antinoise/antivibration foraging success, and increased
effects) and maintenance) foraging efficiency due to decreased ability to | technology where practicable. predation risk. Actual effects are
sense predators and/or prey. unknown as stressor sensitivity is
currently a data gap.
Navigation/maintenance Alteration of bathymetry and During project construction Permanent Interannual—decadal Juveniles; Adults and juveniles: See responses described | Avoid fill or, if unavoidable, restore See effects for related stressors under
dredging substrate characteristics and maintenance activities Adults under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic
Modification. shoreline habitats. Modification.
Aquatic vegetation removal and During project construction Intermediate-term Interannual-decadal Juveniles; Juveniles and adults: See responses described | Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Adults above under Aquatic Vegetation Modification. | submerged aquatic vegetation to the Riparian and Aquatic Vegetation
greatest extent practicable through Modification.
project siting.
Entrainment of benthic organisms, During project construction Temporary to short-term | Interannual-decadal Juveniles; Juveniles: Post-settlement, juveniles may Avoid turbidity effects above May cause direct mortality or injury to
increased suspended solids, and maintenance activities Adults suffer injury or mortality as they are background levels. juveniles. May affect juvenile growth

and fitness. See effects for related
stressors under Water Quality
Modification.
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Table A-18 (continued).

HPA HCP Marinas Exposure and Response Matrix for Lingcod.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Facility Operation/ Vessel
Activities
Benthic disturbance from Increased turbidity, disturbed Year-round (with intensity Permanent Common Juveniles; Juveniles: Potential for direct injury or Site facilities in deeper water to avoid Potential juvenile mortality or injury
grounding, anchoring, and/or | benthic area dependent on facility activity Adults mortality, and disturbance and displacement suspension of sediments from prop from grounding and anchoring. Stress
prop wash peaks) from vessel grounding and anchoring leading wash and grounding. Prevent or from disturbance and displacement
to increased stress and decreased growth and discourage anchoring and provide leading to decreased growth and
fitness. alternatives such as mooring buoys fitness. See effects for related stressors
. _— . designed in accordance with USACE under Water Quality Modification and
Adu'lts_ and juveniles: Response to increased guidance. Hydraulic and Geomorphic
turbidity exposure as described for related Modification
stressors under Water Quality Modification. '
Response to benthic disturbance as described
above for Hydraulic and Geomorphic
Modification.

Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under

disturbance prevalent during spring and common Agquatic Vegetation Modification. suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods, with wash and grounding. Prevent or
intensity dependent on discourage anchoring, and provide
activity) alternatives such as mooring buoys

designed in accordance with USACE
guidance.
Vessel maintenance and Exposure to altered pH, altered Year-round (with intensity Permanent Intermittent to Larvae; All exposed life-history stages: Combined Avoid and prohibit ballast water See effects for related stressors under
operational discharges dissolved oxygen, and dependent on facility activity common Juveniles: responses to altered pH, contaminants, and discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) increased suspended solid exposure as discharge of ballast water where

related stressors under Water Adults described for related stressors under Water practicable.

Quality Modification Quality Modification.

Introduction of non-native species Year-round (with intensity Permanent (once Common Eggs; larvae; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival and population
dependent on facility activity invasive species are introductions with Juveniles: interactions and food web organization; to ballast water management productivity at all life-history stages.
peaks) established) interannual to exposure to non-native pathogens. regulations. Provide for upland

decadal colonization | Adults discharge of ballast water where
events practicable.
Increased or altered ambient | Auditory masking and/or alteration | Year-round (with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration limits; May affect survival and productivity
noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to avoid cavitation. due to avoidance behavior, decreased
peaks [stressor exposure sense predators and/or prey, increasing risk of foraging success, and increased
occurs in spring and summer predation and decreasing foraging efficiency. predation risk. Actual effects are
during nearshore movement]) uncertain as lingcod sensitivity to this
stressor is a data gap.
Ambient light modification Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles; Adults and juveniles: Lingcod sensitivity to Design facilities so majority of Effects of action are unknown as

and moored vessel hulls, creating sunset (stressor exposure Adults ambient light modification is currently a data structural and moorage shading occurs | lingcod sensitivity to this stressor is

light contrasts requiring visual and | occurs in spring and summer gap. offshore away from submerged aquatic | currently a data gap.

behavioral adaptation during nearshore movement) vegetation, movement corridors, and

foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles Juveniles: Potential for attraction to lighted Reduce and shield facility and vessel May affect juvenile survival.

vessel lighting, creating light
contrasts requiring visual and
behavioral adaptation

sunrise (stressor exposure
occurs in spring and summer
during nearshore movement)

area and increased predation exposure is a data
gap for lingcod.

lighting to limit nighttime illumination
of the underwater environment.
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Table A-18 (continued).

HPA HCP Marinas Exposure and Response Matrix for Lingcod.?

Sub- Exposure )
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Decreased light penetration due to Year-round, sunrise to sunset Permanent Continuous to Juveniles Juveniles: Lingcod sensitivity to ambient light | Enforce speed and acceleration limits; | Effects of action are unknown as

surface reflectance from fine
bubble profusion produced by prop
wash

(with intensity dependent on
facility activity peaks [stressor
exposure occurs in spring and
summer during nearshore
movement])

intermittent

modification is currently a data gap. See
impact mechanisms, stressors, and stressor
responses under Aquatic Vegetation
Modification.

avoid cavitation.

receptor sensitivity to this stressor is
currently a data gap. See effects for
related stressors under Aquatic
Vegetation Modification.

Water Quality
Modification

Increased suspended solids

Dependent on contributing
mechanism of impact

Temporary to short-term
(dependent on
contributing mechanism
of impact)

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Eggs and larvae;
Juveniles;
Adults

Eqggs and larvae: Increased suspended solids
in microlayer habitat may lead to direct
mortality and decreased survival of eggs and
larvae.

Juveniles and adults: Responses vary
depending on stressor magnitude.
Unavoidable extreme turbidity may cause
physical injury and/or physiological effects
(e.g., gill trauma, altered osmoregulation,
blood chemistry changes). Moderate to high
turbidity may cause behavioral alteration (e.g.,
avoidance responses) leading to increased
territoriality, reduced foraging opportunity,
increased predation exposure, and altered
movement behavior.

Adults: Reduction in suitable spawning
habitat (due to substrate embeddedness) and
reduced spawning success.

Ensure project design avoids and/or
minimizes habitat alterations leading to
increased suspended solids. Avoid
short-term turbidity effects above
background levels to greatest extent
practicable. Adhere to established
protocols for managing sediment and
turbidity.

May affect survival, growth, and
fitness at larval, juvenile, and adult
life-history stages.

Resuspension of contaminated
sediments, resulting in exposure to
toxic substances

Introduction of toxic substances

Dependent on contributing
mechanism of impact

Temporary to short-term
(e.g., operational spills)
to long-term (e.g.,
reexposure of buried
contaminants)
dependent on
contributing mechanism
of impact

Intermittent to
interannual—decadal
(dependent on
contributing
mechanism of
impact)

Eggs and larvae;
Juveniles;
Adults

Eqggs and larvae: Decreased survival;
increased incidence of developmental
abnormalities leading to decreased survival
and fitness.

Juveniles and adults: Avoidance, mortality,
increased stress, reduced growth and fitness,
tissue bioaccumulation, increased disease
incidence, and reduced additional stressor
toleration, habitat avoidance, altered or
delayed movement behavior.

Identify and demarcate all areas with
contaminated sediments, manage and
avoid causes of sediment disturbance
(e.g., define and maintain vessel speed
limits in sensitive areas). Ensure
procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of non-
toxic, biodegradable lubricants in
construction vessels.

May affect survival and productivity at
egg, larvae, and juvenile life-history
stages. Reduced growth and fitness
may affect adult spawning
productivity.

Altered dissolved oxygen levels

Dependent on contributing Temporary to short-term

(e.g., contaminant spill

Intermittent to

Eggs and larvae;

Eggs and larvae: Mortality due to
asphyxiation in acute low microlayer

Avoid sediment pulses. Limit nutrient
inputs associated with discharges of

May affect survival of incubating eggs
and larvae. May affect juvenile and

mechanism of impact permanent Juveniles:
or discharge) to seasonal | (dependent on dissolved oxygen events. (Egg exposure may | wastewater and gray water. Other adult survival. May cause temporary
(e.g., reduced contributing Adults occur in rare circumstances if nests are located | mechanism-specific measures as avoidance behavior, potentially leading
submerged aquatic mechanism of close to shore.) appropriate. to decreased growth and fitness.
\éﬁgeettcz)itéﬁgngrgsdiunct|V|ty impact) Juvenilgs _and adl_JIts: Avoidance behavior or
ambient light patterns) asphyxiation during acute events.
dependent on
contributing mechanism
of impact

Altered pH levels Dependent on contributing Temporary to short-term | Intermittent to Eggs; All life-history stages: Physiological Limit nutrient inputs with wastewater Acute exposure may cause mortality at

mechanism of impact (dependent on interannual—decadal Larvae: responses to pH levels outside of optimal and gray water holding and no direct all exposed life-history stages.
contributing mechanism | (dependent on . thresholds, causing mortality or injury leading | waste discharge. Prevent in-water Juveniles and adults avoidance
of impact) contributing Juveniles; to reduced fitness. Adult and juvenile curing of concrete and discharge of behavior at subacute exposure levels.

mechanism of Adults avoidance behavior at subacute exposure concrete leachate to surface waters.

impact)

levels.
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Table A-18 (continued).

HPA HCP Marinas Exposure and Response Matrix for Lingcod.?

Sub-
Activity
Type

Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Use of creosote-treated wood | Leaching of polycyclic aromatic Leaching begins upon Long-term (with Continuous with Eggs: All exposed life-history stages: Physiological | Promote removal of creosote-treated May affect survival, growth, and
hydrocarbons (PAHSs) installation, with highest decreasing concentration | seasonal pulses Larvae: responses to exposure at toxic levels causing wood and prevent new usesin fitness of all exposed life-history
levels after initial immersion, | intensity over time) (associated with high U mortality or injury leading to reduced fitness. | accordance with pertinent regulations. | stages. Reduced fitness may affect
followed by peaks during water temperature Juveniles; Bioaccumulation of contaminants at subacute | Avoid use of other treated wood adult spawning productivity.
periods of increased and current velocity) | Adults levels, resulting in chronic physiological products where practicable. Use
temperatures and stronger effects leading to reduced fitness and/or alternative materials such as concrete,
currents or tidal exchange. mortality. Likelihood of egg exposure is galvanized steel, plastic lumber,
Spikes in concentration occur limited but may occur if nesting takes place recycled plastics, and plastic coatings
during removal due to near treated wood structures. where practicable. Where treated
leaching from freshly cut wood is necessary, use dense-grained
surfaces and dispersal of material to limit leaching. Use plastic
sawdust fragments with high or metal cuffs at abrasion points to
surface area. avoid fragmentation and release of
: ; ; - 3 - ; - - treated wood particulates.
Use of ACZA- and CCA Leaching of metals (Cu, As, Cr, Zn) | Leaching begins upon Intermediate-term Continuous with Eggs; Juveniles and adults: Physiological responses
type C-treated wood installation, with highest seasonal pulses Larvae: to exposure at toxic levels causing mortality or | Removal: Completely remove treated
levels occurring within 7 (dependent on current ’ injury leading to reduced fitness. wood where practicable, consistent
months of initial immersion velocity) Juveniles; Bioaccumulation of contaminants at subacute | With WDNR Standard Practice
Adults levels resulting in chronic physiological Memorandum. When piles are left in
effects leading to reduced fitness and/or place, cut off at least 2 ft below surface
mortality. Likelihood of egg exposure is and cap with clean sediment. Contain
limited but may occur if nesting takes place and capture sawdust for disposal at
near treated wood structures. approved facility.
Increased stormwater and Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Eggs; All exposed life-history stages: Combined Require facilities to employ modern May affect survival, growth, and
nonpoint source pollution contaminants, nutrients, altered and spring and summer high Larvae: responses to altered pH, altered dissolved low-impact development and fitness of all exposed life-history
dissolved oxygen, and increased boat-use periods y oxygen levels, contaminant exposure, and stormwater treatment technology. stages.
suspended solids Juveniles; increased suspended solids as described above | Include operational requirements for
Adults capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
Riparian and Shoreline
Vegetation Modification
Altered riparian shading Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to permanent | Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival and
increased summer temperatures, winter/summer during solar (dependent on nature of temperature have a minor effect on nearshore riparian vegetation. Maintain system- | productivity. Currently a data gap.
decreased winter temperatures) radiation and ambient riparian impacts) water temperatures relative to the dominant appropriate riparian buffer widths to
temperature extremes) influence of marine tidal and current patterns, | the greatest extent possible.
wind conditions, and other factors. However,
juveniles trapped in habitats isolated by tidal
Altered ambient air exchange (e.g., pocket estuaries) may
temperature regime experience increased temperatures where
shade and buffer influence has been altered,
potentially leading to mortality or increased
thermal stress and decreased fitness.
Altered shoreline and bluff Increased suspended solids; Year-round (with primary Intermediate-term to Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival.

stability

secondary effects on habitat
complexity (e.g., through change in
substrate composition, smothering
of aquatic vegetation)

stressor prominent during high
wave energy conditions)

long-term (dependent on
time required for
riparian recovery)

seasonal (dependent
on specific stressor)

availability and foraging opportunities,
leading to increased competition and resulting
effects on growth and fitness. Potential
habitat avoidance and/or injury and mortality
caused by excessive turbidity, as described for
related stressor responses under Water Quality
Modification.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.
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Table A-18 (continued).

HPA HCP Marinas Exposure and Response Matrix for Lingcod.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered allochthonous inputs | Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Lingcod dependence on Avoid/minimize disturbance of May affect juvenile growth and fitness
derived prey resources; reduced occurs during nearshore allochthonous inputs from marine riparian riparian vegetation. Maintain system-
aquatic food web productivity due rearing period in spring and vegetation is a data gap. However, juveniles appropriate riparian buffer widths to
to reduced organic matter inputs summer) are known to use shallow vegetated habitats the greatest extent possible.
and pocket estuaries which contain food
sources that depend on marine riparian
autochthonous input. Decreased food web
productivity may result in reduced foraging
opportunities.
Altered habitat complexity Reduced recruitment of large Year-round (stressor exposure | Short-term to permanent | Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival, growth,
woody debris, affecting habitat occurs during nearshore (dependent on nature of availability and foraging opportunities, permanent alteration of high-quality and fitness.
structure, hydraulic and substrate rearing period in spring and activity) leading to increased competition and resulting | habitat features.
complexity, and availability of summer) effects on growth and fitness.
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover.
Altered groundwater—surface | Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Juvenile lingcod are known to Avoid/minimize disturbance of May affect survival, growth, and
water exchange productivity; secondary effects on occurs during nearshore selectively settle and rear in areas with riparian vegetation. Maintain system- | fitness of juveniles.
habitat complexity (e.g., through rearing period in spring and reduced salinities; therefore, groundwater appropriate riparian buffer widths to
alteration of aquatic vegetation) summer) inflow may provide increased habitat the greatest extent possible.
suitability. Reduction in suitable habitat area
may affect survival, growth, and fitness.
Aquatic Vegetation
Modification
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile growth and fitness.
production in spring and summer when due to decreased food web productivity; offshore to limit grounding and prop
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
Altered habitat complexity Reduced food web productivity, Year-round Short-term to permanent | Continuous Juveniles; Juveniles: Decreased refuge habitat Zggeag:cp\rlggt?zztg?en. t%;g?g%rga\;t:fvtvater May affect juvenile survival. May
reduced foraging opportunity, (dependent on nature of Adults availability and foraging opportunities, structures and mooring buoys in affect adult growth and fitness.

reduction in available cover

activity)

leading to increased competition and predation
exposure, resulting in decreased survival,
growth, and fitness.

Adults: Decreased foraging opportunity due
to decreased food web productivity.
Decreased growth and reproductive fitness.

accordance with USACE guidance to
limit shading and anchor scour effects.

Construction: Avoid/minimize
disturbance of aquatic vegetation
during project construction.

Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, as well as
reduced ambient light from fine bubble
profusion.
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Table A-18 (continued).

HPA HCP Marinas Exposure and Response Matrix for Lingcod.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and Geomorphic
Modification
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Larvae; Larvae and juveniles: Wave energy, current Carefully evaluate project siting and May affect survival, growth, and
habitat suitability, reduced food exposure occurring when Juveniles velocity, sediment supply, substrate design and consider the magnitude of fitness at larval and juvenile life-
web complexity, habitat availability | juveniles occupy nearshore composition, and groundwater inputs are core | impact mechanisms produced by the history stages. .
and suitability habitats for rearing) ecosystem processes and characteristics that project. Encourage selection of project
. - - ] compose the nearshore ecosystem. Alteration | designs that minimize effects on
Altered current velocities Year-round (with variable Permanent Intermittent in one or more of these parameters can sediment supply, longshore drift
eﬁe(‘:ts. depending on site- fundamentally alter marine littoral habitats, patterns, and wave energy and current
spegﬂc current dynamlcs and potentially decreasing the likelihood of larval patterns. For example:
project configuration) lingcod settlement in nearshore areas o Permeable breakwaters that
Altered nearshore circulation Year-round (with seasonally | Permanent Seasonal favorable for rearing, as well as the overall maintain longshore drift patterns
patterns variable effects depending on swf[ablllty of rearing habitat for juvenlles._ ) '
Site-SpeCifiC geography and This may _OCCUI’ through a number Of SpelelC ° Suggest alternative designs for
bathymetry, and project stressors, including increased exertion and projects that fragment sources of
configuration) stress due to change in current and wave sediment recruitment and
energy patterns, increased predatlon exposure groundwater supp|y
Altered sediment supply Year-round (beginning with Permanent Continuous due to reduction in available cover or exposure
project installation and to deep water habitat, food web alterations and | ® Requirg beach nourishment to
becoming more pronounced decreased foraging opportunity, and increased maintain substrate and beach
over time) competition for suitable habitats. The profile characteristics where
- : combined effect of these stressors can result in impacts are unavoidable.
Altered _s,gbstrate Yegr-ro_und (beglnnlng with Permanent Continuous decreased growth, decreased fitness, and direct
composition project installation and mortality.
becoming more pronounced
over time [e.g., due to
accumulation of shell-hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater inputs Year-round Permanent Continuous
Altered current velocities Year-round (with effects more | Permanent Common
predominant in reservoirs
versus natural lakes)
Altered nearshore circulation Year-round (with variable Permanent Seasonal
patterns effects by season [e.g.,
circulation patterns])
Altered groundwater inputs Year-round Permanent Continuous
Altered sediment supply Year-round Permanent Continuous
Altered substrate Year-round Permanent Continuous
composition

# For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina.
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Table A-19. HPA HCP Marinas Exposure and Response Matrix for Pacific Cod, Hake, and Walleye Pollock.?
Sub- Exposure
activity Life History
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action

Marinas and Shipping/Ferry Terminals

Construction and
Maintenance

Activities
Pile driving Increased underwater noise levels During project construction Temporary (auditory | Interannual to Larvae; All life-history stages: Stressor response Avoid pile-driving noise in excess of Activity may cause direct mortality or
and maintenance activities masking) to short- decadal (during Juveniles: dependent on noise magnitude and project- impact thresholds established by otherwise affect survival, growth, and
term (hearing project construction ' specific environmental conditions; may range | NOAA Fisheries and USFWS in fitness and at all life-history stages,
threshold effects) and maintenance) Adults from: habitats used by these species. Limit depending on project-specific noise
»  Barotraumas causing fatal injury or pile driving to in_—water work Wino!ows. intensity and receptor exposure.
permanent auditory tissue damage in Use double-confined bubble curtain to
larvae, juveniles, and adults limiting to reduce sound pressure, or work within
survival. confined or dewatefed work areas.
o Encourage use of vibratory hammers
= Increased predation risk and decreased and wooden pilings where practicable.
foraging success due to auditory masking
and/or temporary hearing threshold
effects that increase risk of predation
and/or decrease foraging efficiency due
to decreased ability to sense predators
and prey.
= Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles; Adults and juveniles: Auditory masking or Avoid/minimize cavitation to limit May affect survival, growth, and
operation levels and maintenance activities masking) to short- decadal (during Adults temporary hearing threshold effects may noise intensity. Promote use of vessels | fitness due to avoidance behavior,
term (hearing project construction increase risk of predation and/or decrease equipped with antinoise/antivibration decreased foraging success, and
threshold effects) and maintenance) foraging efficiency due to decreased ability to | technology where practicable. increased predation risk.
sense predators and/or prey.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual—decadal Juveniles; All life-history stages: See responses Avaoid fill or, if unavoidable, restore See effects for related stressors under
dredging substrate characteristics and maintenance activities Adults described under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic
Modification. shoreline habitats. Modification.
Aguatic vegetation removal and During project construction Intermediate-term Interannual-decadal Juveniles; Juveniles and adults: See responses described | Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Adults under Aquatic Vegetation Modification. submerged aquatic vegetation to the Aquatic Vegetation Modification.
greatest extent practicable through
project siting.
Entrainment of benthic organisms, During project construction Temporary to short- Interannual-decadal Larvae; Juveniles: Post-settlement juveniles may Avoid turbidity effects above May cause direct mortality of
increased suspended solids, and maintenance activities term Juveniles suffer injury or mortality as they are background levels. juveniles. May affect juvenile
resuspension of contaminated insufficiently mobile to avoid entrainment. survival, growth, and fitness. See
sediments Juveniles may experience temporary decrease effects for related stressors under
in foraging opportunity due to short-term Water Quality Modification.
reduction in prey availability leading to
decreased growth and fitness.
All exposed life-history stages: See responses
described for related stressors under Water
Quality Modification.
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Table A-19 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pacific cod, hake, and Walleye Pollock.?

penetration due to surface reflectance
from fine bubble profusion produced
by prop wash

(with intensity dependent on
facility activity peaks [stressor
exposure occurs in spring and
summer during nearshore
movement])

intermittent

modification is currently a data gap. See
impact mechanisms, stressors, and stressor
responses under Aquatic VVegetation
Modification.

avoid cavitation.

Sub- Exposure
activity Life History
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Facility Operation/
Vessel Activities
Benthic disturbance Increased turbidity, disturbed benthic | Year-round (with intensity Permanent Common Juveniles Juveniles: Potential for direct injury or Site facilities in deeper water to avoid Potential juvenile mortality or injury
from grounding, area dependent on facility activity mortality, disturbance and displacement from suspension of sediments from prop from grounding and anchoring. Stress
anchoring, and/or prop peaks) vessel grounding and anchoring leading to wash and grounding. Prevent or from disturbance and displacement
wash increased stress, and decreased growth and discourage anchoring, and provide leading to decreased growth and
fitness. Response to increased turbidity alternatives such as mooring buoys fitness. See effects for related stressors
exposure as described for related stressors designed in accordance with USACE under Water Quality Modification and
under Water Quality Modification. Response | guidance. Hydraulic and Geomorphic
to benthic disturbance as described for Modification.
Hydraulic and Geomorphic Modification.

Eelgrass and macroalgae disturbance | Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid | See effects for related stressors under
prevalent during spring and common Riparian and Aquatic Vegetation suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods, with Modification. wash and grounding. Prevent or
intensity dependent on discourage anchoring, and provide
activity) alternatives such as mooring buoys

designed in accordance with USACE

guidance.
Vessel maintenance and | Exposure to altered pH, altered Year round (with intensity Permanent Intermittent to Juveniles; All exposed life-history stages: Combined Avoid and prohibit ballast water See effects for related stressors under
operational discharges dissolved oxygen, and contaminants, | dependent on facility activity common Adults responses to altered pH, contaminants, and discharge. Provide for upland Water Quality Modification.

as described for related stressors peaks) increased suspended solid exposure as discharge of ballast water where

under Water Quality Modification described for related stressors Water Quality practicable.

Modification.

Introduction of non-native species Year round (with intensity Permanent (once Common Eggs All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival and population
dependent on facility activity invasive species are introductions with Larvae: interactions and food web organization; to ballast water management productivity at all exposed life-history
peaks) established) interannual to - exposure to non-native pathogens. regulations. Provide for upland stages.

decadal colonization | Juveniles; discharge of ballast water where
events Adults practicable.
Increased or altered Auditory masking and/or alteration of | Year-round (with intensity Permanent Continuous to Juveniles; Adults and juveniles: Auditory masking or Enforce speed and acceleration limits; May affect survival and productivity
ambient noise levels hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to avoid cavitation. due to avoidance behavior, decreased
peaks [stressor exposure sense predators and/or prey, increasing risk of foraging success, and increased
occurs in spring and summer predation and decreasing foraging efficiency. predation risk.
during nearshore movement])
Ambient light Daytime shading from structures and | Year-round from sunrise to Permanent Daily Juveniles Juveniles: Juvenile pollock, cod, and hake Design facilities so majority of Effects of action are unknown as
modification moored vessel hulls, creating light sunset (stressor exposure sensitivity to ambient light modification is structural and moorage shading occurs | receptor sensitivity to this stressor is
contrasts requiring visual and occurs in spring and summer currently a data gap. offshore away from submerged aquatic | currently a data gap.

behavioral adaptation during nearshore movement) vegetation, movement corridors, and

foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions.

Nighttime artificial facility and vessel | Year-round from sunset to Permanent Daily Juveniles Juveniles: Potential for attraction to lighted Reduce and shield facility and vessel Effects of action are unknown as

lighting, creating light contrasts sunrise (stressor exposure area and increased predation exposure is a data | lighting to limit nighttime illumination | receptor sensitivity to this stressor is

requiring visual and behavioral occurs in spring and summer gap for Pacific cod, hake, and walleye pollock. | of the underwater environment. currently a data gap.

adaptation during nearshore movement)

Marine systems: Decreased light Year-round, sunrise to sunset Permanent Continuous to Juveniles Juveniles: Direct sensitivity to ambient light Enforce speed and acceleration limits; Effects of action are unknown as

receptor sensitivity to this stressor is
currently a data gap. See effects for
related stressors under Aquatic
Vegetation Modification.
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Table A-19 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pacific cod, hake, and Walleye Pollock.?

Sub-
activity
Type

Exposure
Life History
Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Water Quality
Modification
Increased suspended solids Dependent on contributing Temporary to short- Intermittent to Larvae; Larvae: Increased suspended solids in Ensure project design avoids and/or May affect survival, growth, and
mechanism of impact term (dependent on interannual—decadal Juveniles microlayer habitat may lead to direct mortality | minimizes habitat alterations leading to | fitness at larval and juvenile life-
contributing (dependent on and decreased larval survival. increased suspended solids. Avoid history stages.
mechanism of contributing Juveniles: Responses vary depending on short-term turbidity effects above
impact) mechanism of Stressor n magnitude. Unavoidable extreme background levels to greatest extent
impact) turbidity may cause physical injury and/or practicable. Adhere_to estaplished
physiological effects (e.g., gill trauma, altered protpc_ols for managing sediment and
osmoregulation, blood chemistry changes). turbidity.
Moderate to high turbidity may cause
behavioral alteration (e.g., avoidance
responses) leading to increased territoriality,
reduced foraging opportunity, increased
predation exposure, and altered movement
behavior.
Resuspension of contaminated Dependent on contributing Temporary to short- Intermittent to Larvae; Larvae: Decreased survival; increased Identify and demarcate all areas with May affect survival, growth, and
sediments, resulting in exposure to mechanism of impact term (e.g., interannual-decadal Juveniles incidence of developmental abnormalities contaminated sediments, manage and fitness at larval and juvenile life-
toxic substances operational spills) to | (dependent on leading to decreased survival and fitness. avoid causes of sediment disturbance history stages. Reduced growth and
long-term (e.g., contributing Juveniles: Avoidance, mortality, increased (e.g., define and maintain vessel speed | fitness may affect adult spawning
reexposure of buried mechanism of stress. reduced growth’ and fitnesls tissue limits in sensitive areas). Ensure productivity.
Introduction of toxic substances contaminants) impact) bioacé:umulation increased diseas’e incidence procedures are in place to quickly
deper]den't on and reduced addi’tional stressor toleration | contain and clean up spills of toxic
contributing habitat avoidance, altered or delayed ' substances. Encourage the use of non-
mechanism of impact movement behavilor. Lingering physiological toxic, biodegradable lubricants in
effects may limit adult fitness. construction vessels.
Altered dissolved oxygen levels Dependent on contributing Temporary to short- Intermittent to Larvae; Larvae: Mortality due to asphyxiation in acute | Avoid sediment pulses. Limit nutrient | May cause direct mortality of larvae
mechanism of impact term (e.g., permanent Juveniles low microlayer dissolved oxygen events. inputs associated with discharges of and juveniles. May affect juvenile
contaminant spill or (dependent on Juveniles: Physiological responses to wastewater and gray water. Other survival, growth, and fitness.
discharge) to contributing rposure at toxic levels causing mortality or mechanism-specific measures as
seasonal (e.g., mechanism of injury leading to reduced fitness. Avoidance | aPPropriate.
reduced submerged | impact) behavior leading to increased competition,
aquatic vegetation predation exposure, and decreased foraging
productivity due to opportunity
changes in ambient '
light patterns)
dependent on
contributing
mechanism of impact
Altered pH levels Dependent on contributing Temporary to short- Intermittent to Larvae; Larvae and juveniles: Physiological responses | Limit nutrient inputs with wastewater Acute exposure may cause mortality at
mechanism of impact term (depending on interannual—decadal Juveniles to pH levels outside of optimal thresholds, and gray water holding and no direct all exposed life-history stages.

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.

waste discharge. Prevent in-water
curing of concrete and discharge of
concrete leachate to surface waters.

Juvenile and adult avoidance behavior
at subacute exposure levels.
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Table A-19 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pacific cod, hake, and Walleye Pollock.?

Sub-
activity
Type

Exposure
Life History
Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Use of creosote-treated | Leaching of polycyclic aromatic Leaching begins upon Long-term (with Continuous with Larvae; Larvae and juveniles: Physiological responses | Promote removal of creosote-treated May affect survival, growth, and
wood hydrocarbons (PAHs) installation, with highest decreasing seasonal pulses Juveniles to exposure at toxic levels causing mortality or | wood and prevent new usesin fitness and of larvae and juveniles.
levels after initial immersion, | concentration (associated with high injury leading to reduced fitness. accordance with pertinent regulations. | Reduced fitness may affect adult
followed by peaks during intensity over time) water temperature Bioaccumulation of contaminants at subacute | Avoid use of other treated wood spawning productivity.
periods of increased and current velocity) levels, resulting in chronic physiological products where practicable. Use
temperatures and stronger effects leading to reduced fitness and/or alternative materials such as concrete,
currents or tidal exchange. mortality. Lingering physiological effects galvanized steel, plastic lumber,
Spikes in concentration occur may limit adult fitness. recycled plastics, and plastic coatings
during removal due to where practicable. Where treated
leaching from freshly cut wood is necessary, use dense-grained
surfaces and dispersal of material to limit leaching. Use plastic
sawdust fragments with high or metal cuffs at abrasion points to
surface area. avoid fragmentation and release of
Use of ACZA- and Leaching of metals (Cu, As, Cr, Zn), | Leaching begins upon Intermediate-term Continuous with Larvae; Larvae and juveniles: Physiological responses treated wood particulates.
CCA type C-treated installation with highest levels seasonal pulses Juveniles to exposure at toxic levels causing mortality or | Removal: Complt_etely remove treated
Wood occurring within 7 months of (dependent on current injury leading to reduced fitness. wood where practicable, consistent
initial immersion. velocity) Bioaccumulation of contaminants at sub-acute | With WDNR Standard Practice
levels resulting in chronic physiological Memorandum. When piles are left in
effects leading to reduced fitness and/or place, cut off at least 2 ft below surface
mortality. Lingering physiological effects and cap with clean sediment. Contain
may limit adult fitness. and capture sawdust for disposal at
approved facility.
Increased stormwater Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Larvae; All exposed life-history stages: Combined Require facilities to employ modern May affect survival, growth, and
and nonpoint source contaminants, nutrients, altered and spring and summer high JdVeniles responses to altered pH, altered dissolved low-impact development and fitness of all exposed life-history
pollution dissolved oxygen, and increased boat-use periods oxygen levels, contaminant exposure, and stormwater treatment technology. stages. Reduced fitness may affect
suspended solids increased suspended solids. Include operational requirements for adult spawning productivity.
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
Riparian and
Shoreline Vegetation
Modification
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival and
increased summer temperatures, winter/summer during solar permanent temperature have a minor effect on nearshore riparian vegetation. Maintain system- | productivity. Currently a data gap.
decreased winter temperatures) radiation and ambient (dependent on nature water temperatures relative to the dominant appropriate riparian buffer widths to
temperature extremes) of riparian impacts) influence of marine tidal and current patterns, | the greatest extent possible.
wind conditions, and other factors. However,
juveniles trapped in habitats isolated by tidal
Altered ambient air exchange (e.g., pocket estuaries) may
temperature regime experience increased temperatures where
shade and buffer influence has been altered,
potentially leading to mortality or increased
thermal stress and decreased fitness.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival and

bluff stability

secondary effects on habitat
complexity (e.g., through change in
substrate composition, smothering of
aquatic vegetation)

stressor prominent during high
wave energy conditions)

long-term (dependent
on time required for
riparian recovery)

seasonal (dependent
on specific stressor)

availability and foraging opportunities,
leading to increased competition and resulting
effects on growth and fitness. Potential
habitat avoidance and/or injury and mortality
caused by excessive turbidity, as described for
related stressor responses under Water Quality
Modification.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

productivity.
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Table A-19 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pacific cod, hake, and Walleye Pollock.?

Sub- Exposure
activity Life History
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action

Altered allochthonous Reduced recruitment of terrestrially Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Pacific cod, hake and walleye Avoid/minimize disturbance of May affect juvenile, growth, and

inputs derived prey resources; reduced occurs during nearshore pollock dependence on autochthonous inputs riparian vegetation. Maintain system- | fitness.
aquatic food web productivity due to | rearing period in spring and from marine riparian vegetation is a data gap. | appropriate riparian buffer widths to
reduced organic matter inputs. summer) However, juvenile Pacific cod, hake, and the greatest extent possible.

walleye pollock are known to use shallow
vegetated habitats that could have marine
riparian autochthonous input. Decreased food
web productivity may result in reduced
foraging opportunities.

Altered habitat Reduced recruitment of large woody | Year-round (stressor exposure | Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival, growth,

complexity debris, affecting habitat structure, occurs during nearshore permanent availability and foraging opportunities, permanent alteration of high-quality and fitness.
hydraulic and substrate complexity, rearing period in spring and (dependent on nature leading to increased competition and resulting | habitat features.
and availability of organic substrate. summer) of activity) effects on growth and fitness.

Reduced food web productivity,
reduced foraging opportunity,
reduction in available cover.

Altered freshwater input | Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Pacific cod, hake, and walleye Avoid/minimize disturbance of Effects of action are unknown as
productivity; secondary effects on occurs during nearshore pollock dependence on groundwater inflow to | riparian vegetation. Maintain system- | receptor sensitivity to this stressor is
habitat complexity (e.g., through rearing period in spring and nearshore marine habitats is currently a data appropriate riparian buffer widths to currently a data gap.
alteration of aquatic vegetation) summer) gap. the greatest extent possible.

Agquatic Vegetation

Modification

Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile growth and fitness.

production in spring and summer when due to decreased food web productivity; offshore to limit grounding and prop

vegetation growth is most decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of

Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat aquatic vegetation to th? greatest May affect juvenile growth and fitness.

complexity reduced foraging opportunity, permanent availability and foraging opportunities, extent practicable. Design overwater
reduction in available cover, (dependent on nature leading to increased competition and predation struct(ljjres and_ nr;loorlng buoy%ln
reduction in available spawning of activity) exposure, resulting in decreased survival, accordance wit USACE guidance to
habitat (freshwater) growth, and fitness. limit shading and anchor scour effects.

Construction: Avoid/minimize
disturbance of aquatic vegetation
during project construction.

Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, as well as
reduced ambient light from fine bubble
profusion.
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Table A-19 (continued).

HPA HCP Marinas Exposure and Response Matrix for Pacific cod, hake, and Walleye Pollock.?

Sub- Exposure
activity Life History
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Hydraulic and
Geomorphic
Modification
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Larvae; Larvae and juveniles: Wave energy, current Carefully evaluate project siting and May affect survival, growth, and
habitat suitability, reduced food web | exposure occuring when Juveniles velocity, sediment supply, substrate design and consider the magnitude of fitness at larval and juvenile life-
complexity, habitat availability and juveniles occupy nearshore composition, and groundwater inputs are core | impact mechanisms produced by the history stages.
suitability habitats for rearing) ecosystem processes and characteristics that project. Encourage selection of project
Altered current Year-round (with variable Permanent Intermittent compose the nearshore ecosystem. Alteration des?gns that minimize effects on
velocities effects depending on site- in one or more of these parameters can sediment supply, longshore drift
specific current dynamics and fundar_nentally alte( marme‘lltt(_)ral habitats, patterns, and wave ene.rgy and current
project configuration) potentlally_decreasmg the likelihood of larval patterns. For example:
- settlement in nearshore areas favorable for e Permeable breakwaters that
Altered nearshore Year-round (with seasonally Permanent Seasonal rearing, as well as the overall suitability of maintain lonashore drift patterns
circulation patterns variable effects depending on juvenile rearing habitat. This may occur 9 ) ) P )
site-specific geography and through a number of specific stressors, e Suggest alternative designs for
bathymetry, and project including increased exertion and stress due to projects that fragment sources of
configuration) change in current and wave energy patterns, sediment recruitment and
Altered sediment supply Year-round (beginning with Permanent Continuous !ncrea_sed predation exposure due to reduction groundwater supply.
project installation and in available cover or exposure to deep water e Require beach nourisment to
becoming more pronounced habitat, food web alterations and decreased maintain substrate and beach
over time) foraging opportunity, and increased profile characteristics where
— - - competition for suitable habitats. The impacts are unavoidable.
Altered substrate Year-round (beginning with Permanent Continuous combined effect of these stressors can result in
composition project installation and decreased growth, decreased fitness, and direct
becoming more pronounced mortality.
over time [e.g., due to
accumulation of shell-hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater Year-round Permanent Continuous
inputs
Altered current Year-round (with effects more | Permanent Common
velocities predominant in reservoirs
versus natural lakes)
Altered nearshore Year-round (with variable Permanent Seasonal
circulation patterns effects by season [e.g.,
circulation patterns])
Altered groundwater Year-round Permanent Continuous
Inputs
Altered sediment supply Year-round Permanent Continuous
Altered substrate Year-round Permanent Continuous
composition

% For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a

high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina.
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Table A-20. HPA HCP Marinas Exposure and Response Matrix for Group 20—Rockfish Species.?

Sub-
Activity

Type Mechanism of Impact

Exposure

Stressor

Duration

Frequency

Marinas and Shipping/Ferry Terminals

Construction and
Maintenance Activities

Life History
Form

Response to Stressor

Minimization Measures

Resulting Effects of the Action

resuspension of contaminated
sediments

due to short-term reduction in prey
availability. Decreased growth and fitness.
Adults : See responses described for related
stressors under Water Quality Modification.

Pile driving Increased underwater noise levels During project construction Temporary (auditory Interannual to Juveniles; Juveniles and adults: Stressor response Avoid pile-driving noise in excess of Activity may cause direct mortality or
and maintenance activities masking) to short-term decadal (during Adults dependent on noise magnitude and project- impact thresholds established by injury affecting juvenile and adult
(hearing threshold effects) | project construction specific environmental conditions; may range | NOAA Fisheries and USFWS in survival, depending on project-specific
and maintenance) from: habitats used by these species. Limit noise intensity and receptor exposure.
. . ; ; pile driving to in-water work windows.
(I;::s;g;]:Jir%i(t)irnzetromsir;t\e/?\t/;edltory tissue Use double-confined bubble curta.in to
reduce sound pressure, or work within
= Increased predation risk and decreased confined or dewatered work areas.
foraging success due to auditory masking | Encourage use of vibratory hammers
and/or temporary hearing threshold and wooden pilings where practicable.
effects that increase risk of predation
and/or decrease foraging efficiency due
to decreased ability to sense predators
and prey.
= Increased exertion due to behavioral
responses (e.g., startle and flight) and
habitat avoidance, leading to decreased
growth and fitness.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory Interannual to Juveniles; Juveniles and adults: Auditory masking or Avoid/minimize propeller cavitation to | May affect juvenile and adult survival
operation levels and maintenance activities masking) to short-term decadal (during Adults temporary hearing threshold effects may limit noise intensity. Promote use of due to avoidance behavior, decreased
(hearing threshold effects) | project construction increase risk of predation and/or decrease vessels equipped with foraging success, and increased
and maintenance) foraging efficiency due to decreased ability to | antinoise/antivibration technology predation risk. Actual effects are
sense predators and/or prey. However, where practicable. unknown as stressor sensitivity is a
rockfish sensitivity to this stressor is currently data gap.
a data gap.
Navigation/maintenance Alteration of bathymetry and During project construction Permanent Interannual-decadal Juveniles; Juveniles and adults: See responses described | Avoid fill or, if unavoidable, restore See effects for related stressors under
dredging substrate characteristics and maintenance activities Adults under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic
Modification. shoreline habitats. Modification.
Aguatic vegetation removal and During project construction Intermediate-term Interannual-decadal Juveniles; Juveniles and adults: See responses described | Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Adults under Aquatic Vegetation Modification. submerged aquatic vegetation to the Riparian and Aquatic Vegetation
greatest extent practicable through Modification.
project siting.
Entrainment of benthic organisms, During project construction Temporary to short-term Interannual-decadal Juveniles; Juveniles: Direct mortality or injury from Avoid turbidity effects background May cause direct mortality or injury to
increased suspended solids, and maintenance activities Adults entrainment. Decreased foraging opportunity | levels. juveniles. May affect juvenile growth

and fitness. See effects for related
stressors under Water Quality
Modification.

ab 0:\proj\y2007\07-03621-000\word processing\reports\white papers\marinas\appendix\apx-a\07-03621-000 apx-a matrix20-mar-rockfish.doc
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Table A-20 (continued).

HPA HCP Marinas Exposure and Response Matrix for Group 20 rockfish species.?

Sub- Exposure
Activity Life History
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Facility Operation/ Vessel
Activities
Benthic disturbance from Increased turbidity; disturbed Year-round (with intensity Permanent Common Juveniles; Juveniles: Potential for direct injury or Site facilities in deeper water to avoid Potential juvenile mortality or injury
grounding, anchoring, benthic area dependent on facility activity Adults mortality; disturbance and displacement from | suspension of sediments from prop from grounding and anchoring. Stress
and/or prop wash peaks) vessel grounding and anchoring leading to wash and grounding. Prevent or from disturbance and displacement
increased stress, as well as decreased growth discourage anchoring, and provide leading to decreased growth and
and fitness. alternatives such as mooring buoys fitness. See effects for related stressors
Adults and juveniles: Response to increased designed in accordance with USACE under Water Quality Modification and
turbidity exposure as described for related guidance. Hydraulic and Geomorphic
stressors under Water Quality Modification. Modification.
Response to benthic disturbance as described
for Hydraulic and Geomorphic Modification.
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Juveniles Adults and juveniles: See responses described | Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Adults under Riparian and Aquatic Vegetation suspension of sediments from prop Riparian and Aquatic Vegetation
summer growth periods, with Modification. wash and grounding. Prevent or Modification.
intensity dependent on discourage anchoring, and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and Exposure to altered pH, altered Year-round (with intensity Permanent Intermittent to Larvae; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under
operational discharges dissolved oxygen, and dependent on facility activity common Jufeniles altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) ' suspended solids exposure as described for discharge of ballast water where
related stressors under Water Adults related stressors Water Quality Modification. practicable.
Quality Modification
Introduction of non-native species Year-round (with intensity Permanent (once invasive | Common Larvae; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival at all life-history
dependent on facility activity species are established) introductions with Juveniles: interactions and food web organization; to ballast water management stages.
peaks) interannual to ' exposure to non-native pathogens. regulations. Provide for upland
decadal colonization | Adults discharge of ballast water where
events practicable.
Increased or altered Auditory masking and/or alteration | Year-round (with intensity Permanent Continuous to Juveniles; Juveniles and adults: Auditory masking or Enforce speed and acceleration limits; May affect survival due to avoidance
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults hearing threshold effects decrease ability to avoid cavitation. behavior, decreased foraging success,
peaks [stressor exposure sense predators and/or prey, increasing risk of and increased predation risk. Actual
occurring during nearshore predation and decreasing foraging efficiency. effects are uncertain as rockfish
rearing]) sensitivity to this stressor is a data gap.
Ambient light modification | Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles; Juveniles and adults: Rockfish sensitivity to Design facilities so majority of Effects of action are unknown as
and moored vessel hulls, creating sunset (stressor exposure Adults ambient light modification is currently a data structural and moorage shading occurs | rockfish sensitivity to this stressor is
light contrasts requiring visual and occurs during nearshore gap. offshore away from submerged aquatic | currently a data gap.
behavioral adaptation rearing) vegetation, movement corridors, and
foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles Juveniles: Attraction to lighted area, delaying | Reduce and shield facility and vessel May affect juvenile survival.
vessel lighting, creating light sunrise (stressor exposure or altering movement. Increased predation lighting to limit nighttime illumination
contrasts requiring visual and occurs during nearshore exposure is a data gap for rockfish. of the underwater environment.
behavioral adaptation. rearing)
Decreased light penetration due to Year-round, sunrise to sunset Permanent Continuous to Juveniles Enforce speed and acceleration limits; Direct effects uncertain as sensitivity
surface reflect_ance from fine (Wi_th inten_siFy dependent on intermittent Juveniles: Rockfish sensitivity to ambient avoid cavitation. to stressor exposure is a data gap. See
bubble profusion produced by prop | facility activity peaks [§tressor —Iight modification is currently a data gap. See effects for related stressors under
wash exposure occurring during impact mechanisms, stressors, and stressor Aquatic Vegetation Modification.
nearshore rearing]) responses under Aquatic Vegetation
Modification.
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Table A-20 (continued).

HPA HCP Marinas Exposure and Response Matrix for Group 20 rockfish species.?

Sub-
Activity
Type Mechanism of Impact
Water Quality
Modification

Exposure
Life History o ) )
Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Increased suspended solids Dependent on contributing Temporary to short-term Intermittent to Larvae; Larvae: Increased suspended solids in Ensure project design avoids and/or May affect survival, growth, and
mechanism of impact (dependent on interannual—decadal Juveniles microlayer habitat may lead to direct mortality | minimizes habitat alterations leading to | fitness at larval and juvenile life-
contributing mechanism (dependent on and decreased survival of larvae. increased suspended solids. Avoid history stages.
of impact) contrlbqtlng Juveniles: Responses vary depending on short-term turbidity effects above
mechanism of stressor m magnitude. Unavoidable extreme background levels to greatest extent
impact) turbidity may cause physical injury and/or practicable. Adhere to established
physiological effects (e.g., gill trauma, altered frog%:_?ls for managing sediment and
osmoregulation, blood chemistry changes). urbidity.
Moderate to high turbidity may cause
behavioral alteration (e.g., avoidance
responses) leading to increased territoriality,
reduced foraging opportunity, increased
predation exposure, and altered movement
behavior.
Resuspension of contaminated Dependent on contributing Temporary to short-term Intermittent to Larvae; Larvae: Decreased survival; increased Identify and demarcate all areas with May reduce growth and fitness and
sediments, resulting in exposure to | mechanism of impact (e.g., operational spills) to | interannual-decadal Juveniles incidence of developmental abnormalities contaminated sediments, manage and affect survival at larvae and juvenile
toxic substances long-term (e.g., (dependent on leading to decreased survival and fitness. avoid causes of sediment disturbance life-history stages.
reexposure of buried contributing Juveniles: Avoidance, mortality, increased (e.g., define and maintain vessel speed
contaminants) dependent mechanism of stress. rec reduced growth’ and fitnes‘s tissue limits in sensitive areas). Ensure
Introduction of toxic substances on contributing impact) bioacé:umulation increased diseas’e incidence procedures are in place to quickly
mechanism of impact reduced additional stressor toleration, habitat contain and clean up spills of toxic
avoidance, altered or delayed movement sub_stang:es. Encourage the use .Of non-
behavior. toxic, blo_degradable lubricants in
construction vessels.
Altered dissolved oxygen levels Dependent on contributing Temporary to short-term Intermittent to Larvae; Larvae and juveniles: Mortality due to Avoid sediment pulses. Limit nutrient | May affect larval survival. May affect
mechanism of impact (e.g., contaminant spill or | permanent Juveniles asphyxiation in acute low microlayer inputs associated with discharges of juvenile survival. May cause
discharge) (dependent on dissolved oxygen events. wastewater and gray water. Other temporary avoidance behavior.
contributing Juveniles: Avoidance behavior or mechanism-specific measures as
mechamism of asphyxiation during acute events. appropriate.
impact)
Altered pH levels Dependent on contributing Temporary to short-term Intermittent to Larvae; Larvae, juveniles, and adults: Physiological Limit nutrient inputs with wastewater Acute exposure may cause mortality at
mechanism of impact (depending on interannual—decadal Juveniles: responses to pH levels outside of optimal and gray water holding and no direct all exposed life-history stages.
contributing mechanism (dependent on ' thresholds, causing mortality or injury leading | waste discharge. Prevent in-water Juvenile and adult avoidance behavior
Adults to reduced fitness.

of impact)

contributing
mechanism of
impact)

Adults and juveniles: Avoidance behavior at
subacute exposure levels.

curing of concrete and discharge of
concrete leachate to surface waters.

at subacute exposure levels.
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Table A-20 (continued).

HPA HCP Marinas Exposure and Response Matrix for Group 20 rockfish species.?

Sub- Exposure
Activity Life History
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Use of creosote-treated Leaching of polycyclic aromatic Leaching begins upon Long-term (with Continuous with Larvae; All exposed life-history stages: Physiological | Promote removal of creosote-treated May affect growth, fitness, and
wood hydrocarbons (PAHS) installation, with highest decreasing concentration | seasonal pulses Juveniles: responses to exposure at toxic levels causing | wood and prevent new usesin survival of larvae, juveniles, and
levels after initial immersion, | intensity over time) (associated with high ' mortality or injury leading to reduced fitness. | accordance with pertinent regulations. | adults.
followed by peaks during water temperature Adults Bioaccumulation of contaminants at subacute | Avoid use of other treated wood
periods of increased and current velocity) levels, resulting in chronic physiological products where practicable. Use
temperatures and higher flows. effects leading to reduced fitness and/or alternative materials such as concrete,
Spikes in concentration occur mortality. galvanized steel, plastic lumber,
during removal due to recycled plastics, and plastic coatings
leaching from freshly cut where practicable. Where treated
surfaces and dispersal of wood is necessary, use dense-grained
sawdust fragments with high material to limit leaching. Use plastic
surface area. or metal cuffs at abrasion points to
Use of ACZA- and CCA Leaching of metals (Cu, As, Cr, Leaching begins upon Intermediate-term Continuous with Larvae; All exposed life-history stages: Physiological ?thd J ragmde ntattlp n Ia ?d release of
type C-treated Zn), installation with highest levels seasonal pulses Juveniles; responses to exposure at toxic levels causing reated wood particulates.
Wood occurring within 7 months of (dependent on current | Adults mortality or injury leading to reduced fitness. | Removal: Completely remove treated
initial immersion. velocity) Bioaccumulation of contaminants at sub-acute | Wood where practicable, consistent
levels resulting in chronic physiological with WDNR Standard Practice
effects leading to reduced fitness and/or Memorandum. When piles are left in
mortality. place, cut off at least 2 ft below surface
and cap with clean sediment. Contain
and capture sawdust for disposal at
approved facility.
Increased stormwater and Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent Larvae; All life-history stages: Combined responses to | Require facilities to employ modern May affect survival, growth, and
nonpoint source pollution contaminants, nutrients, altered and spring and summer high Juveniles: altered pH, altered dissolved oxygen levels, low-impact development and fitness of all exposed life-history
dissolved oxygen, and increased boat-use periods ' contaminant exposure, and increased stormwater treatment technology. stages.
suspended solids Adults suspended solids. Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
Riparian and Shoreline
Vegetation Modification
Altered riparian shading Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to permanent Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival.
increased summer temperatures, winter/summer during solar (dependent on nature of temperature have a minor effect on nearshore riparian vegetation. Maintain system- | Currently a data gap.
decreased winter temperatures) radiation and ambient riparian impacts) water temperatures relative to the dominant appropriate riparian buffer widths to
temperature extremes) influence of marine tidal and current patterns, | the greatest extent possible.
wind conditions, and other factors. However,
juveniles trapped in habitats isolated by tidal
Altered ambient air exchange (e.g., pocket estuaries) may
temperature regime experience increased temperatures where
shade and buffer influence has been altered,
potentially leading to mortality or increased
thermal stress and decreased fitness.
Altered shoreline and bluff | Increased suspended solids; Year-round (with primary Intermediate-term to long- | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival.

stability

secondary effects on habitat
complexity (e.g., through change in
substrate composition, smothering
of aquatic vegetation)

stressor prominent during high
wave energy conditions)

term (dependent on time
required for riparian
recovery)

seasonal (dependent
on specific stressor)

availability and foraging opportunities,
leading to increased competition and resulting
effects on growth and fitness. Potential
habitat avoidance and/or injury and mortality
caused by excessive turbidity, as described for
related stressor responses under Water Quality
Modification.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

Currently a data gap.
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Table A-20 (continued).

HPA HCP Marinas Exposure and Response Matrix for Group 20 rockfish species.?

Sub- Exposure
Activity Life History
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Altered allochthonous Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Rockfish dependence on Avoid/minimize disturbance of May affect juvenile growth and
inputs productivity due to reduced organic | occurs during nearshore allochthonous inputs from marine riparian riparian vegetation. Maintain system- | fitness.
matter inputs rearing period) vegetation is a data gap. However, juvenile appropriate riparian buffer widths to
rockfish are known to use shallow vegetated the greatest extent possible.
habitats and pocket estuaries which contain
food sources that depend on marine riparian
autochthonous input. Decreased food web
productivity may result in reduced foraging
opportunities.
Altered habitat complexity | Reduced recruitment of large Year-round (stressor exposure | Short-term to permanent Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival, growth,
woody debris, affecting habitat occurs during nearshore (dependent on nature of availability and foraging opportunities, permanent alteration of high-quality and fitness.
structure, hydraulic and substrate rearing period in spring and activity) leading to increased competition and resulting | habitat features.
complexity, and availability of summer) effects on growth and fitness.
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover.
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous Juveniles Juveniles: Rockfish dependence on Avoid/minimize disturbance of Effects of the action resulting from
surface water exchange productivity; secondary effects on occurs during nearshore groundwater inflow to nearshore marine riparian vegetation. Maintain system- | this impact mechanism are unknown.
habitat complexity (e.g., through rearing period in spring and habitats is currently a data gap. appropriate riparian buffer widths to
alteration of aquatic vegetation) summer) the greatest extent possible.
Aquatic Vegetation
Modification
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Site majority of facility May affect juvenile growth and fitness.
production in spring and summer when due to decreased food web productivity; offshore to limit grounding and prop
vegetation growth is most decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
aquatic vegetation to the greatest
extent practicable. Design overwater
structures and mooring buoys in
accordance with USACE guidance to
limit shading and anchor scour effects.
Construction: Avoid/minimize
disturbance of aquatic vegetation
during project construction.
Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, as well as
reduced ambient light from fine bubble
profusion.
Altered habitat complexity | Reduced food web productivity, Year-round Short-term to permanent Continuous Juveniles; Juveniles: Decreased refuge habitat May affect juvenile survival. May
reduced foraging opportunity, (dependent on nature of Adults availability and foraging opportunities, affect adult growth and fitness.

reduction in available cover

activity)

leading to increased competition and predation
exposure resulting in decreased survival,
growth, and fitness.

Adults: Decreased refuge habitat availability.
Decreased foraging opportunity due to
decreased food web productivity. Decreased
growth and reproductive fitness.
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Table A-20 (continued).

HPA HCP Marinas Exposure and Response Matrix for Group 20 rockfish species.?

Sub- Exposure
Activity _ Life History o _ _
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Hydraulic and
Geomorphic Modification
Marine
Altered wave energy Change in habitat structure and Year-round (with stressor Permanent Continuous Larvae; Larvae and juveniles: Wave energy, current Carefully evaluate project siting and May affect survival, growth, and
habitat suitability, reduced food exposure occurring when Juveniles velocity, sediment supply, substrate design and consider the magnitude of fitness at larval and juvenile life-
web complexity, habitat availability | juveniles occupy nearshore composition, and groundwater inputs are core | impact mechanisms produced by the history stages.
and suitability habitats for rearing) ecosystem processes and characteristics that project. Encourage selection of project
Altered current velocities Year-round (with variable Permanent Intermittent compose the nggPshore ecosystem. Alteration des!gns that minimize effects on
- - in one or more of these parameters can sediment supply, longshore drift
effects depending on site- A ]
e - fundamentally alter marine littoral habitats, patterns, and wave energy and current
specific current dynamics and . - o i
: - . potentially decreasing the likelihood of larval patterns. For example:
project configuration) / -
rockfish settlement in nearshore areas e Permeable breakwaters that
Altered nearshore Year-round (with seasonally Permanent Seasonal favorable for rearing, as well as the overall maintain lonashore drift patterns
circulation patterns variable effects depending on suitability of rearing habitat. This may occur g . . P '
site-specific geography and through a number of specific stressors, . Sug_gest alternative designs for
bathymetry, and project including increased exertion and stress due to projects that fragment sources of
configuration) change in current and wave energy patterns, sedlmgnt recrunmfnt and
Altered sediment supply Year-round (beginning with Permanent Continuous increased predation exposure due to reduction groun Wwater supp Y-
project installation and in available cover or exposure to deep water s Require beach nourishment to
becoming more pronounced habitat, food web alterations and decreased maintain substrate and beach
over time) foraging opportunity, and increased profile characteristics where
— - - competition for suitable habitats. The impacts are unavoidable.
Altered substrate Year-round (beginning with Permanent Continuous combined effect of these stressors can result in
composition project installation and decreased growth, decreased fitness, and direct
becoming more pronounced mortality.
over time [e.g., due to
accumulation of shell-hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater inputs Year-round Permanent Continuous
Altered current velocities Year-round Permanent Common
Altered nearshore Year-round (with variable Permanent Seasonal
circulation patterns effects by season [e.g.,
circulation patterns])
Altered groundwater inputs Year-round Permanent Continuous
Altered sediment supply Year-round Permanent Continuous
Altered substrate Year-round Permanent Continuous
composition

# For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina.
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Table A-21. HPA HCP Marinas Exposure and Response Matrix for Olympia Oyster.?

Sub- Exposure
activity b Resulting Effects of the
Type Mechanism of Impact Stressor Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marinas and Shipping/Ferry Terminals
Construction and
Maintenance Activities
Pile driving Increased underwater noise levels During project construction Temporary Interannual-decadal Veliger larvae; All life-history stages: Effect of piling driving | Effect of increased underwater noise Effect of increased underwater noise
and maintenance activities Juveniles: sound is a data gap. level on Olympic oyster is a data gap. level on Olympic oyster is a data gap.
Adults
Construction vessel Increased or altered ambient noise During project construction Temporary Interannual-decadal Veliger larvae; All life-history stages: Effect of Effect of increased ambient noise level | Effect of increased ambient noise level
operation levels and maintenance activities Juveniles anthropogenic sound is a data gap. on Olympic oyster is a data gap. on Olympic oyster is a data gap.
Adults
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual—-decadal Veliger larvae All life-history stages: See responses Avoid fill or, if unavoidable, restore See effects for related stressors under
dredging substrate characteristics and maintenance activities Juveniles: described under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic
' Modification. shoreline habitats. Modification.
Adults
Aquatic vegetation removal and During project construction Intermediate-term Interannual-decadal Veliger larvae; All life-history stages: See responses Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Juveniles: described under Aquatic Vegetation submerged aquatic vegetation to the Riparian and Aquatic VVegetation
' Modification. greatest extent practicable through Modification.
Adults project siting.
Entrainment of benthic organisms, During project construction Temporary to short- Interannual-decadal Veliger larvae; All life-history stages: Mortality from Avoid turbidity effects above May affect veliger larvae productivity
increased suspended solids, and maintenance activities term Juvéhiles: entrainment. Decreased growth and fitness. background levels. and fitness. See effects for related
resuspension of contaminated ’ See responses described for related stressors stressors under Water Quality
sediments Adults; under Water Quality Modification. Modification.
Facility Operation/
Vessel Activities
Benthic disturbance Increased turbidity, disturbed Year-round (with intensity Permanent Common Veliger larvae; All life-history stages: Response to increased | Site facilities in deeper water to avoid See effects for related stressors under
from grounding, benthic area dependent on facility activity Juveniles: turbidity exposure as described for related suspension of sediments from prop Water Quality Modification and
anchoring, and/or prop peaks) ' stressors under Water Quality Modification. wash and grounding. Prevent or Hydraulic and Geomorphic
wash Adults; Response to benthic disturbance as described discourage anchoring, and provide Modification.
above for Hydraulic and Geomorphic alternatives such as mooring buoys
Modification. designed in accordance with USACE
guidance.
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Juveniles; Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Adults Aquatic Vegetation Modification. suspension of sediments from prop Riparian and Aquatic VVegetation
summer growth periods, with wash and grounding. Prevent or Modification.
intensity dependent on discourage anchoring, and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year-round (with intensity Permanent Intermittent to Veliger larvae; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under
operational discharges dissolved oxygen, and dependent on facility activity common Juveniles: altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) ' suspended solid exposure as described for discharge of ballast water where
related stressors under Water Adults related stressors Water Quality Modification. practicable.
Quality Modification
Introduction of non-native species Year-round (with intensity Permanent (once Common Veliger larvae; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival, growth, and
dependent on facility activity invasive species are introductions with Juveniles: interactions and food web organization; to ballast water management fitness at all life-history stages.
peaks) established) interannual to ' exposure to non-native pathogens. regulations. Provide for upland
decadal colonization | Adults discharge of ballast water where
events practicable.
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Table A-21 (continued). HPA HCP Marinas Exposure and Response Matrix for Olympia Oyster.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

When Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Water Quality
Modification

Increased suspended solids

Dependent on contributing
mechanism of impact

Temporary to short-
term (dependent on
contributing
mechanism of
impact)

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Veliger larvae;
Juveniles;
Adults

All life-history stages: Responses vary
depending on stressor magnitude.
Unavoidable extreme turbidity may cause
mortality.

Ensure project design avoids and/or
minimizes habitat alterations leading to
chronic bank instability. Avoid short-
term turbidity effects above
background levels to greatest extent
practicable. Adhere to established
protocols for managing sediment and
turbidity.

May affect survival of incubating
larvae and juveniles. May affect
juvenile productivity and adult
productivity.

Resuspension of contaminated
sediments, resulting in exposure to
toxic substances

Introduction of toxic substances

Dependent on contributing
mechanism of impact

Temporary to short-
term (e.g.,
operational spills) to
long-term (e.g.,
reexposure of buried
contaminants),
dependent on
contributing
mechanism of impact

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Veliger larvae;
Juveniles;
Adults

Veliger larvae: Decreased survival; increased
incidence of developmental abnormalities,
leading to decreased survival and fitness.

Juveniles and adults: Mortality, increased
stress, reduced growth and fitness, tissue
bioaccumulation, increased disease incidence,
and reduced additional stressor toleration.

Identify and demarcate all areas with
contaminated sediments, manage and
avoid causes of sediment disturbance
(e.g., define and maintain vessel speed
limits in sensitive areas). Ensure
procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of non-
toxic, biodegradable lubricants in
construction vessels.

May affect survival, growth, and
fitness at egg, larvae, and juvenile life-
history stages. Reduced growth and
fitness may affect adult spawning
productivity.

Altered dissolved oxygen levels

Dependent on contributing
mechanism of impact

Temporary to short-
term (e.g.,
contaminant spill or
discharge) to
seasonal (e.g.,
reduced submerged
aquatic vegetation
productivity due to
changes in ambient
light patterns),
dependent on
contributing
mechanism of impact

Intermittent to
permanent
(dependent on
contributing
mechanism of
impact)

Veliger larvae;
Juveniles;
Adults

All life-history stages: Olympia oyster
dissolved oxygen effect thresholds are
currently a data gap. Sensitivity to dissolved
oxygen levels appears to be low, however.

Avoid sediment pulses. Limit nutrient
inputs associated with discharges of
wastewater and gray water. Other
mechanism-specific measures as
appropriate.

May affect survival of incubating
larvae, juveniles, and adults. May
affect juvenile and adult survival,
growth, and fitness, including adult
spawning success. Actual effects are
unknown, as sensitivity to this stressor
and effects thresholds are currently
data gaps.

Altered pH levels

Dependent on contributing
mechanism of impact

Temporary to short-
term (dependent on
contributing
mechanism of
impact)

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Veliger larvae;
Juveniles;
Adults

All life-history stages: Olympia oyster pH
effect thresholds are currently a data gap.
Sensitivity to pH levels appears to be low,
however.

Avoid sediment pulses. Limit nutrient
inputs with wastewater and gray water
holding and no direct waste discharge.

May affect survival, growth, and
fitness of larvae, juveniles, and adults.
Actual effects are unknown, as
sensitivity to this stressor and effects
thresholds are currently data gaps.
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Table A-21 (continued). HPA HCP Marinas Exposure and Response Matrix for Olympia Oyster.?

Sub-
activity

Type Mechanism of Impact

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Use of creosote-treated
wood

Leaching of polycyclic aromatic
hydrocarbons (PAHS)

Leaching begins upon
installation, with highest
levels after initial immersion,
followed by peaks during
periods of increased
temperatures and higher flows.
Spikes in concentration occur
during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.

Long-term (with
decreasing
concentration
intensity over time)

Continuous with
seasonal pulses
(associated with high
water temperature
and current velocity)

Veliger larvae;
Juveniles;
Adults

All life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Use of ACZA- and CCA
type C-treated wood

Leaching of metals (Cu, As, Cr, Zn)

Leaching begins upon
installation, with highest
levels occurring within 7
months of initial immersion

Intermediate-term

Continuous with
seasonal pulses
(dependent on current
velocity)

Veliger larvae;
Juveniles;
Adults

All life-history stages: Physiological
responses to exposure at toxic levels, causing
mortality or injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.

Promote removal of creosote-treated
wood and prevent new uses in
accordance with pertinent regulations.
Avoid use of other treated wood
products where practicable. Use
alternative materials such as concrete,
galvanized steel, plastic lumber,
recycled plastics, and plastic coatings
where practicable. Where treated wood
is necessary, use dense-grained
material to limit leaching. Use plastic
or metal cuffs at abrasion points to
avoid fragmentation and release of
treated wood particulates.

Removal: Completely remove treated
wood where practicable, consistent
with WDNR Standard Practice
Memorandum. When piles are left in
place, cut off at least 2 ft below surface
and cap with clean sediment. Contain
and capture sawdust for disposal at
approved facility.

May affect survival, growth, and
fitness of larvae, juveniles, and adults.

Increased stormwater
and nonpoint source

Combined effects of altered pH,
contaminants, nutrients, altered

Fall and winter rain events,
and spring and summer high

Permanent

Intermittent

Veliger larvae;

All life-history stages: Combined responses to
altered pH, altered dissolved oxygen levels,

Require facilities to employ modern
low-impact development and

Actual effects of specific stressors on
this species are currently a data gap;

aquatic food web productivity due
to reduced organic matter inputs

autochthonous inputs from marine riparian
vegetation is a data gap.

appropriate riparian buffer widths to
the greatest extent possible.

pollution dissolved oxygen levels, and boat-use periods y e contaminant exposure, and increased stormwater treatment technology. however, exposure to stormwater is
increased suspended solids Adults suspended solids are risks to growth, Include operational requirements for likely to cause decreased survival,
productivity, and survival of Olympia oysters. | capture and recycling of marina growth, and fitness at all life-history
Exposure to stormwater pollution has been washdown water. Avoid spillage and stages.
demonstrated to affect growth and fitness in overwater washdowns.
this species.
Riparian and Shoreline
Vegetation
Modification
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles; Juveniles and adults: Although, riparian shade | Avoid/minimize disturbance of May affect survival, growth, and
increased summer temperatures) summer during solar radiation | permanent Adults and ambient temperature have a minor effect riparian vegetation. Maintain system- | fitness of juvenile and adult oysters
and ambient temperature (dependent on nature on nearshore water temperatures relative to the | appropriate riparian buffer widths to (effects may be beneficial).
extremes) of riparian impacts) dominant influence of marine tidal and current | the greatest extent possible.
patterns, wind conditions, and other factors,
Olympia oysters along the intertidal zone can
gain benefits from extreme cold or heat that
are known to cause mortality in other species.
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to Juveniles; Juveniles and adults: Burial can smother Avoid/minimize disturbance of May affect juvenile and adult survival.
bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent Adults Olympia oysters. Siltation is a known limiting | riparian vegetation. Maintain system-
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) factor causing injury or mortality. See appropriate riparian buffer widths to
substrate composition, smothering riparian recovery) turbidity effects described in Water Quality the greatest extent possible.
of aquatic vegetation) Modification.
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Juveniles; Juveniles and adults: Olympia oyster Avoid/minimize disturbance of Effects of this impact mechanism and
inputs derived prey resources; reduced Adults dependence on allochthonous and riparian vegetation. Maintain system- | related stressors are currently a data

gap.
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Table A-21 (continued). HPA HCP Marinas Exposure and Response Matrix for Olympia Oyster.?

Adults: Decreased feeding opportunity due to
decreased food web productivity. Decreased
growth and reproductive fitness.

limit shading and anchor scour effects.

Construction: Avoid/minimize
disturbance of aquatic vegetation
during project construction.

Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, as well as
reduced ambient light from fine bubble
profusion.

Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles and adults: Decreased food Encourage project designs that limit May affect juvenile survival, adult
complexity reduced feeding opportunity permanent Adults resources, leading to adverse effects on growth | permanent alteration of high-quality spawning success, and overall
(dependent on nature and fitness. habitat features. population productivity.
of activity)
Altered groundwater— Reduced aquatic food web Year-round Permanent Continuous Veliger larvae; All life history stages: Olympia oyster are Avoid disturbance of riparian Effects from this impact mechanism
surface water exchange productivity; secondary effects on Juveniles: known to prefer areas where freshwater vegetation. may also include protection from
habitat complexity (e.g., through ' seepage into the intertidal zone likely limits predators unable to tolerate low
alteration of aquatic vegetation) Adults extremes in temperature. salinity habitats.
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles; Juveniles and adults: Reduced feeding Design: Site majority of facility May affect juvenile and adult growth,
production in spring and summer when Adults opportunities due to decreased food web offshore to limit grounding and prop fitness, and survival.
vegetation growth is most productivity; decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased habitat availability and agrarﬂc \r/egt?tatl;?n tgth? %rea\‘/tefvtv ter May affect juvenile survival. May
complexity reduced feeding opportunity permanent Adults feeding opportunities, leading to increased et et prac <(:ja € ¢ est? overwate affect adult growth and spawning
(dependent on nature competition and predation exposure, resulting Zgggrg;ﬁi:n - tr;:(ij)g,g%Euoxsdg;ce to productivity.
of activity) in decreased survival, growth, and fitness. wi gui
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Table A-21 (continued). HPA HCP Marinas Exposure and Response Matrix for Olympia Oyster.?

Sub- Exposure
activity P Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Altered wave energy Change in habitat structure and Year-round Permanent Continuous Veliger larvae; All life-history stages: Wave energy, current Carefully evaluate project siting and May affect survival, growth, and
Altered current habitat sunab!llty, re(_juced fgod' ) Year-round (with variable Permanent Intermittent Juveniles; velocny_, §ed|ment supply, subs_trate Qe5|gn and cons'lder the magnitude of fitness at all life-history stages.
S web complexity, habitat availability : ] composition, and groundwater inputs are core | impact mechanisms produced by the
velocities I effects depending on site- Adult - . - ;
and suitability o : ults ecosystem processes and characteristics that project. Encourage selection of project
specific current dynamics and - . A
: - f compose the nearshore ecosystem. Alteration | designs that minimize effects on
project configuration) : - -
- in one or more of these parameters can sediment supply, longshore drift
Altered nearshore Year-round (with seasonally Permanent Seasonal fundamentally alter marine littoral habitats, patterns, and wave energy and current
circulation patterns variable effects depending on potentially decreasing the suitability of patterns. For example:
site-specific geography and settling and rearing habitat for Olympia
. . Permeable breakwaters that
bathymetry, and project oyster. This may occur through a number of * maintain longshore drift patterns
configuration) specific stressors, including food web s | e desians { '
Altered sediment supply Year-round (beginning with Permanent Continuous alterations and decreased prey resources, *  Suggest ahter? ative designs for f
ot i : introduced non-native species, and increased projects that fragment sources 0
project installation and i ; i i diment itment and
becoming more pronounced competition for suitable habitats. Alteration sediment recruitment an
- i i dwater supply.
over time) of circulation patterns may also affect spawn groun
— - - timing and the transport and settlement of ° Require beach nourishment to
Altered substrate Year-round (beginning with Permanent Continuous veliger larvae. The combined effect of these .
o s : g . ) maintain substrate and beach
composition project installation and stressors can result in decreased growth and profile characteristics where
becoming more pronounced productivity, decreased fitness for marine impacts are unavoidable.
over time [e.g., due to movement, and direct mortality.
accumulation of shell-hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater Year-round Permanent Continuous
inputs
Altered current Year-round Permanent Common
velocities
Altered nearshore Year-round (with variable Permanent Seasonal
circulation patterns effects by season [e.g.,
circulation patterns])
Altered groundwater Year-round Permanent Continuous
inputs
Altered sediment supply Year-round Permanent Continuous
Altered substrate Year-round Permanent Continuous
composition

% For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a

high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina.
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Table A-22.

HPA HCP Marinas Exposure and Response Matrix for Northern Abalone.?

Sub-
activity
Type

Mechanism of Impact

Exposure

Stressor

Marinas and Shipping/Ferry Terminals

Construction and
Maintenance Activities

Duration

Frequency

Life-history
Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Pile driving Increased underwater noise levels During project construction Temporary Interannual to Larvae; All life-history stages: Effect of piling driving | Effect of pile driving sound pressure Effect of pile driving sound pressure
and maintenance activities decadal (during Juveniles: sound on northern abalone is a data gap. on northern abalone is a data gap. on northern abalone is a data gap.
project construction Adults Therefore appropriate minimization
and maintenance) measures are unclear.
Construction vessel Increased or altered ambient noise During project construction Temporary Interannual to Juveniles; Juveniles and adults: Effect of anthropogenic | Effect of anthropogenic sound pressure | Effect of anthropogenic sound on
operation levels and maintenance activities decadal (during Adults sound on northern abalone is a data gap. on northern abalone is a data gap. northern abalone is a data gap.
project construction Therefore appropriate minimization
and maintenance) measures are unclear.
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual—-decadal Juveniles; Juveniles and adults: See responses described | Avoid fill or, if unavoidable, restore See effects for related stressors under
dredging substrate characteristics and maintenance activities Adults under Hydraulic and Geomorphic currently filled or degraded shallow Hydraulic and Geomorphic
Modification. shoreline habitats. Modification.
Aquatic vegetation removal and During project construction Intermediate-term Interannual—decadal Larvae; All life-history stages: See responses Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Juveniles: described under Aquatic Vegetation submerged aquatic vegetation to the Riparian and Aquatic Vegetation
Adults Modification. greatest extent practicable through Modification.
project siting.
Entrainment of benthic organisms, During project construction Temporary to short- Interannual—decadal Larvae; All life-history stages: Decreased foraging Avoid turbidity effects above May affect juvenile productivity and
increased suspended solids, and maintenance activities term Juveniles: opportunity due to short-term reduction in background levels. fitness. See effects for related
resuspension of contaminated Adults prey availability. Decreased growth and stressors under Water Quality
sediments fitness. Mortality due to entrainment. See Modification.
responses described for related stressors under
Water Quality Modification.
Facility Operation/
Vessel Activities
Benthic disturbance Increased turbidity, disturbed Year-round (with intensity Permanent Common Larvae; All life-history stages: Response to increased | Site facilities in deeper water to avoid See effects for related stressors under
from grounding, benthic area dependent on facility activity Juveniles: turbidity exposure as described for related suspension of sediments from prop Water Quality Modification and
anchoring, and/or prop peaks) Adults stressors under Water Quality Modification. wash and grounding. Prevent or Hydraulic and Geomorphic
wash Response to benthic disturbance as described discourage anchoring, and provide Modification.
for Hydraulic and Geomorphic Modification. alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to Juveniles Juveniles: See responses described under Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Aquatic Vegetation Modification. suspension of sediments from prop Riparian and Aquatic Vegetation
summer growth periods, with wash and grounding. Prevent or Modification.
intensity dependent on discourage anchoring, and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year-round (with intensity Permanent Intermittent to Larvae; All life-history stages: Combined responses Avoid and prohibit ballast water See effects for related stressors under
operational discharges dissolved oxygen, and dependent on facility activity common Juveniles; to altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) Adults suspended solid exposure as described for discharge of ballast water where
related stressors under Water related stressors Water Quality Modification. practicable.
Quality Modification
Introduction of non-native species Year round (with intensity Permanent (once Common Larvae; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival and productivity at
dependent on facility activity invasive species are introductions with Juveniles; interactions and food web organization; to ballast water management all life-history stages.
peaks) established) interannual to Adults exposure to invasive pathogens and species. regulations. Provide for upland

decadal colonization
events

discharge of ballast water where
practicable.
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Table A-22 (continued).

HPA HCP Marinas Exposure and Response Matrix for Northern abalone.?

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Increased or altered Auditory masking and/or alteration | Year-round, with intensity Permanent Continuous to Juveniles; Adults and juveniles: Sound thresholds and Enforce speed and acceleration limits, | Sound thresholds and effects are a data
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults effects are a data gap for Northern abalones. avoid cavitation. gap for northern abalone.
peaks
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Larvae Larvae: Behavioral effect of ambient light Design facilities so majority of Behavioral effect of ambient light
modification and moored vessel hulls, creating sunset changes is a data gap for the northern abalone. | structural and moorage shading occurs | changes is a data gap for the northern
light contrasts requiring visual and offshore away from submerged aquatic | abalone.
behavioral adaptation vegetation, movement corridors, and
foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Larvae Larvae: Behavioral effect of ambient light Reduce and shield facility and vessel Behavioral effect of ambient light
vessel lighting, creating light sunrise changes is a data gap for the northern abalone. | lighting to limit nighttime illumination | changes is a data gap for the northern
contrasts requiring visual and of the underwater environment. abalone.
behavioral adaptation
Decreased light penetration due to Year-round, sunrise to sunset Permanent Continuous to Juveniles; Juveniles and adults: See impact mechanisms, | Enforce speed and acceleration limits; Behavioral effect of ambient light
surface reflectance from fine (with intensity dependent on intermittent Adults stressors, and stressor responses under avoid cavitation. changes is a data gap for the northern
bubble profusion produced by prop | facility activity peaks) Aquatic Vegetation Modification. abalone.
wash
Water Quality
Modification
Increased suspended solids Dependent on contributing Temporary to short- Intermittent to Larvae; All life-history stages: Responses vary Ensure project design avoids and/or May affect survival and productivity
mechanism of impact term (dependent on interannual—decadal Juveniles; depending on stressor magnitude. minimizes habitat alterations leading of all life-history stages.
contributing (dependent on Adults Unavoidable extreme turbidity may cause to chronic bank instability. Avoid
mechanism of contributing mortality or hinder feeding. short-term turbidity effects above
impact) mechanism of background levels to greatest extent
impact) practicable. Adhere to established
protocols for managing sediment and
turbidity.
Resuspension of contaminated Dependent on contributing Temporary to short- Intermittent to Larvae; Larvae: Decreased survival; increased Identify and demarcate all areas with May affect survival and productivity
sediments, resulting in exposure to | mechanism of impact term (e.g., interannual-decadal Juveniles; incidence of developmental abnormalities contaminated sediments, manage and of all life-history stages. May also
toxic substances operational spills) to | (dependent on Adults leading to decreased survival and fitness. avoid causes of sediment disturbance affect adult spawning productivity.
long-term (e.g., contributing Juveniles and adults: Mortality, increased (e.g., define and maintain vessel speed
reexposure of buried | mechanism of stress, reduced growth and fitness, tissue limits in sensitive areas). Ensure
Introduction of toxic substances contaminants), impact) bioaccumulation, increased disease incidence, | Procedures are in place to quickly
dependent on and reduced additional stressor toleration. contain and clean up spills of toxic
contributing substances. Encourage the use of non-
mechanism of impact toxic, biodegradable lubricants in
construction vessels.
Altered dissolved oxygen levels Dependent on contributing Temporary to short- Intermittent to Larvae; All life-history stages: Mortality in acute low | Avoid sediment pulses. Limit nutrient | May affect survival of all life-history
mechanism of impact term (e.g., permanent Juveniles; dissolved oxygen events due to asphyxiation. inputs associated with discharges of stages.
contaminant spillor | (dependent on Adults Juveniles and adults: Physiological responses | Wastewater and gray water. Other
discharge) to contributing to exposure at toxic levels causing mortality mechanism-specific measures as
seasonal (e.g., mechanism of or injury leading to reduced fitness. appropriate.
reduced submerged impact) Bioaccumulation of contaminants at subacute
aquatic vegetation levels, resulting in chronic physiological
productivity due to effects leading to reduced fitness and/or
changes in ambient mortality.
light patterns),
dependent on
contributing
mechanism of impact
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Table A-22 (continued).

HPA HCP Marinas Exposure and Response Matrix for Northern abalone.?

complexity (e.g., through change in
substrate composition, smothering
of aquatic vegetation)

wave energy conditions)

on time required for
riparian recovery)

on specific stressor)

debris were to enter Puget Sound waters.
Siltation is a known limiting factor causing
injury or mortality. See turbidity effects
described under Water Quality Modification.

appropriate riparian buffer widths to
the greatest extent possible.

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Altered pH levels Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles and adults: Physiological responses | Avoid sediment pulses. Limit nutrient | May affect survival and productivity
mechanism of impact term (dependent on interannual—-decadal Adults to pH levels outside of optimal thresholds, inputs with wastewater and gray water | of larvae, juveniles, and adults.
contributing (dependent on causing mortality or injury leading to reduced | holding and no direct waste discharge.
mechanism of contributing fitness.
impact) mechanism of
impact)
Use of creosote-treated Leaching of polycyclic aromatic Leaching begins upon Long-term (with Continuous with Larvae; All exposed life history stages: Physiological | Promote removal of creosote-treated May affect survival and productivity
wood hydrocarbons (PAHSs) installation, with highest decreasing seasonal pulses Juveniles responses to exposure at toxic levels, causing wood and prevent new uses in of larvae, and juveniles.
levels after initial immersion, concentration (associated with high mortality or injury leading to reduced fitness. accordance with pertinent regulations.
followed by peaks during intensity over time) water temperature Bioaccumulation of contaminants at subacute | Avoid use of other treated wood
periods of increased and current velocity) levels, resulting in chronic physiological products where practicable. Use
temperatures and higher effects leading to reduced fitness and/or alternative materials such as concrete,
flows. Spikes in mortality. galvanized steel, plastic lumber,
concentration occur during recycled plastics, and plastic coatings
removal due to leaching from where practicable. Where treated
freshly cut surfaces and wood is necessary, use dense-grained
dispersal of sawdust material to limit leaching. Use plastic
fragments with high surface or metal cuffs at abrasion points to
area. avoid fragmentation and release of
Use of ACZA- and CCA | Leaching of metals (Cu, As, Cr, Leaching begins upon Intermediate-term Continuous with Larvae; Juveniles and Adults: Physiological responses reated wood particulates.
type C-treated Wood Zn), installation with highest levels seasonal pulses Juveniles: to exposure at toxic levels causing mortality | Removal: Completely remove treated
occurring within 7 months of (dependent on Adults or injury leading to reduced fitness. wood where practicable, consistent
initial immersion. current velocity) Bioaccumulation of contaminants at sub-acute | With WDNR Standard Practice
levels resulting in chronic physiological Memorandum. When piles are left in
effects leading to reduced fitness and/or place, cut off at least 2 ft below
mortality. surface and cap with clean sediment.
Contain and capture sawdust for
disposal at approved facility.
Increased stormwater Combined effects of contaminants, | Fall and winter rain events, Permanent Intermittent Larvae; All life-history stages: Combined responses Require facilities to employ modern May affect survival and productivity at
and nonpoint source nutrients, altered pH levels, altered | and spring and summer high Juveniles; to altered pH, altered dissolved oxygen levels, | low-impact development and all life-history stages.
pollution dissolved oxygen levels, and boat-use periods Adults contaminant exposure, and increased stormwater treatment technology.
increased suspended solids suspended solids are risks to growth, Include operational requirements for
productivity, and survival of northern abalone. | capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
Riparian and Shoreline
Vegetation
Modification
Marine
Altered riparian shading | Expansion of thermal regime (i.e., N/A N/A N/A N/A N/A N/A N/A
increased summer temperatures,
decreased winter temperatures)
Altered ambient air
temperature regime
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to Juveniles; Juveniles and adults: Burial can smother Avoid/minimize disturbance of May affect juvenile and adult survival.
bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent Adults northern abalones if large pulses of landslide riparian vegetation. Maintain system-
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Table A-22 (continued).

HPA HCP Marinas Exposure and Response Matrix for Northern abalone.?

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Altered allochthonous Reduced recruitment of terrestrially | N/A N/A N/A N/A N/A N/A N/A
inputs derived prey resources. Reduced
aquatic food web productivity due
to reduced organic matter inputs.
Altered habitat Reduced recruitment of large N/A N/A N/A N/A N/A N/A N/A
complexity woody debris, affecting habitat
structure, hydraulic and substrate
complexity, and availability of
organic substrate. Reduced food
web productivity, reduced foraging
opportunity, reduction in available
cover.
Altered groundwater— Reduced aquatic food web N/A N/A N/A N/A N/A N/A N/A
surface water exchange productivity; secondary effects on
habitat complexity (e.g., through
alteration of aquatic vegetation)
Aquatic Vegetation
Modification
Marine Littoral
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles; Juveniles and adults: Northern abalone Design: Site majority of facility Effect from this impact mechanism is
production in spring and summer when Adults dependence on allochthonous and offshore to limit grounding and prop currently a data gap.
vegetation growth is most autochthonous inputs from marine aquatic wash effects. Limit project structural
extensive) vegetation is a data gap. Northern abalone are | footprint to minimize shading of
known to use intertidal and subtidal vegetation | aquatic vegetation to the greatest
and phytoplankton that could be a product of extent practicable. Design overwater
aquatic vegetation autochthonous input. structures and mooring buoys in
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge and rearing accordance with USACE guidance to | may affect juvenile growth, fitness,
complexity reduced foraging opportunity, permanent Adults habitat availability and food resource limit shading and anchor scour effects. | and survival. May affect adult growth
reduction in available cover (dependent on nature availability, leading to increased competition | Construction: Avoid/minimize and spawning productivity.
of activity) and predation exposure and resulting in disturbance of aquatic vegetation

decreased survival, growth, and fitness.
Adults: Decreased feeding opportunity due to
decreased food web productivity. Decreased
growth and reproductive fitness.

during project construction.

Operation: Enforce vessel operation
rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring, as well as
reduced ambient light from fine bubble
profusion.
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Table A-22 (continued).

HPA HCP Marinas Exposure and Response Matrix for Northern abalone.?

Sub- Exposure
activity Life-history Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Marine
Altered wave energy Change in habitat structure and Year-round Permanent Continuous Larvae; All life-history stages: Wave energy, current Carefully evaluate project siting and May affect survival at all life-history
habitat suitability, reduced food - ; . Juveniles: velocity, sediment supply, substrate design and consider the magnitude of stages.
celltg(r:?ﬂecsurrent web complexity,yhabitat availability Z;Z;;O(;Jenpder(]\g’i';g \é?]”;?;? Permanent Intermittent Adults composition, and groundwater inpgts_are core imp_act mechanisms produ_ced by tht_e
and suitability specific current dynamics and ecosystem processes and characteristics the_lt project. Encourage selection of project
: . . compose the nearshore ecosystem. Alteration | designs that minimize effects on
project configuration) in one or more of these parameters can sediment supply, longshore drift
Altered nearshore Year-round (with seasonally Permanent Seasonal fundamentally alter marine littoral habitats, patterns, and wave energy and current
circulation patterns variable effects depending on potentially decreasing the suitability of patterns. For example:
site-specific geography and settling and rearing habitat for northern e  Permeable breakwaters that
bathymetry, and project abalone. This may occur through a number of maintain longshore drift patterns.
configuration) specn‘l_c stressors, including food web e Suggest alternative designs for
Altered sediment supply Year-round (beginning with Permanent Continuous alterations and decreased prey resources, projects that fragment sources of
project installation and introduced non-native species, and increased sediment recruitment and
becoming more pronounced competition for suitable habltats. LOSS. Qf. . groundwater supply.
over time) marine macroalgae may increase the visibility «  Reauire beach nourisment o
of the northern abalone to predators. The quire
Altered substrate Year-round (beginning with Permanent Continuous combined effect of these stressors can result in maintain substrate and beach
composition project installation and decreased growth and productivity, decreased profile characteristics where
becoming more pronounced fitness for marine movement, and direct impacts are unavoidable.
over time [e.g., due to mortality.
accumulation of shell-hash,
sediment settling due to
altered wave and/or current
regime, routine grounding,
anchor trenching])
Altered groundwater Year-round Permanent Continuous
inputs
Altered current Year-round Permanent Common
velocities
Altered nearshore Year-round (with variable Permanent Seasonal
circulation patterns effects by season [e.g.,
circulation patterns])
Altered groundwater Year-round Permanent Continuous
inputs
Altered sediment supply Year-round Permanent Continuous
Altered substrate Year-round Permanent Continuous
composition

a

example, a high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina.
N/A Not applicable. Species is not exposed to stressors caused by this impact mechanism.

For purposes of this white paper, the two subactivity categories of marinas and shipping/ferry terminals have been combined in these exposure-response matrix analyses. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For
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Table A-23. HPA HCP Marinas Exposure and Response Matrix for Newcomb’s Littorine Snail.?
Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism

Marinas and Shipping/Ferry Terminals

Construction and
Maintenance Activities

Pile driving Increased underwater noise levels During project construction Temporary (auditory | Interannual to N/A
and maintenance activities masking) to short- decadal (during
term (hearing project construction
threshold effects) and maintenance)
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to N/A
operation levels and maintenance activities masking) to short- decadal (during
term (hearing project construction
threshold effects) and maintenance)
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual-decadal N/A
dredging substrate characteristics and maintenance activities
Aquatic vegetation removal and During project construction Intermediate-term Interannual-decadal N/A
delayed recovery and maintenance activities
Entrainment of benthic organisms, During project construction Temporary to short- Interannual-decadal N/A

increased suspended solids,
resuspension of contaminated
sediments

and maintenance activities

term

Habitats used by this species are restricted to a
narrow band of littorine and riparian terrestrial
vegetation; therefore, it is not exposed to
aquatic impacts from marina and terminal
construction.

N/A N/A
N/A N/A
N/A N/A
N/A N/A
N/A N/A
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penetration due to surface
reflectance from fine bubble
profusion produced by prop wash

sunset (with intensity
dependent on facility activity
peaks [stressor exposure
occurring in spring and
summer during nearshore
movement])

intermittent

Table A-23. HPA HCP Marinas Exposure and Response Matrix for Newcomb’s littorine snail.?
Sub- Exposure ]
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Facility Operation/
Vessel Activities
Benthic disturbance Increased turbidity, disturbed Year-round (with intensity Permanent Common N/A Habitats used by this species are restrictedtoa | N/A N/A
from grounding, benthic area dependent on facility activity narrow band of littorine and riparian terrestrial
anchoring, and/or prop peaks) vegetation; therefore, it is not exposed to
wash aquatic impacts from marina and terminal
Eelgrass and macroalgae Year-round (effects most Permanent Intermittent to N/A Operation. N/A N/A
disturbance. prevalent during spring and common
summer growth periods with
intensity dependent on
activity)
Vessel maintenance and | Exposure to altered pH, altered Year-round (with intensity Permanent Intermittent to N/A N/A N/A
operational discharges dissolved oxygen, and dependent on facility activity common
contaminants, as described for peaks)
related stressors under Water
Quality Modification
Introduction of non-native species Year-round (with intensity Permanent (once Common N/A N/A N/A
dependent on facility activity invasive species are introductions with
peaks) established) interannual to
decadal colonization
events
Increased or altered Auditory masking and/or alteration | Year-round (with intensity Permanent Continuous to N/A N/A N/A
ambient noise levels of hearing sensitivity thresholds dependent on facility activity intermittent
peaks [stressor exposure
occurring in spring and
summer during nearshore
movement])
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily N/A N/A N/A
modification and moored vessel hulls, creating sunset (stressor exposure
light contrasts requiring visual and occurs in spring and summer
behavioral adaptation during nearshore movement)
Nighttime artificial facility and Year-round from sunset to Permanent Daily N/A N/A N/A
vessel lighting, creating light sunrise
Eogtra_sts rleq(;Jlrmg_wsual and (stressor exposure occurs in
ehavioral adaptation spring and summer during
nearshore movement)
Marine systems: Decreased light Year-round from sunrise to Permanent Continuous to N/A N/A N/A
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type C-treated wood

installation, with highest
levels occurring within 7
months of initial immersion

seasonal pulses
(dependent on current
velocity)

Table A-23. HPA HCP Marinas Exposure and Response Matrix for Newcomb’s littorine snail.?
Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Water Quality
Modification
Increased suspended solids Dependent on contributing Temporary to short- Intermittent to N/A N/A N/A
mechanism of impact term (dependent on interannual—decadal
contributing (dependent on
mechanism of contributing
impact) mechanism of
impact)
Resuspension of contaminated Dependent on contributing Temporary to short- Intermittent to N/A N/A See effects of related stressors under
sediments, resulting in exposure to | mechanism of impact term (e.g., interannual—decadal Water Quality Modification.
toxic substances operational spills) to | (dependent on
long-term (e.g., contributing
reexposure of buried | mechanism of
Introduction of toxic substances contaminants), impact)
dependent on
contributing
mechanism of impact
Altered dissolved oxygen levels Dependent on contributing Temporary to short- Intermittent to N/A N/A N/A
mechanism of impact term (e.g., permanent
contaminant spill or (dependent on
discharge) to contributing
seasonal (e.g., mechanism of
reduced submerged impact)
aquatic vegetation
productivity due to
changes in ambient
light patterns)
depending on
contributing
mechanism of impact
Altered pH levels Dependent on contributing Temporary to short- Intermittent to N/A N/A N/A
mechanism of impact term (depending on interannual—decadal
contributing (dependent on
mechanism of contributing
impact) mechanism of
impact)
Use of creosote-treated Leaching of polycyclic aromatic Leaching begins upon Long-term (with Continuous with N/A N/A N/A
wood hydrocarbons (PAHS) installation, with highest decreasing seasonal pulses
levels after initial immersion, concentration (associated with high
followed by peaks during intensity over time) water temperature
periods of increased and current velocity)
temperatures and higher flows.
Leaching more pronounced
when used in fresh water.
Spikes in concentration will
occur during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.
Use of ACZA- and CCA | Leaching of metals (Cu, As, Cr, Zn) | Leaching begins upon Intermediate-term Continuous with N/A
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and nonpoint source
pollution

contaminants, nutrients, altered
dissolved oxygen, and increased
suspended solids

and spring and summer high
boat-use periods.

contaminants in stormwater presents risks to
survival of Newcomb’s littorine snail.
However, as the life history and specific
sensitivities of this species are unknown,
actual risks are a data gap.

low-impact development and
stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and

Table A-23. HPA HCP Marinas Exposure and Response Matrix for Newcomb’s littorine snail.?
Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Increased stormwater Combined effects of altered pH, Fall and winter rain events, Permanent Intermittent ? All exposed life-history stages: Exposure to Require facilities to employ modern See effects for related stressors under

Water Quality Modification.

overwater washdowns.
Riparian and Shoreline
Vegetation
Modification
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal ? Newcomb’s littorine snail it is an intertidal Avoid/minimize disturbance of salt Riparian vegetation modification
increased summer temperatures, winter/summer during solar permanent mollusk species that lives under and on the marsh vegetation. Maintain system- leading to the alteration of Salicorna
Altered ambient air decreased winter temperatures) radiation and ambient (dependent on nature stems of glasswort (Salicornia virginica), appropriate riparian buffer widths to habitat in salt marsh environments
temperature regime temperature extremes) of riparian impacts). which occurs in narrow bands on the fringes the greatest extent possible. where this species occurs is likely to
Altered shoreline and Increased suspended solids; Year-round (with primary Intermediate-term to | Continuous to ﬁfsiglrt m?rtsr,]hes. L'Ftle ISI tI;nowrr]l .(:f :he .It'fg' Avoid/minimize disturbance of salt :ftad to rdeCEd SUN'V?.IIL %(?Vrth’ and
bluff stability secondary effects on habitat stressor prominent during high | long-term (dependent | seasonal (dependent d! g’ Of thi5 Zpsmes, da ougn 1ts '.ffT?' € marsh riparian vegetation. Maintain tthess aE?fne or mo:e_ ' i Istory
complexity (e.g., through change in | wave energy conditions) on time required for on specific stressor) FERgPYand dependence on spectfic system-appropriate riparian buffer stages. ects resulting from
substrate composition, smothering riparian recovery) vegetation types increases sensitivity to widths to the greatest extent possible. exposure to specific impact
of aquatic vegetation) specific types of riparian impacts. Salicorna mechanisms are unknown, however, as
fringe habitats are typically less influenced by sensitivity to stressor exposure and
Altered allochthonous Reduced recruitment of terrestrially | Year-round (stressor exposure | Permanent Continuous riparian shade, but the actual shade Avoid/minimize disturbance of life-history requirements are a data
inputs derived prey resources; reduced occurs during nearshore requirements and life-history specific riparian vegetation. Maintain system- | gap.
aquatic food web productivity due | rearing period in spring and temperature requirements of this species are appropriate riparian buffer widths to
to reduced organic matter inputs summer) unknown. While tolerant of both salt and the greatest extent possible.
Altered habitat Reduced food web productivity, Year-round (stressor exposure | Short-term to Continuous fresh water, it avoids immersion for long Encourage project designs that limit
complexity reduced foraging opportunity, occurs during nearshore permanent periods and will drown if trapped. Actual permanent alteration of high-quality
reduction in available cover rearing period in spring and (dependent on nature dependence on freshwater inflow is a data gap. | pjtat features. Avoid disturbance of
summer) of activity) However, salt marsh habitats in general are salt marsh vegetation, particularly the
shaped by combined surface and ground water | gajicorna fringe
flows; therefore, alteration of freshwater -
Altered groundwater— Reduced aquatic food web Year-round (stressor exposure | Permanent Continuous inflow may lead to reduction in suitable Avoid alteration of nearshore
surface water exchange productivity; secondary effects on occurs during nearshore habitat area. vegetation in and around freshwater
habitat complexity (e.g., through rearing period in spring and seeps.
alteration of aquatic vegetation) summer)
Aquatic Vegetation
Modification
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous N/A N/A N/A N/A
production in spring and summer when
vegetation growth is most
extensive)
Altered habitat Reduced food web productivity, Year-round Short-term to Continuous

complexity

reduced foraging opportunity,
reduction in available cover,
reduction in available spawning
habitat (fresh water)

permanent
(dependent on nature
of activity)
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Table A-23. HPA HCP Marinas Exposure and Response Matrix for Newcomb’s littorine snail.?
Sub- Exposure
activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Hydraulic and
Geomorphic
Modification
Marine
Altered wave energy Change in habitat structure and Year-round Permanent Continuous ? Juveniles: Wave energy, sediment supply, Carefully evaluate project siting and May affect survival, growth, and
Altered current habitat suitability, reduced food Year-round (with variable Permanent Intermittent N/A substrate composition, and groundwater inputs | design and consider the magnitude of fitness at all life-history stages.
T web complexity, habitat availability . ] are core ecosystem processes and impact mechanisms produced by the However, actual effects are uncertain
velocities and suitability Effec.ts. depending on site- characteristics that compose the nearshore project. Encourage selection of project | as life-history specific sensitivity to
speglflc current dynamlcs and ecosystem. Alteration in one or more of these | designs that minimize effects on these impact mechanisms and related
project configuration) parameters can fundamentally alter marine sediment supply, longshore drift stressors is currently a data gap.
Altered nearshore Year-round (with seasonally Permanent Seasonal N/A littoral habitats, potentially altering the extent | patterns, and wave energy and current
circulation patterns variable effects depending on and composition of Salicorna habitat for patterns.
site-specific geography and Newcomb’s littorine snail. In particular,
bathymetry, and project alteration of littoral wave energy and sediment
configuration) characteristics could lead to reductions in the
] . B B amount of Salicorna habitat, or more frequent
Altered sediment supply qur-rqund (beglnnlng with Permanent Continuous ? inundation leading to reduced habitat
project installation and suitability. These alterations could lead to
becoming more pronounced reduced survival, growth, and fitness;
over time) however, life-history specific sensitivity to
Altered substrate Year-round (beginning with Permanent Continuous ? these stressors is currently a data gap. As
composition project installation and Newcomb’s littorine snail is not a truly
becoming more pronounced aquatic species and spends little time below
over time as caused by altered the water surface, it is not affected by changes
longshore drift patterns ) in current and circulation patterns.
Altered freshwater Year-round Permanent Continuous ?
inflow

% For purposes of this white paper, the two subactivity categories of marinas and shipping/ferry terminals have been combined in these exposure-response matrix analyses. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For
example, a high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina.

? Unknown. Life-history characteristics and habitat requirements of this species are poorly understood, therefore the exposed life history stages are unknown.
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Table A-24. HPA HCP Marinas Exposure and Response Matrix for Giant Columbia River Limpet and Great Columbia River Spire Snail.?

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor ‘ When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Marinas and Shipping/Ferry Terminals
Construction and
Maintenance Activities
Pile driving Increased underwater noise levels During project construction Temporary (auditory | Interannual to Juveniles; All life-history stages: The effects of pile- Use double-confined bubble curtainto | The effects of pile-driving sounds and
and maintenance activities masking) to short- decadal (during Adults driving sounds and other anthropogenic reduce sound pressure, or work within | other anthropogenic sounds to
term (hearing project construction sounds to Columbia River limpet and confined or dewatered work areas. Columbia River limpet and Columbia
threshold effects) and maintenance) Columbia River spire snail are a data gap. Encourage use of vibratory hammers River spire snail are a data gap.
and wooden pilings where practicable.
Construction vessel Increased or altered ambient noise During project construction Temporary (auditory | Interannual to Juveniles, All life-history stages: The effects of pile- Avoid/minimize cavitation to limit The effects of pile-driving sounds and
operation levels and maintenance activities masking) to short- decadal (during Adults driving sounds and other anthropogenic noise intensity. Promote use of vessels | other anthropogenic sounds to
term (hearing project construction sounds to Columbia River limpet and equipped with antinoise/antivibration Columbia River limpet and Columbia
threshold effects) and maintenance) Columbia River spire snail are a data gap. technology where practicable. River spire snail are a data gap.
Channel/work area Species removal, relocation, and During project construction Short-term Interannual to Juveniles; All life-history stages: Mortality from Perform channel work on areas where Mortality and reduced survival and
dewatering exclusion and maintenance activities decadal (depending Adults dewatering. these species do not occur (these productivity at affected life-history
on activity species are rarely found in sandy stages.
frequency) substrate).
Entrainment in pumps or During project construction Short-term Interannual to Juveniles; These species’ potential for entrainment in Perform channel work on areas where | These species’ potential for
impingement on pump screens and maintenance activities decadal (depending Adults pumps or impingement on pump screens is a these species do not occur (these entrainment in pumps or impingement
on activity data gap. species are rarely found in sandy on pump screens is a data gap.
frequency) substrate).
Altered flow conditions (riverine) During project construction Short-term Interannual to Juveniles; All life-history stages: Potential downstream Limit alteration of flow conditions to May affect survival and productivity
and maintenance activities decadal (depending Adults sedimentation resulting in decreased minimal area. during all affected life-history stages.
on activity downstream habitat suitability; decreased
frequency) dissolved oxygen levels, reduced prey
resource availability, and reduced suitable
settling habitat; decreased fitness, growth, and
productivity.
Stream bed disturbance, increased During project construction Temporary Interannual to Juveniles; All life-history stages: Decreased prey Adhere to system-specific in-water May affect growth and productivity at
turbidity (associated with site and maintenance activities decadal (depending Adults resource availability, decreased dissolved work windows. all life-history stages.
rewatering) on activity oxygen, decreased suitable settling habitat;
frequency) resulting in decreased fitness, growth, and
survival.
Localized alteration in invertebrate | During project construction Short-term Interannual to Juveniles; All life-history stages: Decreased survival due | Limit area of dewatering to the greatest | May affect growth and productivity at
abundance and maintenance activities decadal (depending Adults to loss a food resources (small crustaceans extent practicable. juvenile life-history stage.
on activity attached to rocks and gravel).
frequency)
Increased suspended solids During project construction Short-term Interannual to Juveniles; All life-history stages: See responses to Limit area of dewatering to the greatest | See effects for related stressors under
and maintenance activities decadal (depending Adults related stressors under Water Quality extent practicable. Follow established | Water Quality Modification.
on activity Modification. protocols for dewatering and
frequency) rewatering.
Navigation/maintenance Alteration of bathymetry and During project construction Permanent Interannual-decadal Juveniles; All life-history stages: See responses Avoid fill or, if unavoidable, restore See effects for related stressors under
dredging substrate characteristics and maintenance activities Adults described above under Hydraulic and currently filled or degraded shallow Hydraulic and Geomorphic
Geomorphic Modification. shoreline habitats. Modification
Aquatic vegetation removal and During project construction Intermediate-term Interannual-decadal Juveniles; Juveniles and adults: Decreased prey resource | Limit dredging-related disturbance of See effects for related stressors under
delayed recovery and maintenance activities Adults availability; decreased fitness, growth, and submerged aquatic vegetation to the Riparian and Aquatic Vegetation
productivity of adults and juveniles. See greatest extent practicable through Modification
responses described above under Aquatic project siting.
Vegetation Modification.
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Table A-24 (continued).

HPA HCP Marinas Exposure and Response Matrix for Giant Columbia River Limpet and Great Columbia River Spire Snail.®

Sub-
Activity
Type

Exposure

Resulting Effects of the

Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Entrainment of benthic organisms, During project construction Temporary to short- Interannual-decadal Juveniles; All life-history stages: Mortality from Avoid turbidity effects above May affect all life-history stages;
increased suspended solids, and maintenance activities term Adults entrainment and decreased prey availability background levels. decreased fitness, growth and survival
resuspension of contaminated resulting in decreased growth and fitness. See of affected stages. See effects for
sediments responses described for related stressors related stressors under Water Quality

under Water Quality Modification. Modification.

Facility Operation/ Vessel

Activities

Benthic disturbance from Increased turbidity, disturbed Year-round (with intensity Permanent Common Juveniles; All life-history stages: Response to increased | Site facilities in deeper water to avoid See effects for related stressors under

grounding, anchoring, and/or | benthic area dependent on facility activity Adults turbidity exposure as described for related suspension of sediments from prop Water Quality Modification and

prop wash peaks) stressors under Water Quality Modification. wash and grounding. Prevent or Hydraulic and Geomorphic

Response to benthic disturbance as described discourage anchoring, and provide Modification.
for Hydraulic and Geomorphic Modification. alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Freshwater aquatic vegetation Year-round (effects most Permanent Intermittent to Juveniles; Juveniles and adults: See responses described | Site facilities in deeper water to avoid | See effects for related stressors under
disturbance prevalent during spring and common Adults under Riparian and Aquatic VVegetation suspension of sediments from prop Riparian and Aquatic Vegetation
summer growth periods, with Modification. wash and grounding. Prevent or Modification.
intensity dependent on discourage anchoring, and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.

Vessel maintenance and Exposure to altered pH, altered Year-round (with intensity Permanent Intermittent to Juveniles; All life-history stages: Combined responses to | Avoid and prohibit ballast water See effects for related stressors under

operational discharges dissolved oxygen, and dependent on facility activity common Adults altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) suspended solid exposure as described for discharge of ballast water where
related stressors under Water related stressors Water Quality Modification. practicable.

Quality Modification
Introduction of non-native species Year-round (with intensity Permanent (once Common Juveniles; All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival and productivity at
dependent on facility activity invasive species are introductions with Adults interactions, competition, and food web to ballast water management all life-history stages.
peaks) established) interannual to organization; exposure to non-native regulations. Provide for upland
decadal colonization pathogens. discharge of ballast water where
events practicable.
Increased or altered ambient | Auditory masking and/or alteration | Year-round (with intensity Permanent Continuous to Juveniles; All life-history stages: Effects of Enforce speed and acceleration limits; | All life-history stages: Effects of
noise levels of hearing sensitivity thresholds dependent on facility activity intermittent Adults anthropogenic sound to giant Columbia River | avoid cavitation. anthropogenic sound to giant
peaks [stressor exposure limpet and great Columbia River spire snail Columbia River limpet and great
occurs in spring and summer are a data gap. Columbia River spire snail are a data
during nearshore migration]) gap.

Ambient light modification Daytime shading from structures Year-round from sunrise to Permanent Daily Juveniles All life-history stages: The Columbia River Design facilities so majority of All life-history stages: The Columbia
and moored vessel hulls, creating sunset (stressor exposure limpet and spire snail light threshold and structural and moorage shading occurs | River limpet and spire snail light
light contrasts requiring visual and occurs in spring and summer behavior respective to light changes are a data | offshore away from submerged aquatic | threshold and behavior respective to
behavioral adaptation during nearshore migration) gap. vegetation, migration corridors, and light changes are a data gap.

foraging habitats. Allow at least 10
ft-c light under dock structure to limit
changes in ambient light conditions.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Juveniles All life-history stages: The Columbia River Reduce and shield facility and vessel All life-history stages: The Columbia

vessel lighting, creating light
contrasts requiring visual and
behavioral adaptation

sunrise (stressor exposure
occurs in spring and summer
during nearshore migration)

limpet and spire snail light threshold and
behavior respective to light changes are a data

gap.

lighting to limit nighttime illumination
of the underwater environment.

River limpet and spire snail light
threshold and behavior respective to
light changes are a data gap.
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Table A-24 (continued).

HPA HCP Marinas Exposure and Response Matrix for Giant Columbia River Limpet and Great Columbia River Spire Snail.®

Sub-

Exposure

Activity

Type Mechanism of Impact

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Water Quality
Modification

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

thresholds, causing mortality or injury leading
to reduced fitness.

holding and no direct waste discharge.

Increased suspended solids Dependent on contributing Temporary to short- Intermittent to Juveniles; All life-history stages: Turbidity sufficientto | Ensure project design avoids and/or May decrease survival and
mechanism of impact term (dependent on interannual-decadal Adults cause fine sediment embededdness may lead minimizes habitat alterations leading to | productivity.
contributing (dependent on to direct mortality and burial. Responses vary | chronic bank instability. Avoid short-
mechanism of contributing depending on stressor magnitude. Reduction term turbidity effects above
impact) mechanism of in suitable settling habitat (due to substrate background levels to greatest extent
impact) embededdness) and reduced dissolved oxygen | practicable. Adhere to established
could limit growth and survival. protocols for managing sediment and
turbidity.
Resuspension of contaminated Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles: Decreased survival; increased Identify and demarcate all areas with May affect survival and productivity at
sediments, resulting in exposure to | mechanism of impact term (e.g., interannual-decadal Adults incidence of developmental abnormalities contaminated sediments, manage and all life-history stages.
toxic substances operational spills) to (dependent on leading to decreased survival and fitness. avoid causes of sediment disturbance
long-term (e.g., ) contribu_ting Juveniles and adults: Physiological responses (g.g_., d_efine a_n_d maintain vessel speed
. . reexposure of buried | mechanism of to exposure at toxic levels causing mortality or limits in sensitive areas). Ensure
Introduction of toxic substances contaminants), impact) iniury leading to reduced fit procedures are in place to quickly
jury leading to reduced fitness. h h 4
dependent on Bioaccumulation of contaminants at subacute | cOntain and clean up spills of toxic
contrlbu_tlng . levels, resulting in chronic physiological substan_ces.. Encourage the use of .
mechanism of impact effects leading to reduced fitness and/or nontoxic, biodegradable lubricants in
mortality. construction vessels.
Altered dissolved oxygen levels Dependent on contributing Temporary to short- Intermittent to Juveniles; All life-history stages: Requires high Avoid sediment pulses. Limit nutrient | May affect productivity and survival of
mechanism of impact term (e.g., permanent Adults dissolved oxygen content. Mortality, inputs associated with discharges of all life-history stages.
contaminant spill or (dependent on decreased fitness, growth, and survival. wastewater and gray water. Other
discharge) to contributing mechanism-specific measures as
seasonal (e.g., mechanism of appropriate.
reduced submerged impact)
aquatic vegetation
productivity due to
changes in ambient
light patterns),
dependent on
contributing
mechanism of impact
Altered pH levels Dependent on contributing Temporary to short- Intermittent to Juveniles; All life-history stages: Physiological Avoid sediment pulses. Limit nutrient | May affect survival and productivity of
mechanism of impact term (dependent on interannual—decadal Adults responses to pH levels outside of optimal inputs with wastewater and gray water | all life stages.
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Table A-24 (continued).

HPA HCP Marinas Exposure and Response Matrix for Giant Columbia River Limpet and Great Columbia River Spire Snail.®

Sub-
Activity
Type

Exposure

Resulting Effects of the

Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Use of creosote-treated wood | Leaching of polycyclic aromatic Leaching begins upon Long-term (with Continuous with Juveniles; Juveniles and adults: Physiological responses | Promote removal of creosote-treated May affect survival and productivity of
hydrocarbons (PAHs) installation, with highest decreasing seasonal pulses Adults to exposure at toxic levels causing mortality or | wood and prevent new uses in juveniles and adults.
levels after initial immersion, | concentration (associated with high injury leading to reduced fitness. accordance with pertinent regulations.
followed by peaks during intensity over time) water temperature Bioaccumulation of contaminants at subacute | Avoid use of other treated wood
periods of increased and current velocity) levels, resulting in chronic physiological products where practicable. Use
temperatures and higher flows. effects leading to reduced fitness and/or alternative materials such as concrete,
Leaching more pronounced mortality. galvanized steel, plastic lumber,
when used in fresh water. recycled plastics, and plastic coatings
Spikes in concentration occur where practicable. Where treated
during removal due to wood is necessary, use dense-grained
leaching from freshly cut material to limit leaching. Use plastic
surfaces and dispersal of or metal cuffs at abrasion points to
sawdust fragments with high avoid fragmentation and release of
surface area. treated wood particulates.
Use of ACZA- and CCA Leaching of metals (Cu, As, Cr, Zn) | Leaching begins upon Intermediate-term Continuous with Juveniles; Juveniles and Adults: Physiological responses | Rémoval: Completely remove treated
type C-treated wood installation with highest levels seasonal pulses Adults to exposure at toxic levels causing mortality or | W00d where practicable, consistent
occurring within 7 months of (dependent on current injury leading to reduced fitness. with WDNR Standard Practice
initial immersion. velocity) Bioaccumulation of contaminants at sub-acute | Memorandum. When piles are left in
levels resulting in chronic physiological place, cut off at least 2 ft below surface
effects leading to reduced fitness and/or and cap with clean sediment. Contain
mortality. and capture sawdust for disposal at
approved facility.
Increased stormwater and Combined effects of contaminants, | Fall and winter rain events, Permanent Intermittent Juveniles All life-history stages: Combined responses to | Require facilities to employ modern May affect survival and productivity at
nonpoint source pollution nutrients, altered pH levels, altered | and spring and summer high Adults altered pH, altered dissolved oxygen levels, low-impact development and all life-history stages.
dissolved oxygen, and increased boat-use periods contaminant exposure, and increased stormwater treatment technology.
suspended solids suspended solids. Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.
Riparian and Shoreline
Vegetation Modification
Riverine
Altered riparian shading Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Juveniles; All life-history stages: Prefers cool water and | Avoid/minimize disturbance of May affect survival and productivity.
increased summer temperatures, winter/summer during solar permanent Adults temperature regulation form shading. Altered | riparian vegetation. Maintain system-
decreased winter temperatures) radiation and ambient (dependent on nature growth and productivity caused by appropriate riparian buffer widths to
Altered ambient air temperature extremes) of riparian impacts). temperatures outside optimal growth range the greatest extent possible.
temperature regime and alteration of food web patterns. Wide
tolerance range but prefers cooler waters.
Direct mortality caused by exposure to
temperatures in excess of tolerance thresholds.
Altered stream bank and Increased suspended solids; Year-round (with specific Intermediate-term to | Continuous to Juveniles; All life-history stages: Prefers high levels of Avoid/minimize disturbance of May affect survival and productivity.
shoreline stability decreased dissolved oxygen; stressors prominent during long-term (dependent | seasonal (dependent Adults dissolved oxygen and cool water. Altered riparian vegetation. Maintain system-
reduced habitat complexity (e.g., high flow conditions) on time required for on specific stressor) growth and productivity caused by appropriate riparian buffer widths to
filling of pools) riparian recovery) temperatures outside optimal growth range the greatest extent possible.
and alteration of food web patterns. Wide
tolerance range but prefers cooler waters.
Direct mortality caused by exposure to
temperatures in excess of tolerance thresholds.
Altered allochthonous inputs | Reduced recruitment of terrestrially | Year-round Permanent Continuous Juveniles Juveniles: Reduced prey resource availability | Avoid/minimize disturbance of May affect juvenile and adult life-

derived prey resources; reduced
aquatic food web productivity due
to reduction in organic matter
inputs

due to decreased food web productivity;
decreased growth and fitness.

riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

history stages.
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Table A-24 (continued).

HPA HCP Marinas Exposure and Response Matrix for Giant Columbia River Limpet and Great Columbia River Spire Snail.®

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Altered habitat complexity Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased prey resource Encourage project designs that limit May affect juvenile survival and
reduced foraging opportunity permanent Adults availability, leading to increased competition permanent alteration of high-quality overall population productivity.
(dependent on nature and resulting effects on growth and fitness. habitat features.
of activity) Adults: Increased mortality and decreased
fitness.
Altered groundwater—surface | Reduced gravel dissolved oxygen N/A N/A N/A N/A N/A N/A N/A.
water exchange
Aquatic Vegetation
Modification
Riverine
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles; Juvenile and adults: Reduced foraging Design: Site majority of facility May affect juvenile and adult
production in spring and summer when Adults opportunities due to decreased food web offshore to limit grounding and prop productivity and survival.
vegetation growth is most productivity; decreased growth and fitness. wash effects. Limit project structural
extensive) footprint to minimize shading of
- ) ; aquatic vegetation to the greatest
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles; Juveniles and adults: See related stressor extent practicable. Design overwater See effects for related stressors under
due to reduced photosynthesis in sprin_g and summer when Adults responses under Water Quality Alteration. structures and mobring buoys in Water Quality Modification.
vegetation growth is most accordance with USACE guidance to
extensive) limit shading and anchor scour effects.
Altered habitat complexity Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles and adults: Decreased prey resource | Construction: Avoid/minimize May affect juvenile and adult survival
reduced foraging opportunity permanent Adults availability leading to increased competition, disturbance of aquatic vegetation and productivity.
(dependent on nature and resulting effects on growth and fitness. during project construction.
of activity) Adults: Increased mortality and decreased Operation: Enforce vessel operation
fitness rules to limit submerged aquatic
vegetation damage from prop wash,
grounding, and anchoring.
Hydraulic and Geomorphic
Modification
Riverine
Altered channel geometry Change in habitat structure and Year-round Permanent Continuous Juveniles; All life-history stages: Changes in channel Carefully evaluate project siting and May affect all life-history stages;
habitat suitability, reduced food Adults morphology, flow velocity, and substrate design and consider the magnitude of decreased growth, survival, and
web complexity, reduced habitat composition can alter substrate composition impact mechanisms produced by the productivity.
availability and suitability and stability, leading to decreased survival. project. Encourage selections of
Altered flow velocity Year-round (with stressor Permanent Seasonal Juveniles: Altered channel geometry, flow pro;t;ct desllgns tha}[t mlfrlnmlze Ieffgtcts
exposure occurring during velocity, and substrate composition can result onbctar;ne geome_:fr Y, OV(‘j’ veloctty,
high-flow events, fall through in decreased rearing habitat suitability and Subs rg € compost: on, an A
spring) changes in food web complexity. This may g)r(?::t ;::E:i{c?i)l;cl:eange to the greatest
. limit prey resource availability and increase '
Altered _sybstr_ate _ Year-round Permanent Continuous competition for suitable habitats, leading to
composition (including : h
decreased growth, fitness, and survival.
placement of non-erodable
substrate) Adults: Changes in channel morphology may
Altered groundwater inputs Year-round Permanent Continuous lead o habitat alteration, leading to increased

stress and predation rate. Changes in substrate
composition and stability resulting from
altered channel geometry and flow velocity.
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Table A-24 (continued).

HPA HCP Marinas Exposure and Response Matrix for Giant Columbia River Limpet and Great Columbia River Spire Snail.®

Sub- Exposure
Activity Resulting Effects of the
Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Addition of impervious Alteration in the magnitude, During storm events Permanent Common Juveniles All life-history stages: Because the amount of | Encourage facilities to employ modern | Impervious surface at anticipated scale
surface volume, and timing of peak flows (predominantly from fall Adults impervious surface associated with marinas is | low-impact development and would not produce stressors of

through spring)

a relatively inconsequential component of the
overall drainage area of the larger river
systems that would support this type of
development, the magnitude of the hydrologic
modification stressor is expected to be
negligible. As such, this stressor is not
expected to significantly affect the riverine
environment, and there will be no response to
the stressor.

stormwater treatment technology.

sufficient magnitude to adversely
affect the spire snail and giant
Columbia River limpet.

® For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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Table A-25. HPA HCP Marinas Exposure and Response Matrix for California Floater and Western Ridged Mussel.?
Sub- Exposure
Activit
Type y . Life History . . .
Mechanism of Impact Stressor When Duration Frequency Eorm Response to Stressor Minimization Measures Resulting Effects of the Action

Marinas and Shipping/Ferry Terminals

Construction and Maintenance Activities

Pile driving

Increased underwater noise levels

During project construction
and maintenance activities

Temporary (auditory
masking) to short-
term (hearing
threshold effects)

Interannual to
decadal (during
project construction
and maintenance)

Glochidia larvae;
Juveniles;
Adults

All life-history stages: The effect of pile-
driving sound pressure on California floater and
western ridged mussels at any life-history stage
is a data gap. Any potential impact would
likely occur on the host fish species for the
glochidia larvae (California floater= native
minnows; western ridge = coldwater stream fish
such as trout and salmon).

Avoid pile-driving noise in excess of
impact thresholds established by
NOAA Fisheries and USFWS in
habitats used by species. Limit pile
driving to in-water work windows.
Use double-confined bubble curtain to
reduce sound pressure, or work within
confined or dewatered work areas.
Encourage use of vibratory hammers
and wooden pilings where practicable.

This is a data gap for these species.
However, effects on host fish species
for glochidia larvae will affect
population productivity of this species.
This indirect effect applies to all
stressors.

Construction vessel

Increased or altered ambient noise

During project construction

Temporary (auditory

Interannual to

Glochidia larvae;

All life-history stages: The effect of pile-

Although little is known on the effects

Very little is known of the effects of

operation levels and maintenance activities masking) to short- decadal (during Juveniles, driving sound pressure on California floater and | of anthropogenic sounds on California | pile-driving sounds on California
term (hearing project construction Adults western ridged mussels is a data gap. floater and western ridged mussels, it floater and western ridged mussels at
threshold effects) and maintenance) is prudent to avoid/minimize cavitation | any life-history stage.
to limit noise intensity. Promote use of
vessels equipped with antinoise/
antivibration technology where
practicable.
Channel/work area Fish removal, relocation, and During project construction Short-term Interannual to Juveniles; Juveniles and adults: Mortality from River beds containing live freshwater May affect survival at juvenile and
dewatering exclusion and maintenance activities decadal (depending Adults dewatering. mussels should not be disturbed. If adult life-history stages.
on activity live mussels are encountered during
frequency) excavation of the bed, operations
should immediately cease and should
be relocated a minimum of 200 ft away
from the mussels.
Entrainment in pumps or During project construction Short-term Interannual to Glochidia larvae | Glochidia larvae: Any potential impact would Install and maintain pump screens Any potential impact would only occur
impingement on pump screens and maintenance activities decadal (depending only occur if the glochidia fish host is entrained | consistent with WDFW protocols. if the glochidia fish host is entrained or
on activity or impinged. Adhere to system-specific in-water impinged.
frequency) work windows; avoid use when
glochidia fish host are present.
Altered flow conditions (riverine) During project construction Short-term Interannual to Glochidia larvae; | All life-history stages: Potential downstream Limit alteration of flow conditions to May affect survival in all life stages.
and maintenance activities decadal (depending Juveniles; Zedlmentatlon, resulting in decreased minimal area.
on activity Adults ownstream habitat suitability, decreased
dissolved oxygen levels, reduced food resource
frequency) availability, and reduced suitable habitat;
decreased fitness, growth, and productivity.
Stream bed disturbance, increased | During project construction Temporary Interannual to Juveniles; Juveniles and adults: Mortality from increased | Adhere to system-specific in-water May affect survival at juvenile and
turbidity (associated with site and maintenance activities decadal (depending | Adults sedimentation. work windows. adult life-history stages.
rewatering) on activity
frequency)
Localized alteration in invertebrate | N/A N/A N/A N/A N/A N/A N/A
abundance
Increased suspended solids During project construction Short-term Interannual to Glochidia larvae; | All life-history stages: See responses to related | Limit area of dewatering to the greatest | See effects for related stressors under

and maintenance activities

decadal (depending
on activity
frequency)

Juveniles;
Adults

stressors under Water Quality Modification.

extent practicable. Follow established
protocols for dewatering and
rewatering.

Water Quality Modification.
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Table A-25 (continued).

HPA HCP Marinas Exposure and Response Matrix for California Floater and Western Ridged Mussel .2

Sub- Exposure

Activity - -

Type ) Life History L . .
Mechanism of Impact Stressor When Duration Frequency Eorm Response to Stressor Minimization Measures Resulting Effects of the Action
Navigation/maintenance | Alteration of bathymetry and During project construction Permanent Interannual—-decadal Glochidia larvae; | All life-history stages: See responses described | Avoid fill or, if unavoidable, restore See effects for related stressors under

dredging

substrate characteristics

and maintenance activities

Juveniles;
Adults

under Hydraulic and Geomorphic Modification.

currently filled or degraded shallow
shoreline habitats. River beds
containing live freshwater mussels
should not be disturbed. If live
mussels are encountered during
excavation of the bed, operations
should immediately cease and should
be relocated a minimum of 200 ft away
from the mussels.

Hydraulic and Geomorphic
Modification.

Aguatic vegetation removal and
delayed recovery

During project construction
and maintenance activities

Intermediate-term

Interannual—decadal

Juveniles;
Adults

Juveniles and adults: See responses described
under Aquatic Vegetation Modification.

Limit dredging-related disturbance of
submerged aquatic vegetation to the
greatest extent practicable through
project siting.

See effects for related stressors under
Riparian and Aquatic Vegetation
Modification.

Entrainment of benthic organisms,
increased suspended solids,
resuspension of contaminated
sediments

During project construction
and maintenance activities

Temporary to short-
term

Interannual-decadal

Glochidia larvae;
Juveniles;
Adults;

All life-history stages: See responses described
for related stressors under Water Quality
Modification.

Avoid turbidity effects above
background levels.

May affect juvenile growth and fitness.
See effects for related stressors under
Water Quality Modification.

Facility Operation/
Vessel Activities

Benthic disturbance Increased turbidity, disturbed Year-round (with intensity Permanent Common Glochidia larvae; | All life-history stages: Response to increased Site facilities in deeper water to avoid See effects for related stressors under
from grounding, benthic area dependent on facility activity Juveniles; turbidity exposure as described for related suspension of sediments from prop Water Quality Modification and
anchoring, and/or prop peaks) Adults stressors under Water Quality Modification. wash and grounding. Prevent or Hydraulic and Geomorphic
wash Response to benthic disturbance as described discourage anchoring, and provide Modification.
for Hydraulic and Geomorphic Modification. alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Eelgrass and macroalgae N/A N/A N/A N/A N/A. N/A N/A
disturbance
Freshwater aquatic vegetation Year-round (effects most Permanent Intermittent to Juveniles; Juveniles and adults: See responses described Site facilities in deeper water to avoid See effects for related stressors under
disturbance prevalent during spring and common Adults under Aquatic Vegetation Modification. Likely | suspension of sediments from prop Aquatic Vegetation Modification.
summer growth periods, with an issue only in large river systems. wash and grounding. Prevent or
intensity dependent on discourage anchoring, and provide
activity) alternatives such as mooring buoys
designed in accordance with USACE
guidance.
Vessel maintenance and | Exposure to altered pH, altered Year-round (with intensity Permanent Intermittent to Glochidia larvae; | All life-history stages: Combined responsesto | Avoid and prohibit ballast water See effects for related stressors under

operational discharges dissolved oxygen, and dependent on facility activity common Juveniles; altered pH, contaminants, and increased discharge. Provide for upland Water Quality Modification.
contaminants, as described for peaks) Adults suspended solid exposure as described for discharge of ballast water where
related stressors under Water related stressors under Water Quality practicable.
Quality Modification Modification.
Introduction of non-native species Year-round (with intensity Permanent (once Common Glochidia larvae; | All life-history stages: Altered predator/prey Require permitted facilities to adhere May affect survival at all life-history

dependent on facility activity
peaks)

invasive species are
established)

introductions with
interannual to
decadal colonization
events

Juveniles;|
Adults

interactions and food web structure; exposure to
non-native pathogens.

to ballast water management
regulations. Provide for upland
discharge of ballast water where
practicable.

stages.

Increased or altered
ambient noise levels

Auditory masking and/or alteration
of hearing sensitivity thresholds

Year-round (with intensity
dependent on facility activity
peaks)

Permanent

Continuous to
intermittent

Glochidia larvae;
Juveniles;
Adults

All life-history stages: The effects of
anthropogenic sounds and the importance of
sound to mussels are data gaps. Any potential
impact would likely occur on the glochidia fish
host.

Enforce speed and acceleration limits;
avoid cavitation.

The effects of anthropogenic sounds
and the importance of sound to
mussels are data gaps.
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Table A-25 (continued).

HPA HCP Marinas Exposure and Response Matrix for California Floater and Western Ridged Mussel .2

Sub- Exposure
Activit
Type y ) Life History o ] )
Mechanism of Impact Stressor When Duration Frequency Eorm Response to Stressor Minimization Measures Resulting Effects of the Action
Ambient light Daytime shading from structures Year-round from sunrise to Permanent Daily Glochidia larvae; | All exposed life-history stages: Mussels are not | Design facilities so majority of Mussels are not visual feeders;
modification and moored vessel hulls, creating sunset Juveniles; visual feeders; therefore, this is not expected to structural and moorage shading occurs | therefore, this is not expected to be a
light contrasts requiring visual and Adults be a direct stressor. However, this stressor may | offshore away from submerged aquatic | stressor. May be an indirect effect by
behavioral adaptation affect the dispersal of larvae through indirect vegetation, migration corridors, and affecting the health and fitness of host
effects on the health and fitness of host fish. foraging habitats. Allow at least 10 fish.
ft-c light under dock structure to limit
changes in ambient light conditions.
Such measures could support host-fish.
Nighttime artificial facility and Year-round from sunset to Permanent Daily Glochidia larvae; | All exposed life-history stages: Mussels are not | Reduce and shield facility and vessel Mussels are not visual feeders;
vessel lighting, creating light sunrise (stressor exposure Juveniles; visual feeders; therefore, this is not expected to | lighting to limit nighttime illumination | therefore, this is not expected to be a
contrasts requiring visual and occurs in spring and summer Adults be a stressor. However, this stressor may of the underwater environment. stressor. May be an indirect effect by
behavioral adaptation during nearshore migration) affect the dispersal of larvae through indirect affecting the health and fitness of host
effects on the health and fitness of host fish. fish.
Water Quality
Modification
Increased suspended solids Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles and adults: Effects depend on the Ensure project design avoids and/or May affect juvenile and adult survival.
mechanism of impact term (dependent on interannual-decadal Adults magnitude of increased suspended solids. minimizes habitat alterations leading to

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

Turbidity sufficient to cause fine sediment
embeddedness may bury these mussels and lead
to direct mortality and decreased population
survival.

chronic bank instability. Avoid short-
term turbidity effects above
background levels to greatest extent
practicable. Adhere to established
protocols for managing sediment and
turbidity.

Resuspension of contaminated
sediments, resulting in exposure to
toxic substances

Introduction of toxic substances

Dependent on contributing
mechanism of impact

Temporary to short-
term (e.g.,
operational spills) to
long-term (e.g.,
reexposure of buried
contaminants),
dependent on
contributing
mechanism of impact

Intermittent to
interannual-decadal
(dependent on
contributing
mechanism of
impact)

Glochidia larvae;
Juveniles;
Adults

Glochidia larvae: Decreased survival; increased
incidence of developmental abnormalities
leading to decreased survival and fitness is
expected but is a data gap. For these mussels,
exposure to contaminants can occur through
sediments and host fish.

Juveniles and adults: Mussels readily
accumulate pollutants. Effects include
mortality, increased stress, reduced growth and
fitness, tissue bioaccumulation, increased
disease incidence, reduced additional stressor
toleration, habitat avoidance, altered or delayed
migration behavior.

Identify and demarcate all areas with
contaminated sediments, manage and
avoid causes of sediment disturbance
(e.g., define and maintain vessel speed
limits in sensitive areas). Ensure
procedures are in place to quickly
contain and clean up spills of toxic
substances. Encourage the use of non-
toxic, biodegradable lubricants in
construction vessels.

May affect survival at all life-history
stages. Reduced growth and fitness
may affect adult spawning
productivity.

Altered dissolved oxygen levels

Dependent on contributing

Temporary to short-

Intermittent to

Glochidia larvae;

All life-history stages: Mortality in acute low

Avoid sediment pulses. Limit nutrient

May affect survival of larvae. May

mechanism of impact term (e.g., permanent Juveniles; dissolved oxygen events due to asphyxiation. inputs associated with discharges of affect juvenile survival and adult
contaminant spill or (dependent on Adults Effects to host-fish could be stressor to these wastewater and gray water. Other survivalproductivity., and spawning
discharge) to contributing mussels. mechanism specific measures as success.
segsongl (et.)g., d mechanism of Juveniles and adults: A physiological response | 2PPropriate.
;ZUL;??C vseugeTaiirgs impact) to exposure at toxic levels, causing mortality or
S injury leading to reduced fitness is a data gap.
productivity due to jury g gap
changes in ambient
light patterns),
dependent on
contributing
mechanism of impact
Altered pH levels Dependent on contributing Temporary to short- Intermittent to Juveniles; Juveniles and adults: Physiological responses Limit nutrient inputs with wastewater May affect survival of juveniles and
mechanism of impact term (depending on interannual-decadal Adults to pH levels outside of optimal thresholds, and gray water holding and no direct adults

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury and leading to
reduced fitness of host fish.

waste discharge.
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Table A-25 (continued).

HPA HCP Marinas Exposure and Response Matrix for California Floater and Western Ridged Mussel .2

Sub-
Activity
Type

Minimization Measures

Resulting Effects of the Action

Exposure
. Life History
Mechanism of Impact Stressor When Duration Frequency Eorm Response to Stressor
Use of creosote-treated | Leaching of polycyclic aromatic Leaching begins upon Long-term (with Continuous with Juveniles; Juveniles and adults: Physiological responses
wood hydrocarbons (PAHS) installation, with highest decreasing seasonal pulses Adults to exposure at toxic levels, causing mortality or
levels after initial immersion, concentration (associated with high injury leading to reduced fitness.
followed by peaks during intensity over time) water temperature Bioaccumulation of contaminants at subacute
periods of increased and current velocity) levels, resulting in chronic physiological effects
temperatures and higher flows. leading to reduced fitness and/or mortality.
Leaching more pronounced
when used in fresh water.
Spikes in concentration occur
during removal due to
leaching from freshly cut
surfaces and dispersal of
sawdust fragments with high
surface area.
Use of ACZA- and Leaching of metals (Cu, As, Cr, Zn) | Leaching begins upon Intermediate-term Continuous with Juveniles; Juveniles and adults: Physiological responses
CCA type C-treated installation, with highest seasonal pulses Adults to exposure at toxic levels, causing mortality or

wood

levels occurring within 7

months of initial immersion

(dependent on current
velocity)

injury leading to reduced fitness.
Bioaccumulation of contaminants at subacute
levels, resulting in chronic physiological effects
leading to reduced fitness and/or mortality.

Promote removal of creosote-treated
wood and prevent new uses in
accordance with pertinent regulations.
Avoid use of other treated wood
products where practicable. Use
alternative materials such as concrete,
galvanized steel, plastic lumber,
recycled plastics, and plastic coatings
where practicable. Where treated
wood is necessary, use dense-grained
material to limit leaching. Use plastic
or metal cuffs at abrasion points to
avoid fragmentation and release of
treated wood particulates.

Removal: Completely remove treated
wood where practicable, consistent
with WDNR Standard Practice
Memorandum. When piles are left in
place, cut off at least 2 ft below surface
and cap with clean sediment. Contain
and capture sawdust for disposal at
approved facility.

May affect survival of juveniles and
adults.

Increased stormwater
and nonpoint source
pollution

Combined effects of altered pH,
contaminants, and nutrients, altered
dissolved oxygen, and increased
suspended solids

Fall and winter rain events,
and spring and summer high

boat-use periods

Permanent

Intermittent

Glochidia larvae;
Juveniles
Adults

All life-history stages: Combined responses to
altered pH, altered dissolved oxygen levels,
contaminant exposure, and increased suspended
solids

Require facilities to employ modern
low-impact development and
stormwater treatment technology.
Include operational requirements for
capture and recycling of marina
washdown water. Avoid spillage and
overwater washdowns.

May affect survival at all life-history
stages. May affect adult spawning
productivity.

Riparian and
Shoreline Vegetation
Modification

Riverine

Altered riparian shading
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Altered ambient air
temperature regime

Expansion of thermal regime (i.e.,
increased summer temperatures,
decreased winter temperatures)

Year-round

Long-term to
permanent
(dependent on nature
of riparian impacts).

Seasonal

Glochidia larvae;
Juveniles;
Adults

All life-history stages: Altered growth and
productivity caused by temperatures outside
optimal growth range, and alteration of food
web patterns (including food web supporting
host fish).

Adults and juveniles: Direct mortality caused
by exposure to temperatures in excess of
tolerance thresholds.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

May affect survival and productivity
during incubation, rearing, and
spawning.

Altered stream bank
and shoreline stability

Increased suspended solids and
burial of benthic organisms
attached to coarse substrate

Year-round (with specific
stressors prominent during

high flow conditions)

Intermediate-term to
long-term (dependent
on time required for
riparian recovery)

Continuous to
seasonal (dependent
on specific stressor)

Glochidia larvae;
Juveniles;
Adults

All life-history stages: Decreased food resource
availability, leading to increased competition
and resulting effects on growth and fitness for
mussels and host fish. Decreased suitable
habitat, injury, or mortality caused by excessive
turbidity or resulting smothering by burial.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

May affect juvenile and adult fitness
and survival of mussels and host fish.

Altered allochthonous
inputs

Reduced recruitment of terrestrially
derived prey resources; reduced
aquatic food web productivity due
to reduction in organic matter
inputs

Year-round

Permanent

Continuous

Glochidia larvae

Mussel dependence upon allochthonous input is
a data gap. However, could affect host fish.

Avoid/minimize disturbance of
riparian vegetation. Maintain system-
appropriate riparian buffer widths to
the greatest extent possible.

May affect productivity.
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Table A-25 (continued).

HPA HCP Marinas Exposure and Response Matrix for California Floater and Western Ridged Mussel .2

Sub- Exposure
Activity - -
Type M ) _ Life History o ] )
echanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Altered habitat Reduced recruitment of large Year-round Short-term to Continuous Juveniles; Juveniles and adults: Decreased habitat Encourage project designs that limit May affect juvenile survival, spawning
complexity woody debris, affecting habitat permanent Adults availability and food availability, leading to permanent alteration of high-quality success, and overall population
structure, hydraulic and substrate (dependent on nature increased competition and resulting effects on habitat features. productivity.
complexity, and availability of of activity) growth and fitness, including health of host fish.
organic substrate. Reduced food
web productivity, reduced feeding
opportunity, reduction in available
cover, reduction in available
habitat.
Altered groundwater— The effect of groundwater Year-round Permanent Continuous Glochidia larvae; | Mussel responses to groundwater exchange are | Avoid disturbance of vegetation along | Effect of groundwater exchange to
surface water exchange | exchange to California floater and Juveniles; a data gap. stream. mussel health and fitness is a data gap.
Western ridged mussels is a data Adults
gap
Lacustrine
Altered riparian shading | Expansion of thermal regime (i.e., Year-round (pronounced in Long-term to Seasonal Glochidia larvae; | Glochidia larvae: Host-fish of the California Avoid/minimize disturbance of May affect survival of all life-history

increased summer temperatures, winter/summer during solar permanent Juveniles; floater and Western ridged mussel may be riparian vegetation. Maintain system- | stages.
decreased winter temperatures) radiation and ambient (dependent on nature Adults affected by increased temperatures, which may | appropriate riparian buffer widths to
temperature extremes) of riparian impacts) lead to mortality or increased thermal stress and | the greatest extent possible.
decreased fitness of host fish.
Juveniles and adults: Mortality due to increased
- - temperatures.

Altered ambient air
temperature regime
Altered shoreline and Increased suspended solids; Year-round Intermediate-termto | Continuous to Juveniles; Juveniles and adults: Decreased refuge habitat | Avoid/minimize disturbance of May affect juvenile and adult survival.
bluff stability secondary effects on habitat long-term (dependent | seasonal (dependent Adults availability and foraging opportunities, leading | riparian vegetation. Maintain system-

complexity (e.g., through change in on time required for on specific stressor) to increased competition and resulting effects appropriate riparian buffer widths to

substrate composition, smothering riparian recovery) on growth and fitness for mussel host-fish. the greatest extent possible.

of aquatic vegetation)
Altered allochthonous Reduced recruitment of terrestrially | Year-round Permanent Continuous Glochidia larvae; | All life stages: Mussel dependence on Avoid/minimize disturbance of May affect juvenile and adult growth,
inputs derived prey resources; reduced Juveniles; allochthonous inputs from shoreline riparian riparian vegetation. Maintain system- | fitness, and productivity.

aquatic food web productivity due Adults vegetation is a data gap. This could be a appropriate riparian buffer widths to

to reduction of organic matter stressor to host fish. the greatest extent possible.

inputs.
Altered habitat Reduced recruitment of large Year-round Short-term to Continuous Glochidia larvae; | All life-history stages: Decreased refuge habitat | Encourage project designs that limit May affect juvenile survival and
complexity woody debris, affecting habitat permanent Juveniles; availability and foraging opportunities, leading permanent alteration of high-quality productivity, as well as spawning

structure, hydraulic and substrate (dependent on nature Adult to increased competition and resulting effects habitat features. success and overall population

complexity, and availability of of activity) on growth and fitness. productivity.

organic substrate. Reduced food

web productivity, reduced foraging

opportunity, reduction in available

cover.
Altered groundwater— Reduced aquatic food web Year-round Permanent Continuous Juveniles; Juveniles and adults: Mussel dependence on Avoid disturbance of vegetation along | Effects of the action resulting from this
surface water exchange | productivity; secondary effects on Adults groundwater inflow is currently a data gap. shoreline impact mechanism are unknown.

habitat complexity (e.g., through
alteration of aquatic vegetation)
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Table A-25 (continued).

HPA HCP Marinas Exposure and Response Matrix for California Floater and Western Ridged Mussel .2

Sub- Exposure
Activity - -
Type M ) _ Life History o ] )
echanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Aquatic Vegetation
Modification
Riverine and
Lacustrine
Altered autochthonous Reduced food web productivity Year-round (most pronounced | Permanent Continuous Juveniles Juveniles: Reduced prey availability due to Design: Site majority of facility May affect all life-history stages.
production in spring and summer when decreased food web productivity, decreased offshore to limit grounding and prop
vegetation growth is most growth and fitness of host fish. Although wash effects. Limit project structural
extensive) effects specific to altered autochthonous inputs | footprint to minimize shading of
for the California floater and Western ridged aquatic vegetation to the greatest
mussels are a data gap, alterations could be extent practicable. Design overwater
expected to affect prey resource availability. structures and mooring buoys in
Altered dissolved oxygen levels Year-round (most pronounced | Permanent Seasonal Juveniles; Juveniles and adults: Require high levels of accordance with USACE guidance to See effects for related stressors under
due to reduced photosynthesis. in spring and summer when Adults dissolved oxygen. See related stressor responses limit shading and anchor scour effects. Water Quality Modification.
vegetation growth is most under Water Quality Alteration. Effects include | Construction: Avoid/minimize
extensive) effects to shot fish. disturbance of aquatic vegetation
Alt - — - A - ) during project construction. -
ered habitat Reduced food web productivity. Year-round Short-term to Continuous Juveniles; Juveniles and adults: Reduced prey resources May affect all life stages.
complexity permanent Adults due to decreased food web productivity, Operation: Enforce vessel operation
(dependent on nature decreased growth and fitness of the California | rules to limit submerged aquatic
of activity) floater and Western ridged mussel prey and host | vegetation damage from prop wash,
fish. Altered autochthonous production could be | grounding, and anchoring.
expected to effect prey resource availability.
Hydraulic and
Geomorphic
Modification
Riverine
Altered channel Change in habitat structure and Year-round Permanent Continuous Glochidia larvae; | Glochidia larvae: Changes in channel Carefully evaluate project siting and May affect survival at all life-history
geometry habitat suitability, reduced food Juveniles; morphology, flow velocity, and substrate design and consider the magnitude of stages and affect life-history stages and
web complexity, reduced habitat Adults composition can affect host fish. impact mechanisms produced by the productivity of host-fish.
Altered flow velocity availability and suitability Year-round (with stressor Permanent Seasonal Juveniles and adults: As filter feeders, constant g;?iezts' tE:tcr?]L:Lailgmeing mg{; (())fnprOJect
exposures occurring during water flow is required. Altered channel changnel cometry. flow veloci
high-flow events, fall through geometry, flow velocity, and substrate substrategcom osyi’tion and by,
spring) composition can result in decrease habitat q p hanae to th
- suitability and changes in food web complexity. groundwater exchange to the greatest
Altered _Sl_Jbstr_ate _ Year-round Permanent Continuous This may limit prey resource availability and extent practicable.
composition (including foraging opportunities and increase competition
placement of non- for suitable habitats, leading to decreased
erodable substrate) growth, fitness, and survival.
Altered groundwater Year-round (with stressor Permanent Continuous
inputs exposure occurring during egg
incubation and juvenile
rearing)
Addition of impervious | Alteration in the magnitude, During storm events Permanent Common Glochidia larvae; | All life-history stages: Because the amount of Encourage facilities to employ modern | Impervious surface at anticipated scale
surface volume, and timing of peak flows (predominantly from fall Juveniles impervious surface associated with marinasisa | low-impact development and is not likely to produce stressors of
through spring) Adults relatively inconsequential component of the stormwater treatment technology. sufficient magnitude to adversely
overall drainage area of the larger river systems affect mussels at any life-history stage.
that would support this type of development, the
magnitude of the hydrologic modification
stressor is expected to be negligible. As such,
this stressor is not expected to significantly
affect the riverine environment, and there will
be no response to the stressor.
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Table A-25 (continued).

HPA HCP Marinas Exposure and Response Matrix for California Floater and Western Ridged Mussel .2

Sub- Exposure
Activity - -
Type ) Life History o ] )
Mechanism of Impact Stressor When Duration Frequency Form Response to Stressor Minimization Measures Resulting Effects of the Action
Lacustrine
Altered wave energy Change in habitat structure and Year-round (with predominant | Permanent Continuous Glochidia larvae; | All life-history stages: Wave energy, current Carefully evaluate project siting and May affect survival at all life-history
(short-period waves) habitat suitability, reduced food effects from fall through Juveniles; velocity, sediment supply, substrate design and consider the magnitude of stages. Decreased fitness may lead to
web complexity, habitat availability | spring, when wind driven Adults composition, and groundwater inputs are core impact mechanisms produced by the reduced spawning productivity.
and suitability waves are most pronounced) ecosystem processes and characteristics that project. Encourage selections of
Altered current Year-round (with effects more | Permanent Common compose the nearshore ecosystem. Alteration project designs that minimize effgcts
. : . . in one or more of these parameters can on sediment supply, longshore drift
velocities predominant in reservoirs A .
fundamentally alter lacustrine littoral habitats, patterns, and wave energy and current
versus natural lakes) h - N - i
potentially decreasing the suitability of rearing patterns. For example:
Altered nearshore Year-round (with variable Permanent Seasonal habitat for juvenile and adult fish. This may
: : : ; Permeable breakwaters that
circulation patterns effects by season [e.g., occur through increased predation exposure, * maintain longshore drift patterns
circulation patterns]) food web alterations and decreased foraging S | e desians f '
¥ ; opportunity. Effects to host fish affect these . uggest alternative designs for
ﬁllte;ed groundwater Year-round Permanent Continuous mussels. projects that fragment sources of
puts sediment recruitment and
Altered sediment supply Year-round Permanent Continuous groundwater supply.
Altered substrate Year-round Permanent Continuous e Require lake beach nourishment

composition

to maintain substrate and beach
profile characteristics where
impacts are unavoidable.

 For purposes of this white paper, the two subactivity categories (marinas and shipping/ferry terminals) have been combined in these exposure-response matrices. Potential impacts associated with these subactivities are primarily dependent on the magnitude, timing, duration, and frequency of the project. For example, a
high-volume marine terminal frequented by cargo vessels will clearly produce disturbance at greater magnitude and frequency than a small recreational marina on a lake.
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