Table A-1. HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook Salmon.

Sub-
activity
Type

Mechanism of Impact

Construction and

Maintenance Activities

Exposure

Stressor

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Pile driving Increased underwater noise levels During project 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-
construction and masking) to short- decadal (during Juveniles: dependent on noise magnitude and project- impact thresholds established by history stages, depending on project-
maintenance activities term (hearing project construction Adults specific environmental conditions; may range | NOAA Fisheries and USFWS in specific noise intensity and receptor

threshold effects) and maintenance) from: habitats used by species. Limit pile exposure. Likelihood of egg and alevin
Rupture of egg membrane. driving to in-water work windows. exposure is limited, as the majority of
Fatal injury or permanent auditory tissue Use double-confined bubble curtainto | Chinook spawning habitat is located in
damage limiting to survival. reduce sound pressure, or work within | areas unsuitable for jetty development.
Increased predation risk and decreased confined or dewatered work areas. Should exposure occur, however,
foraging success due to auditory masking Encourage use of vibratory hammers direct mortality or injury is probable.
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 Temporary (auditory | Interannual to Juveniles; Adults and juveniles: Auditory masking or Avoid/minimize cavitation to limit May affect survival, growth, and

operation levels construction and masking) to short- decadal (during Adults temporary hearing threshold effects may noise intensity. Promote use of vessels | fitness due to avoidance behavior,

maintenance activities

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 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 construction and decadal (depending Juveniles; from capture, handling, and relocation. Egg Fisheries and WDFW/WSDOT to is limited, as the majority of Chinook
maintenance activities on activity Adults relocation is impractical, likely leading to avoid and minimize impacts. spawning habitat is located in areas
frequency) mortality. unsuitable for jetty development.
Adults and juveniles: Mortality, injury, or Should exposure occur, however,
stress from capture, handling, and relocation. direct mortality or injury is highly
Juveniles: Increased competition once likely. May cause direct injury or
relocated, reduced growth and fitness, and mortality of juveniles and adults.
increased predation exposure. Stress may affect survival, growth and
) L N fitness, and adult spawning
Adults: Delayed migration resulting in S
. . productivity.
decreased fitness and spawning success.
Entrainment in pumps or impingement | During project Short-term Interannual to Eggs and alevins; Eqggs and alevins, juveniles: Injury or Install and maintain pump screens Likelihood of egg and alevin exposure

on pump screens

construction 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 Chinook
spawning habitat is located in areas
unsuitable for jetty 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 Shoreline Modification Exposure and Response Matrix for Chinook Salmon.

maintenance activities

on activity
frequency)

decreased growth and fitness.

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

practicable to minimal area.

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 current and circulation During project Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, Limit alteration of current and May affect juvenile growth and
conditions construction and decadal (depending Adults increased stress, increased competition, circulation patterns to greatest extent fitness; may affect adult spawning

productivity.

Stream bed disturbance, increased During project Temporary Interannual to Eggs and alevins; Eqggs and alevins: Potential decreased egg Adhere to system-specific in-water May affect growth and fitness at
turbidity (associated with site construction and decadal (depending Juveniles; incubation success and alevin survival due to work windows. Avoid work during juvenile life-history stage. May affect
rewatering) maintenance activities on activity Adults turbidity exposure and substrate disturbance. egg incubation periods. adult fitness and spawning
frequency) 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 Short-term Interannual to Juveniles Juveniles: Short-term reduction in foraging Limit area of dewatering to the May affect growth and fitness at

abundance construction and decadal (depending opportunity, increased competition, decreased | greatest extent practicable. juvenile life-history stage.
maintenance activities on activity growth and fitness.

frequency)

Increased suspended solids During project Short-term Interannual to Eggs and alevins; All life-history stages: See responses to Limit area of dewatering to the See effects for related stressors under
construction and decadal (depending Juveniles; related stressors under Water Quality greatest extent practicable. Follow Water Quality Modification.
maintenance activities on activity Adults Modification. established protocols for dewatering

frequency) and rewatering.
Construction/maintenance Alteration of bathymetry and substrate | During project 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

characteristics

construction and
maintenance activities

Juveniles;
Adults

described under Hydraulic and Geomorphic
Modification.

currently filled or degraded shallow
shoreline habitats.

is limited, as the majority of Chinook
spawning habitat is located in areas
unsuitable for jetty 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
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

Eggs and alevins;
Juveniles;
Adults

Eqggs 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 jetty 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.
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Table A-1 (continued).

HPA HCP Shoreline Modification 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

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.

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.

Altered dissolved oxygen levels

Dependent on

Temporary to short-

Intermittent to

Eggs and alevins;

All life-history stages: Mortality in acute low

Avoid sediment pulses.

Likelihood of egg and alevin exposure

contributing term (e.g., permanent Juveniles; dissolved oxygen events due to asphyxiation. is limited, as the majority of Chinook
mechanism of impact contaminant spill or (dependent on Adults spawning habitat is located in areas
discharge) to contributing unsuitable for jetty development.
seasonal (e.g., mechanism of Should exposure occur, stressor may
reduced submerged impact) affect survival. May affect juvenile
aquatic vegetation survival and productivity as well as
productivity due to adult survival, productivity, and
changes in ambient spawning success.
light patterns),
dependent on
contributing
mechanism of impact
Altered pH levels Dependent on Temporary to short- Intermittent to Juveniles; Juveniles and adults: Physiological responses | Avoid curing of concrete or discharge May affect survival and productivity
contributing term (depending on interannual-decadal Adults to pH levels outside of optimal thresholds, of concrete leachate to surface waters. | of juveniles and adults.

mechanism of impact

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.
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Table A-1 (continued).

HPA HCP Shoreline Modification 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

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

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

Leaching begins upon

Intermediate-term

Continuous with

Eggs and alevins;

All life-history stages: Physiological

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.

Likelihood of egg and alevin exposure
is limited, as the majority of Chinook
spawning habitat is located in areas
unsuitable for jetty development.
Should exposure occur, stressor may
affect survival, growth, and fitness.
May affect survival, growth, and
fitness of juveniles and adults.

type C-treated wood installation, with seasonal pulses Juveniles: responses to exposure at toxic levels, causing :
highest levels occurring (dependent on Adults mortality or injury leading to reduced fitness. | Contain and capture sawdust for
within 7 months of current velocity) Bioaccumulation of contaminants at subacute | disposal at approved facility.
initial immersion levels, resulting in chronic physiological
effects leading to reduced fitness and/or
mortality.
Riparian Vegetation
Modification
Marine
Altered shading, solar input | Expansion of thermal regime (i.e., Year-round, Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile growth and
and ambient air temperature | increased summer temperatures) (pronounced in summer | permanent temperature have a minor effect on nearshore riparian vegetation. Maintain system- | survival.
during solar radiation (dependent on nature water temperatures relative to the dominant appropriate riparian buffer widths to
and ambient of riparian impacts) influence of tidal and current patterns, wind the greatest extent possible.
temperature extremes) conditions, and other factors. However,
juveniles 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 and decreased fitness.
Altered shoreline stability Increased suspended solids; secondary | Year-round (with Intermediate-term to | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival.

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

primary 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-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook Salmon.

inputs

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

exposure occurs
predominantly during
spring outmigration
period through lakes)

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 Permanent Continuous Juveniles Juveniles: Chinook dependence on Avoid/minimize disturbance of May affect juvenile growth and fitness.
inputs derived prey resources; reduced exposure occurs during allochthonous inputs from marine riparian riparian vegetation. Maintain system-
aquatic food web productivity due to nearshore rearing vegetation is a data gap. However, Chinook appropriate riparian buffer widths to
reduced organic matter inputs period in spring and are known to utilize terrestrial insect resources | the greatest extent possible.
summer) recruited from the riparian zone. Alteration of
vegetation will therefore result in decreased
foraging opportunities, decreased growth and
fitness, and decreased productivity.
Altered habitat complexity Reduced recruitment of large woody Year-round (stressor Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival.
debris, affecting habitat structure, exposure occurs during | permanent availability and foraging opportunities, permanent alteration of high quality
hydraulic and substrate complexity, nearshore rearing (dependent on nature leading to increased competition and resulting | habitat features.
and availability of organic substrate; period in spring and of activity) effects on growth and fitness.
reduced food web productivity, summer)
reduced foraging opportunity,
reduction in available cover
Loss of groundwater input Reduced aquatic food web Year-round (stressor Permanent Continuous Juveniles Juveniles: Chinook dependence on Avoid disturbance of vegetation along | Effects of the action resulting from this
productivity; secondary effects on exposure occurs during groundwater inflow to nearshore marine shoreline. impact mechanism are unknown.
habitat complexity (e.g., through nearshore rearing habitats is currently a data gap.
alteration of aquatic vegetation) period in spring and
summer)
Lacustrine
Altered shading, solar input | Expansion of thermal regime (i.e., Year-round, Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile survival.
and ambient air temperature | increased summer temperatures, (pronounced in permanent temperature have a minor effect on nearshore riparian vegetation. Maintain system-
decreased winter temperatures) winter/summer during (dependent on nature water temperatures relative to the dominant appropriate riparian buffer widths to
solar radiation and of riparian impacts). influence of current patterns, wind conditions, | the greatest extent possible.
ambient temperature and other factors. However, juveniles trapped
extremes) in habitats isolated by waterlevel variability
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 stability Increased suspended solids; secondary | Year-round (with Intermediate-term to | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival.
effects on habitat complexity (e.g., primary stressor long-term (dependent | seasonal (dependent availability and foraging opportunities, riparian vegetation. Maintain system-
through change in substrate prominent during high on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to
composition, smothering of aquatic wave energy riparian recovery) effects on growth and fitness. Potential the greatest extent possible.
vegetation) conditions) 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 Permanent Continuous Juveniles Juveniles: Chinook are known to use Avoid/minimize disturbance of May affect juvenile growth and fitness.
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Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook 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 habitat complexity Reduced food web productivity, Year-round (stressor Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival.
reduced foraging opportunity, exposure occurs during | permanent availability and foraging opportunities, permanent alteration of high-quality
reduction in available cover predominantly during (dependent on nature leading to increased competition and resulting | habitat features.

spring outmigration of activity) effects on growth and fitness.
period through lakes)

Loss of groundwater input Reduced aquatic food web Year-round (stressor Permanent Continuous Juveniles Juveniles: Chinook dependence on Avoid disturbance of vegetation along | Effects of the action resulting from this
productivity; secondary effects on exposure occurs during groundwater inflow to nearshore lacustrine the shoreline. impact mechanism are unknown.
habitat complexity (e.g., through predominantly during habitats is currently a data gap.
alteration of aquatic vegetation) spring outmigration

period through lakes)

Aquatic Vegetation

Modification

Marine

Altered autochthonous Reduced food web productivity Year-round (most Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Limit project structural May affect juvenile growth and fitness.

production pronounced in spring due to decreased food web productivity and footprint to minimize shading of

and summer when decreased growth and fitness. aquatic vegetation to the greatest

vegetation growth is extent practicable.

most extensive) Construction: Avoid/minimize
Altered dissolved oxygen levels due to | Year-round (most Permanent Seasonal Juveniles Juveniles: See related stressor responses dist_urbanc_e of aquatic v_egetation See effects for related stressors under
reduced photosynthesis pronounced in spring under Water Quality Modification. during project construction. Water Quality Modification.

and summer when Operation: Enforce vessel operation

vegetation growth is rules to limit submerged aquatic

most extensive) vegetation damage from prop wash,

Altered habitat complexity Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat grounglmg, and anghormg, and reduced May affect juvenile survival. May
reduced foraging opportunity, permanent Adults availability and foraging opportunities, _solar “ghF penetration due to propeller- affect adult growth and spawning
reduction in available cover (dependent on nature leading to increased competition and induced fine bubbles. productivity.

of activity) predation exposure, resulting in decreased
survival, growth, and fitness.
Adults: Decreased foraging opportunity due
to decreased food web productivity.
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Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook 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 autochthonous Reduced food web productivity Year-round (most Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Limit project structural May affect juvenile growth and fitness.
production pronounced in spring due to decreased food web productivity; footprint to minimize shading of
and summer when decreased growth and fitness. aquatic vegetation to the greatest
vegetation growth is extent practicable.
most extensive) Construction: Avoid/minimize
Altered dissolved oxygen levels due to | Year-round (most Permanent Seasonal Juveniles; Juveniles and adults: See related stressor disturbance of aquatic vegetation See effects for related stressors under
reduced photosynthesis pronounced in spring Adults responses under Water Quality Modification. | during project construction. Water Quality Modification.
and summer when Operation: Enforce vessel operation
vegetation growth is rules to limit submerged aquatic
most extensive) vegetation damage from prop wash,
Alt - - - - o o - grounding, and anchoring. - - -
ered habitat complexity Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat May affect juvenile survival, growth,
reduced foraging opportunity, permanent Adults availability and foraging opportunities, and fitness, as well as adult spawning
reduction in available cover (dependent on nature leading to increased competition and resulting productivity.
of activity) effects on growth and fitness.
Adults: Increased mortality; decreased fitness
and spawning success due to decreased
availability of suitable migratory and
spawning habitat.
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Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook 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
Marine
Altered wave energy Change in habitat structure and habitat | Year-round (with Permanent Continuous Juveniles Juveniles: Wave energy, current velocity, Carefully evaluate project siting and May affect survival and productivity at
suitability; reduced food web stressor exposure sediment supply, substrate composition, and design and consider the magnitude of juvenile life-history stage. Decreased
complexity, habitat availability, and occurring in spring and groundwater inputs are core ecosystem impact mechanisms produced by the fitness may affect survival and
suitability summer when juveniles processes and characteristics that compose the | project. Encourage selection of project | productivity during ocean migration
occupy hearshore nearshore ecosystem. Alteration in one or designs that minimize effects on life-history phase.
habitats for rearing) more of these parameters can fundamentally sediment supply, longshore drift
Altered current velocities Year-round (with Permanent Intermittent alter ma}rine Iittor_a I h.a pitats, pot'_entially_ patterns, and wave energy and current
variable effects fjecregsmg t_he suitability of rearing habitat for | patterns.
depending on site- juvenile Chinook salmon._ Th|s may occur
specific current Fhroug_h a _number of spec_lflc stressors,
dynamics and project mcludm_g increased exertion and stress due to
configuration) ghange in curren_t and wave energy patterns:,
increased predation exposure due to reduction
Altered nearshore Year-round (W|th Permanent Seasonal in available cover or exposure to deep water
circulation patterns seasonally variable habitat, food web alterations and decreased
effects depending on foraging opportunity, and increased
site-specific geography competition for suitable habitats. The
and bathymetry, and combined effects of these stressors can result
project configuration) in decreased growth and productivity,
Altered sediment supply Year-round (beginning | Permanent Continuous decreased fitness for marine migration, and
with project installation direct mortality.
and becoming more
pronounced over time)
Altered substrate Year-round (beginning Permanent Continuous
composition with 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

ab o0:\proj\y2007\07-03621-000\word processing\reports\white papers\shoreline\appendix\apx-a\07-03621-000 apx-a matrix01-sho-chinook.doc

Working Draft-Do Not Cite
Shoreline Modification

Appendix A Table A-1 Page 8 of 29

Washington Department of Fish and Wildlife
March 2008




Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook Salmon.

drift.

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

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

under Riparian Vegetation Modification.

accumulations on the structures to
adjacent beaches where they would
otherwise be naturally deposited,
where appropriate during maintenance.

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 (short- | Change in habitat structure and habitat | Year-round (with Permanent Continuous Juveniles; Juveniles and adults: Wave energy, current Carefully evaluate project siting and May affect survival at juvenile life-
period waves) suitability; reduced food web predominant effects Adults velocity, sediment supply, substrate design and consider the magnitude of history stage. Decreased fitness may
complexity, habitat availability, and from fall through spring composition, and groundwater inputs are core | impact mechanisms produced by the lead to reduced spawning productivity.
suitability when wind-driven ecosystem processes and characteristics that project. Encourage selection of project
waves are most compose the nearshore ecosystem. Alteration | designs that minimize effects on
pronounced) in one or mare of these parameters can sediment supply, longshore drift
Altered current velocities Year-round (with Permanent Common fundamentally alter Iacustrin_e Iit_t(_)ral habita_ts, patterns, and wave energy and current
effects more potentially decreasing the suitability of rearing | patterns.
: : habitat for juvenile and migratory habitat for
predominant in . :
reSEerVOirs Versus adult Chinook salmon. T|.'1I.S may occur
through a number of specific stressors,
natural lakes) . . .
including increased exertion and stress due to
Altered nearshore Year-round (with Permanent Seasonal change in current and wave energy patterns,
circulation patterns variable effects by increased predation exposure due to reduced
season [e.g., circulation cover or exposure to deep water habitat, food
patterns]) web alterations and decreased foraging
Altered sediment supply Year-round Permanent Continuous opportunity, and increased competition for
: suitable habitats. The combined effect of
Altered _sybstrate Year-round Permanent Continuous these stressors can result in decreased growth
composition and productivity, decreased fitness for marine
Altered groundwater- Year-round Permanent Continuous migration, and direct mortality. Adult
surface water exchange 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.
Ecosystem Fragmentation
Marine
Habitat loss and Change in habitat structure and habitat | Year-round Permanent Continuous Juveniles All exposed life-history stages: Jetties can Require structures with the minimal May affect survival and productivity at
fragmentation suitability, as well as reduced food fragment nearshore marine rearing habitat, footprint necessary to achieve project juvenile life-history stage. Decreased
web complexity, habitat availability, forcing migrating and foraging salmonids to objectives. Avoid permitting projects fitness may affect survival and
and suitability navigate away from nearshore habitats. This in areas where significant cumulative productivity during ocean migration
stressor may increase exposure to predation, effects are already prevalent. life-history phase.
as well as stress and exertion, affecting
survival, growth, and fitness.
Loss of LWD recruitment Reduced availability of LWD from Year-round Permanent Continuous Juveniles See responses to altered habitat complexity Recommend moving LWD May affect juvenile survival.
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Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook Salmon.

Construction and
Maintenance Activities

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
Habitat loss and Change in habitat structure and habitat | Year-round Permanent Continuous Juveniles; All exposed life-history stages: Jetties can Require structures with the minimal May affect survival at juvenile life-
fragmentation suitability, reduced food web Adults fragment nearshore lacustrine rearing habitats, | footprint necessary to achieve project history stage. Decreased fitness may
complexity, and reduced habitat forcing migrating and foraging salmonids to objectives. Avoid permitting projects lead to reduced spawning productivity.
availability and suitability navigate offshore into deeper water in areas where significant cumulative
environments. This stressor may increase effects are already prevalent.
exposure to predation, as well as stress and
exertion, affecting survival, growth, and
fitness.
Loss of LWD recruitment Reduced availability of LWD from Year-round Permanent Continuous Juveniles See responses to altered allochthonous inputs Recommend moving LWD May affect juvenile survival.
drift. See altered allochthonous inputs and altered habitat complexity under Riparian | accumulations on the structures to
and altered habitat complexity Vegetation Modification. adjacent beaches where they would
stressors under Riparian Vegetation otherwise be naturally deposited,
Modification where appropriate during maintenance.

Breakwaters

Pile driving

Increased underwater noise levels

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

During project
construction and
maintenance activities

Interannual to
decadal (during
project construction
and maintenance)

Eggs and alevins;
Juveniles;
Adults

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

Rupture of egg membrane.

Fatal injury or permanent auditory tissue
damage limiting to survival.

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

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 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
Chinook spawning habitat is located in
areas unsuitable for breakwater
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 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.
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Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook Salmon.

dewatering

exclusion

construction and
maintenance activities

decadal (depending
on activity
frequency)

Juveniles;
Adults

from capture, handling, and relocation. Egg
relocation is impractical, likely leading to
mortality.

Adults and juveniles: Mortality, injury, or
stress from capture, handling, and relocation.
Juveniles: Increased competition once
relocated, reduced growth and fitness, and
increased predation exposure.

Adults: Delayed migration resulting in
decreased fitness and spawning success.

Fisheries and WDFW/WSDOT to
avoid and minimize impacts.

Sub- Exposure

activity Resulting Effects of the

Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Channel/work area Fish removal, relocation, and During project 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

is limited, as the majority of Chinook
spawning habitat is located in areas
unsuitable for breakwater
development. Should exposure occur,
however, direct mortality or injury is
highly likely. May cause direct injury
or mortality of juveniles and adults.
Stress may affect survival, growth and
fitness, and adult spawning
productivity.

Entrainment in pumps or impingement | During project Short-term Interannual to Eggs and alevins; Eggs and alevins, juveniles: Injury or Install and maintain pump screens Likelihood of egg and alevin exposure
on pump screens construction and decadal (depending Juveniles mortality from entrainment or impingement. consistent with WDFW protocols. is limited, as the majority of Chinook
maintenance activities on activity Adhere to system-specific in-water spawning habitat is located in areas
frequency) work windows, avoid use when unsuitable for breakwater
juveniles are present. 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.
Altered current and circulation During project Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, Limit alteration of current and May affect juvenile growth and
conditions construction and decadal (depending Adults increased stress, increased competition, circulation patterns to greatest extent fitness; may affect adult spawning
maintenance activities on activity decreased growth and fitness. practicable to minimal area. productivity.
frequency) Adults: Delayed migration, increased stress,
decreased spawning fitness.
Bed disturbance, increased turbidity During project Temporary Interannual to Eggs and alevins; Eqggs and alevins: Potential decreased egg Adhere to system-specific in-water May affect growth and fitness at
(associated with site rewatering) construction and decadal (depending Juveniles; incubation success and alevin survival due to work windows. Avoid work during juvenile life-history stage. May affect
maintenance activities on activity Adults turbidity exposure and substrate disturbance. egg incubation periods. adult fitness and spawning
frequency) 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 Short-term Interannual to Juveniles Juveniles: Short-term reduction in foraging Limit area of dewatering to the May affect growth and fitness at
abundance construction and decadal (depending opportunity, increased competition, decreased | greatest extent practicable. juvenile life-history stage.
maintenance activities on activity growth and fitness.
frequency)
Increased suspended solids During project Short-term Interannual to Eggs and alevins; All life-history stages: See responses to Limit area of dewatering to the See effects for related stressors under

construction and
maintenance activities

decadal (depending
on activity
frequency)

Juveniles;
Adults
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Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook Salmon.

dredging

characteristics

construction and
maintenance activities

Juveniles;
Adults

described under Hydraulic and Geomorphic
Modification.

Sub- Exposure

activity Resulting Effects of the

Type Mechanism of Impact Stressor When Duration Frequency Life-history Form Response to Stressor Minimization Measures Submechanism
Construction/maintenance Alteration of bathymetry and substrate | During project 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 Chinook
spawning habitat is located in areas
unsuitable for breakwater
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
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

Eggs and alevins;
Juveniles;
Adults

Eqggs 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 breakwater
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.

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.

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 Shoreline Modification 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

Altered dissolved oxygen levels

Dependent on

Temporary to short-

Intermittent to

Eggs and alevins;

All life-history stages: Mortality in acute low

Avoid sediment pulses.

Likelihood of egg and alevin exposure

contributing term (e.g., permanent Juveniles; dissolved oxygen events due to asphyxiation. is limited, as the majority of Chinook
mechanism of impact contaminant spill or (dependent on Adults spawning habitat is located in areas
discharge) to contributing unsuitable for breakwater
seasonal (e.g., mechanism of 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 Temporary to short- Intermittent to Juveniles; Juveniles and adults: Physiological responses | Avoid curing of concrete or discharge May affect survival and productivity
contributing term (depending on interannual-decadal Adults to pH levels outside of optimal thresholds, of concrete leachate to surface waters. | of juveniles and adults.

mechanism of impact

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced

fitness.

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 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 breakwater
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 Shoreline Modification Exposure and Response Matrix for Chinook Salmon.

survival, growth, and fitness.

Adults: Decreased foraging opportunity due
to decreased food web productivity.

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

Altered autochthonous Reduced food web productivity Year-round (most Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design: Limit project structural May affect juvenile growth and fitness.

production pronounced in spring due to decreased food web productivity and footprint to minimize shading of

and summer when decreased growth and fitness. aquatic vegetation to the greatest

vegetation growth is extent practicable.

most extensive) Construction: Avoid/minimize
Altered dissolved oxygen levels due to | Year-round (most Permanent Seasonal Juveniles Juveniles: See related stressor responses dlst_urbanc_e of aquatic vegetation See effects for related stressors under
reduced photosynthesis pronounced in spring under Water Quality Modification. during project construction. Water Quality Modification.

and summer when

vegetation growth is

most extensive)

Altered habitat complexity Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat May affect juvenile survival. May
reduced foraging opportunity, permanent Adults availability and foraging opportunities, affect adult growth and spawning
reduction in available cover (dependent on nature leading to increased competition and productivity.

of activity) predation exposure, resulting in decreased
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Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook 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

Riverine and Lacustrine

Altered autochthonous Reduced food web productivity Year-round (most Permanent Continuous Juveniles Juveniles: Reduced foraging opportunities Design:  Limit project structural May affect juvenile growth and fitness.

production pronounced in spring due to decreased food web productivity; footprint to minimize shading of

and summer when decreased growth and fitness. aquatic vegetation to the greatest

vegetation growth is extent practicable.

most extensive) Construction: Avoid/minimize
Altered dissolved oxygen levels due to | Year-round (most Permanent Seasonal Juveniles; Juveniles and adults: See related stressor disturbance of aquatic vegetation See effects for related stressors under
reduced photosynthesis pronounced in spring Adults responses under Water Quality Modification. | during project construction. Water Quality Modification.

and summer when

vegetation growth is

most extensive)

Altered habitat complexity Reduced food web productivity, Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat May affect juvenile survival, growth,
reduced foraging opportunity, permanent Adults availability and foraging opportunities, and fitness, as well as adult spawning
reduction in available cover (dependent on nature leading to increased competition and resulting productivity.

of activity) effects on growth and fitness.
Adults: Increased mortality; decreased fitness
and spawning success due to decreased
availability of suitable migratory and
spawning habitat.

Hydraulic and

Geomorphic Modification

Riverine

Altered channel geometry Change in habitat structure and habitat | Year-round Permanent Continuous Eggs and alevins; Eqggs and alevins: Changes in channel Carefully evaluate project siting and May affect survival at egg, alevin, and
suitability, reduced food web Juveniles: morphology, flow velocity, and substrate design and consider the magnitude of juvenile life-history stages. May affect
complexity, and reduced spawning and Adults composition can alter substrate composition impact mechanisms produced by the spawning productivity.

Altered flow velocity rearing habitat availability and Year-round (with Permanent Seasonal and stability, leading to decreased incubation | project. Encourage selection of project
suitability stressor exposure success and alevin survival. designs that minimize effects on

occurring during high- Juveniles: Altered channel geometry, flow channel geometry, flow velocity,
flow events, fall velocity, and substrate composition can result | substrate composition, and
through spring) in decreased rearing habitat suitability, and groundwater exchange to the greatest

Altered substrate Year round Permanent Continuous c_ha_n ges in_food web co_m_plexity._ This may extent practicable.

o . limit foraging opportunities and increase
composition (including ., . . .
competition for suitable habitats, leading to
placement of non-erodable : ;
substrate) decreased growth,_ fitness, and survival.
- - Adults: Changes in channel morphology may
Altered groundwater- Year-round (with Permanent Continuous lead to alteration of the migratory corridor and
surface water exchange stressor exposure a reduction in suitable resting habitat, leading
oceurring during egg to increased stress and decreased spawning
incubation and juvenile success. Changes in substrate composition
rearing) and stability resulting from altered channel
Addition of impervious Year-round Permanent Continuous geometry and flow velocity may lead to
surface 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.
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Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook Salmon.

Altered current velocities

Altered nearshore
circulation patterns

Altered sediment supply

Altered substrate
composition

suitability; reduced food web
complexity, habitat availability, and
suitability

stressor exposure
occurring in spring and
summer when juveniles
occupy nearshore
habitats for rearing)

Year-round (with
variable effects
depending on site-
specific current
dynamics and project
configuration)

Permanent

Intermittent

Year-round (with
seasonally variable
effects depending on
site-specific geography
and bathymetry, and
project configuration)

Permanent

Seasonal

Year-round (beginning
with project installation
and becoming more

pronounced over time)

Permanent

Continuous

Year-round (beginning
with 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])

Permanent

Continuous

sediment supply, substrate composition, and
groundwater inputs are core ecosystem
processes and characteristics that compose the
nearshore ecosystem. Alteration in one or
more of these parameters can fundamentally
alter marine littoral habitats, potentially
decreasing the suitability of rearing habitat for
juvenile Chinook salmon. This may occur
through a number of specific stressors,
including increased exertion and stress due to
change in current and wave energy patterns,
increased predation exposure due to reduction
in available cover or exposure to deep water
habitat, food web alterations and decreased
foraging opportunity, and increased
competition for suitable habitats. The
combined effects of these stressors can result
in decreased growth and productivity,
decreased fitness for marine migration, and
direct mortality.

design and consider the magnitude of
impact mechanisms produced by the
project. Encourage selection of project
designs that minimize effects on
sediment supply, longshore drift
patterns, and wave energy and current
patterns.

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 habitat | Year-round (with Permanent Continuous Juveniles Juveniles: Wave energy, current velocity, Carefully evaluate project siting and May affect survival and productivity at

juvenile life-history stage. Decreased
fitness may affect survival and
productivity during ocean migration
life-history phase.
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Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook 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 (short- | Change in habitat structure and habitat | Year-round (with Permanent Continuous Juveniles; Juveniles and adults: Wave energy, current Carefully evaluate project siting and May affect survival at juvenile life-

period waves) suitability; reduced food web predominant effects Adults velocity, sediment supply, substrate design and consider the magnitude of history stage. Decreased fitness may
complexity, habitat availability, and from fall through spring composition, and groundwater inputs are core | impact mechanisms produced by the lead to reduced spawning productivity.
suitability when wind-driven ecosystem processes and characteristics that project. Encourage selection of project

waves are most compose the nearshore ecosystem. Alteration | designs that minimize effects on
pronounced) in one or mare of these parameters can sediment supply, longshore drift

Altered current velocities Year-round (with Permanent Common fundamentally alter Iacustrin_e Iit_t(_)ral habita_ts, patterns, and wave energy and current

effects more potentially decreasing the suitability of rearing | patterns.
: : habitat for juvenile and migratory habitat for
predominant in . :
reSEerVOirs Versus adult Chinook salmon. T|.'1I.S may occur
through a number of specific stressors,
natural lakes) . . .
including increased exertion and stress due to
Altered nearshore Year-round (with Permanent Seasonal change in current and wave energy patterns,
circulation patterns variable effects by increased predation exposure due to reduced
season [e.g., circulation cover or exposure to deep water habitat, food
patterns]) web alterations and decreased foraging
Altered sediment supply Year-round Permanent Continuous opportunity, and increased competition for
: suitable habitats. The combined effect of
Altered _sybstrate Year-round Permanent Continuous these stressors can result in decreased growth
composition 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.

Ecosystem Fragmentation

Riverine

Alteration of predator/prey Increased predation exposure Year-round Permanent Continuous Juveniles Juveniles: Breakwaters provide three Require structures with the minimal May affect juvenile survival.

dynamics dimensional structure potentially attractive to footprint necessary to achieve project

lie-in-wait predators, potentially increasing objectives. Avoid permitting projects
predation exposure for juvenile salmonids in in areas where significant cumulative
the vicinity of the structure, leading to effects are already prevalent.
decreased survival.

Loss of LWD recruitment Sequestration of LWD, preventing Year-round Permanent Continuous Juveniles; See responses to altered habitat complexity No specific recommendations. May affect juvenile growth and
downstream recruitment. See altered Adults under Riparian Vegetation Modification. survival, as well as spawning success
habitat complexity stressors under and overall population productivity.
Riparian Vegetation Modification

Marine

Alteration of predator/prey Increased predation exposure Year-round Permanent Continuous Juveniles Juveniles: Breakwaters provide three Require structures with the minimal May affect juvenile survival.

dynamics dimensional structure potentially attractive to footprint necessary to achieve project

lie-in-wait predators, potentially increasing objectives. Avoid permitting projects
predation exposure for juvenile salmonids in in areas where significant cumulative
the vicinity of the structure, leading to effects are already prevalent.
decreased survival.
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Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook 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
Loss of LWD recruitment Reduced availability of LWD from Year-round Permanent Continuous Juveniles See responses to altered habitat complexity Recommend moving LWD May affect juvenile survival.
drift. under Riparian Vegetation Modification. accumulations on the structures to
Reduced recruitment of terrestrially adjacent beaches where they would
derived prey resources; reduced otherwise be naturally depOSited,
aquatic food web productivity due to where appropriate during maintenance.
reduced organic matter inputs
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
Lacustrine
Alteration of predator/prey Increased predation exposure Year-round Permanent Continuous Juveniles Juveniles: Breakwaters provide three Require structures with the minimal May affect juvenile survival.
dynamics dimensional structure potentially attractive to footprint necessary to achieve project
lie-in-wait predators, potentially increasing objectives. Avoid permitting projects
predation exposure for juvenile salmonids in in areas where significant cumulative
the vicinity of the structure, leading to effects are already prevalent.
decreased survival.
Loss of LWD recruitment Reduced availability of LWD from Year-round Permanent Continuous Juveniles See responses to altered allochthonous inputs Recommend moving LWD May affect juvenile survival.
drift. See altered allochthonous inputs and altered habitat complexity under Riparian | accumulations on the structures to
and altered habitat complexity Vegetation Modification. adjacent beaches where they would
stressors under Riparian Vegetation otherwise be naturally deposited,
Modification where appropriate during maintenance.
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Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook Salmon.

Sub-
activity
Type

Mechanism of Impact

Groins and Bank Barbs ‘

Construction and

Maintenance Activities

Exposure

Stressor

When

Duration

Frequency

Life-history Form

Response to Stressor

Minimization Measures

Resulting Effects of the
Submechanism

Pile driving Increased underwater noise levels During project 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-
construction and masking) to short- decadal (during Juveniles: dependent on noise magnitude and project- impact thresholds established by history stages, depending on project-
maintenance activities term (hearing project construction Adults specific environmental conditions; may range | NOAA Fisheries and USFWS in specific noise intensity and receptor

threshold effects) and maintenance) from: habitats used by species. Limit pile exposure. Should exposure occur,
Rupture of egg membrane. driving to in-water work windows. direct mortality or injury is probable.
Fatal injury or permanent auditory tissue Use double-confined bubble curtain to
damage limiting to survival. 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 Temporary (auditory | Interannual to Juveniles; Adults and juveniles: Auditory masking or Avoid/minimize cavitation to limit May affect survival, growth, and

operation levels construction and masking) to short- decadal (during Adults temporary hearing threshold effects may noise intensity. Promote use of vessels | fitness due to avoidance behavior,

maintenance activities

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 Short-term Interannual to Eggs and alevins; Eggs and alevins: Mortality, injury, or stress Use protocols established by NOAA Should exposure occur, direct
exclusion construction and decadal (depending Juveniles; from capture, handling, and relocation. Egg Fisheries and WDFW/WSDOT to mortality or injury is highly likely.
maintenance activities on activity Adults relocation is impractical, likely leading to avoid and minimize impacts. May cause direct injury or mortality of
frequency) mortality. juveniles and adults. Stress may affect
Adults and juveniles: Mortality, injury, or survival, growth and fitness, and adult
stress from capture, handling, and relocation. spawning productivity.
Juveniles: Increased competition once
relocated, reduced growth and fitness, and
increased predation exposure.
Adults: Delayed migration resulting in
decreased fitness and spawning success.
Entrainment in pumps or impingement | During project Short-term Interannual to Eggs and alevins; Eqggs and alevins, juveniles: Injury or Install and maintain pump screens Should exposure occur, direct

on pump screens

construction 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.

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.

ab o0:\proj\y2007\07-03621-000\word processing\reports\white papers\shoreline\appendix\apx-a\07-03621-000 apx-a matrix01-sho-chinook.doc

Working Draft-Do Not Cite
Shoreline Modification

Appendix A Table A-1 Page 19 of 29

Washington Department of Fish and Wildlife
March 2008




Table A-1 (continued).

HPA HCP Shoreline Modification Exposure and Response Matrix for Chinook 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 Short-term Interannual to Eggs and alevins; Eqggs and alevins: Potential redd scour and/or | Limit alteration of flow conditions to Should exposure occur, decreased

construction and decadal (depending Juveniles; sedimentation, resulting in decreased minimal area. survival is likely. May affect survival
maintenance activities on activity Adults incubation success. during egg and alevin life-history
frequency) Juveniles: Altered habitat suitability, stages; may affect juvenile growth and
increased stress, increased competition, fitness; may affect adult spawning
decreased growth and fitness. productivity.
Adults: Delayed migration, increased stress,
decreased spawning fitness.

Altered current and circulation During project Short-term Interannual to Juveniles; Juveniles: Altered habitat suitability, Limit alteration of current and May affect juvenile growth and

conditions (marine and lacustrine) construction and decadal (depending Adults increased stress, increased competition, circulation patterns to greatest extent fitness; may affect adult spawning
maintenance activities 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 Temporary Interannual to Eggs and alevins; Eqggs and alevins: Potential decreased egg Adhere to system-specific in-water May affect growth and fitness at
turbidity (associated with site construction and decadal (depending Juveniles; incubation success and alevin survival due to work windows. Avoid work during juvenile life-history stage. May affect
rewatering) maintenance activities on activity Adults turbidity exposure and substrate disturbance. egg incubation periods. adult fitness and spawning
frequency) 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 Short-term Interannual to Juveniles Juveniles: Short-term reduction in foraging Limit area of dewatering to the May affect growth and fitness at

abundance construction and decadal (depending opportunity, increased competition, decreased | greatest extent practicable. juvenile life-history stage.
maintenance activities on activity growth and fitness.

frequency)

Increased suspended solids During project Short-term Interannual to Eggs and alevins; All life-history stages: See responses to Limit area of dewatering to the See effects for related stressors under
construction and decadal (depending Juveniles: related stressors under Water Quality greatest extent practicable. Follow Water Quality Modification.
maintenance activities on activity Adults Modification. established protocols for dewatering

frequency) and rewatering.
Construction/maintenance Alteration of bathymetry and substrate | During project Permanent Interannual-decadal Eggs and alevins; All life-history stages: See responses Avoid fill or, if unavoidable, restore Should exposure occur, direct

dredging

characteristics construction and Juveniles: described under Hydraulic and Geomorphic currently filled or degraded shallow mortality or injury is highly likely.
maintenance activities Adults Modification. shoreline habitats. See effects for related stressors under
Hydraulic and Geomorphic
Modification.
Aquatic vegetation removal and During project Intermediate-term Interannual—-decadal Juveniles; Juveniles and adults: See responses described | Limit dredging-related disturbance of See effects for related stressors under
delayed recovery construction and Adults under Aquatic Vegetation Modification. submerged aquatic vegetation to the Riparian and Aquatic Vegetation

maintenance activities

greatest extent practicable through
project siting.

Modification.
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Table A-1 (continued).

HPA HCP Shoreline Modification 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

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: 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.

Should exposure occur, 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.

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.

Altered dissolved oxygen levels

Dependent on

Temporary to short-

Intermittent to

Eggs and alevins;

All life-history stages: Mortality in acute low

Avoid sediment pulses.

Should exposure occur, stressor may

contributing term (e.g., permanent Juveniles; dissolved oxygen events due to asphyxiation. affect survival. May affect juvenile
mechanism of impact contaminant spill or (dependent on Adults survival and productivity as well as
discharge) to contributing adult survival, productivity, and
seasonal (e.g., mechanism of spawning success.
reduced submerged impact)
aquatic vegetation
productivity due to
changes in ambient
light patterns),
dependent on
contributing
mechanism of impact
Altered pH levels (freshwater only) Dependent on Temporary to short- Intermittent to Juveniles; Juveniles and adults: Physiological responses | Avoid curing of concrete or discharge May affect survival and productivity
contributing term (depending on interannual-decadal Adults to pH levels outside of optimal thresholds, of concrete leachate to surface waters. | of juveniles and adults.

mechanism of impact

contributing
mechanism of
impact)

(dependent on
contributing
mechanism of
impact)

causing mortality or injury leading to reduced
fitness.
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Table A-1 (continued).

HPA HCP Shoreline Modification 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

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.

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

Riparian Vegetation
Modification

Riverine

Altered shading, solar input
and ambient air temperature

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: 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.

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-1 (continued).

HPA HCP Shoreline Modification 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

Altered stream bank and

Increased suspended solids; decreased

Year-round (with

Intermediate-term to

Continuous to

Eggs and alevins;

Eggs/alevins: Decreased incubation success

Avoid/minimize disturbance of

Should exposure occur, stressor may

shoreline stability redd dissolved oxygen; decreased area | specific stressors long-term (dependent | seasonal (dependent Juveniles; due to decreased redd dissolved oxygen as riparian vegetation. Maintain system- | affect survival. May affect survival,
of suitable spawning habitat; reduced prominent during high on time required for on specific stressor) Adults described for related stressor responses under | appropriate riparian buffer widths to growth, and fitness during juvenile
habitat complexity (e.g., filling of flow conditions) riparian recovery) Water Quality Modification. the greatest extent possible. rearing. May affect adult survival and
pools) Juveniles: Decreased refuge habitat spawning productivity.

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.

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 and riparian vegetation. Maintain system-
aquatic food web productivity due to decreased growth and fitness. appropriate riparian buffer widths to
reduction in organic matter inputs the greatest extent possible.

Altered habitat complexity Reduced recruitment of large woody Year-round Short-term to Continuous Juveniles; Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile growth and
debris, affecting habitat structure, permanent Adults availability and foraging opportunities, permanent alteration of high-quality survival, as well as spawning success
hydraulic and substrate complexity, (dependent on nature leading to increased competition and resulting | habitat features. and overall population productivity.
and availability of organic substrate. of activity) effects on growth and fitness.

Reduced food web productivity, Adults: Increased mortality; decreased fitness
reduced foraging opportunity, and spawning success due to decreased
reduction in available cover, reduction availability of suitable migratory and

in available spawning habitat spawning habitat.

(freshwater)

Altered groundwater— Reduced available suitable spawning Year-round Permanent Continuous Eggs and alevins; Eqggs and alevins: Decreased incubation Avoid disturbance of vegetation along | May affect survival of eggs and

surface water exchange habitat; reduced gravel dissolved Adults success. stream. alevins, as well as adult spawning
oxygen Adults: Decrease in suitable spawning productivity.

habitat, increased competition, decreased
spawning fitness and success.
Marine
Altered shading, solar input | Expansion of thermal regime (i.e., Year-round, Long-term to Seasonal Juveniles Juveniles: Riparian shade and ambient Avoid/minimize disturbance of May affect juvenile growth and

and ambient air temperature

increased summer temperatures)

(pronounced in 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 marine tidal and current patterns,
wind conditions, and other factors. However,
juveniles 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 and decreased fitness.

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

survival.
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Table A-1 (continued).

HPA HCP Shoreline Modification 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

Altered shoreline and bluff Increased suspended solids; secondary | Year-round (with Intermediate-termto | Continuous to Juveniles Juveniles: Decreased refuge habitat Avoid/minimize disturbance of May affect juvenile survival.
stability effects on habitat complexity (e.g., primary stressor long-term (dependent | seasonal (dependent availability and foraging opportunities, riparian vegetation. Maintain system-
through change in substrate prominent during high on time required for on specific stressor) leading to increased competition and resulting | appropriate riparian buffer widths to
composition, smothering of aquatic wave energy riparian recovery) effects on growth and fitness. Potential the greatest extent possible.
vegetation) conditions) 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 Permanent Continuous Juveniles Juveniles: Chinook dependence on Avoid/minimize disturbance of May affect juvenile growth and fitness.
inputs derived prey resources; reduced exposure occurs during allochthonous inputs from marine riparian riparian vegetation. Maintain system-
aquatic food web productivity due to nearshore rearing vegetation is a data gap. However, Chinook appropriate riparian buffer widths to
reduced organic matter inputs period in spring and are known to utilize terrestrial insect resources | the greatest extent possible.
summer) recruited from the riparian zone. Alteration of
vegetation will therefore result in decreased
foraging opportunities, decreased growth and
fitness, and decreased productivity.
Altered habitat complexity Reduced recruitment of large woody Year-round (stressor Short-term to Continuous Juveniles Juveniles: Decreased refuge habitat Encourage project designs that limit May affect juvenile survival.
debris, affecting habitat structure, exposure occurs during | permanent availability and foraging opportunities, permanent alteration of high quality
hydraulic and substrate complexity, nearshore re