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3.7 MARINE VEGETATION

MARINE VEGETATION SYNOPSIS

The United States Department of the Navy considered all potential stressors, and the following
have been analyzed for marine vegetation:

e Acoustic (underwater explosives)
e Physical disturbance and strike (vessel and in-water device strikes, military expended
materials, and seafloor devices)

Preferred Alternative (Alternative 1)

e No Endangered Species Act-listed marine vegetation species are found in the Northwest
Training and Testing Study Area.

e Acoustic and Physical Disturbance and Strike: Underwater explosives and physical
disturbance and strike could affect marine vegetation by destroying individual plants or
damaging parts of plants. The impacts of these stressors are not expected to result in
detectable changes in growth, survival, or propagation that would result in population-
level impacts on marine plant species.

e Secondary: Secondary stressors are not expected to result in detectable changes in
growth, survival, propagation, or population-level impacts because changes in sediment
and water quality or air quality are not likely to be detectable.

e These conclusions are based on the fact that the areas of impact are very small compared
to the relative distribution and the locations where explosions or physical disturbance or
strikes occur.

® Pursuant to the Essential Fish Habitat (EFH) requirements of the Magnuson-Stevens
Fishery Conservation and Management Act and implementing regulations, the use of
explosives and other impulsive sources, vessel movement, in-water devices, military
expended materials, and seafloor devices during training and testing activities may have
an adverse effect on EFH by reducing the quality and quantity of marine vegetation that
constitutes EFH or Habitat Areas of Particular Concern.

3.7.1 INTRODUCTION

This section analyzes potential impacts on marine vegetation found in the Northwest Training and
Testing (NWTT) Study Area (Study Area). Pierside maintenance and testing that would occur in the
Offshore Area, Inland Waters (Puget Sound), and in Southeast Alaska (Behm Canal), would not create
stressors affecting marine vegetation and, therefore, pierside maintenance and testing are not
addressed in this section. Marine vegetation, including marine algae and flowering plants, are found
throughout the Study Area. No Endangered Species Act (ESA)-listed marine vegetation species are found
in the Study Area. United States (U.S.) Department of the Navy (Navy) training and testing activities are
evaluated for their potential impacts on six major taxonomic groups of marine vegetation, as
appropriate (Table 3.7-1).

Essential Fish Habitat (EFH) under the Magnuson-Stevens Fishery Conservation and Management Act
will be described in the Essential Fish Habitat Assessment (EFHA), and conclusions from the EFHA will be
summarized in each substressor section. The EFHA is located on the NWTT EIS website,
www.nwtteis.com.
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The distribution and condition of offshore abiotic (non-living) substrates associated with attached
macroalgae and the impact of stressors on those substrates are described in Section 3.3 (Marine

Habitats).

Additional information on the biology, life history, and conservation of marine vegetation can be found

on the websites o

f the following agencies and groups:

e National Marine Fisheries Service, Office of Protected Resources (including ESA-listed species
distribution maps)

e Conservation International

o Algaebase

e National Resources Conservation Service

e National Museum of Natural History

The marine vegetation found in the Study Area consists of five groups of marine algae and one group of
flowering plants (Table 3.7-1). More information on each of the major taxonomic groups is provided in
the offshore, inshore, and southeast Alaska section discussions in Section 3.7.2 (Affected Environment).

Table 3.7-1: Major Taxonomic Groups of Marine Vegetation in the Study Area

Marine Vegetation Groups?

Distribution in the Study Area?

Common Name
(Taxonomic
Group)

Description

Offshore
Area

Inland
Waters

Western
Behm Canal
(Alaska)

Dinoflagellates
(phylum
Dinophyta)

Most are photosynthetic single-celled algae
that have two whip-like appendages
(flagella); Some live inside other organisms.
Some produce toxins that can result in red
tides or ciguatera poisoning.

Sea surface

Sea surface

Sea surface

Blue-green algae
(phylum

Many form mats that attach to reefs and
produce nutrients for other marine species

Sea surface

Seafloor

Seafloor

Cyanobacteria) through nitrogen fixation.

?felﬂrslgae Marine species occur as unicellular algae, None Sea surface, | Sea surface,
pny filaments, and large seaweeds. seafloor seafloor
Chlorophyta)

Diatoms, brown
and golden-brown

Single-celled algae that form the base of the
marine food web; brown and golden-brown

Sea surface,

Sea surface,

algae algae are large multi-celled seaweeds that Sea surface seafloor seafloor

(phylum form extensive canopies, providing habitat

Heterokontophyta) | and food for many marine species.

Zicjllilr%ae Single-cellgd algae and multi-celled large Sea surface Seafloor Seafloor
seaweeds; some form calcium deposits.

Rhodophyta)

Seagrass and Flowering plants are adapted to salty

cordgrass marine environments in mudflats and None Seafloor Seafloor

(phylum marshes, providing habitat and food for

Spermatophyta) many marine species.

1 Species groups are based on the Catalogue of Life (Bisby et al. 2010).
2 “None” indicates absence of the taxonomic group within the Study Area portion (see map of the Study Area in Figure 2.1-1).
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3.7.2 AFFECTED ENVIRONMENT

Factors that influence the distribution and abundance of vegetation in the large marine ecosystems and
open ocean areas of the Study Area are the availability of light, nutrients, water quality, water clarity,
salinity level, seafloor type (important for rooted or attached vegetation), currents, tidal schedule, and
temperature (Green and Short 2003). Marine ecosystems in the Study Area depend almost entirely on
the energy produced by photosynthesis of marine plants and algae (Castro and Huber 2000), which is
the transformation of the sun’s energy into chemical energy. In surface waters of the open ocean and
coastal waters, as well as within the portion of the water column illuminated by sunlight, marine algae
and flowering plants provide oxygen, food, and habitat for many organisms (Dawes 1998).

Marine vegetation along the Pacific Northwest coast is represented by more than 700 varieties of
seaweeds (such as corallines and other red algae, brown algae including kelp, and green algae),
seagrasses (Dethier 1990; Berry and Ritter 1995; Wyllie-Echeverria and Ackerman 2003), and
canopy-forming kelp species (Eissinger 2009). Red algae are the most diverse of the macroalgae in the
Pacific Northwest, based on number of genera (about 115) and species (at least 265) (Waaland 1977). In
intertidal and shallow subtidal areas, red algae often occupy the understory of the larger kelp. Green
algae are the second most common vegetation in the intertidal areas of the Strait of Juan de Fuca (Bailey
et al. 1998). Brown algae, such as the kelp beds in the Pacific Northwest, are among the most extensive
and elaborate in the world. Kelp beds extend into the Strait of Juan de Fuca to Crescent Rock; however,
they are uncommon in Dabob Bay and northern Hood Canal. In the Behm Canal near the Southeast
Alaska Acoustic Measurement Facility (SEAFAC) portion of the Study Area, the marine vegetation mainly
occurs in the near coastal waters around Back Island and includes green, brown, and red algae on rocky
substrates, and some eelgrass on sandy substrates (U.S. Department of the Navy 1988). The rest of the
SEAFAC area is composed of soft substrate outside of the photic zone and therefore lacks marine
vegetation.

Certain species of microscopic algae (dinoflagellates and diatoms, for example) can form algal blooms,
which can be toxic to human health and wildlife species. Harmful algal blooms can deplete oxygen
within the water column and block sunlight that other organisms need to live, and some algae within
algal blooms release toxins that are dangerous to human and ecological health (Center for Disease
Control and Prevention 2004). These algal blooms have a negative economic impact of hundreds of
millions of dollars annually world-wide (National Centers for Coastal Ocean Science 2010) with
significant losses incurred by closed commercial fisheries and the public health costs of illnesses.

The marine vegetation in the taxonomic groups of seagrass and cordgrass has more limited
distributions; none occur in open ocean areas. The relative distribution of seagrass is influenced by the
availability of suitable substrate in low-wave-energy areas at depths that allow sufficient light exposure.
Cordgrasses form dense colonies in salt marshes that develop in temperate areas in protected,
low-energy environments, along the intertidal portions of coastal lagoons, tidal creeks or rivers, or
estuaries, wherever the sediment can support plant root development (Mitsch et al. 2009).

3.7.2.1 General Threats

Stressors on marine vegetation are products of human activities (industrial, residential, and
recreational) and natural occurrences such as storms. Species-specific information is discussed, where
applicable, in Section 3.7.2.2 (Marine Vegetation Groups and Distribution), and the cumulative impacts
of these threats are analyzed in Chapter 4 (Cumulative Impacts).

MARINE VEGETATION 3.7-3
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Human-made stressors that act on marine vegetation include excessive nutrient input (fertilizers, etc.),
siltation (the addition of fine particles to the ocean), pollution (oil, sewage, trash), climate change,
overfishing (Mitsch et al. 2009, Steneck et al. 2002), shading from structures (National Marine Fisheries
Service 2002), habitat degradation from construction and dredging (National Marine Fisheries Service
2002), and invasion by exotic species (Hemminga and Duarte 2000, Spalding et al. 2003). The seagrass,
and cordgrass taxonomic group is more sensitive to stressors than the algal taxonomic groups. The great
diversity of algae makes generalization difficult but, overall, algae are resilient and colonize disturbed
environments (Levinton 2009b).

Seagrasses and cordgrasses are all susceptible to the human-made stressors on marine vegetation, and
their presence in the Study Area has decreased because of these stressors. Each of these types of
vegetation is sensitive to additional unique stressors. Seagrasses are uprooted by dredging and scarred
by boat propellers (Hemminga and Duarte 2000, Spalding et al. 2003). Seagrass beds that are scarred
from boat propellers can take years to recover. Cordgrasses are damaged by sinking salt marsh habitat,
a process known as marsh subsidence.

Oil in runoff from land-based sources, natural seeps, and accidental spills (such as offshore drilling and
oil tanker leaks) is a major source of pollution in the marine environment (Levinton 2009a). The types
and amounts of oil spilled, weather conditions, season, location, oceanographic conditions, and the
method used to remove the oil (containment or chemical dispersants) are some of the factors that
determine the severity of the effects. Sensitivity to oil varies among marine vegetation species and
within species, depending on the life stage; generally, early-life stages are more sensitive than adult
stages (Hayes et al. 1992).

Oil pollution can impact seagrasses directly by smothering the plants, or indirectly by lowering their
ability to combat disease and other stressors (U.S. National Response Team 2010). Seagrasses that are
totally submerged are less susceptible to oil spills because they largely escape direct contact with the
pollutant. Depending on various factors, oil spills such as the Gulf War oil spill in 1991 (Kenworthy et al.
1993) range from no impact on seagrasses to long-term impacts, such as the 4-year decrease in eelgrass
density caused by the Exxon Valdez oil spill in 1989 (Peterson 2001). Algae are relatively resilient to oil
spills. Salt marshes can also be severely impacted by oil spills, and the effects can be long term
(Culbertson et al. 2008).

3.7.2.2 Marine Vegetation Groups and Distribution
3.7.2.21 Dinoflagellates (Phylum Dinophyta)

Dinoflagellates are single-celled organisms with two flagella (whiplike structures used for locomotion) in
the phylum Dinophyta (Bisby et al. 2010). Dinoflagellates are predominantly marine algae, with an
estimated 1,200 species living in surface waters of the ocean worldwide (Castro and Huber 2000). Most
dinoflagellates can use the sun’s energy to produce food through photosynthesis and also can ingest
small food particles. Photosynthetic dinoflagellates are important primary producers in coastal waters
(Waggoner and Speer 1998). Organisms such as zooplankton (microscopic animals that drift passively in
the water column), feed on dinoflagellates. In the oceanic system, dinoflagellates utilize a suite of light
harvesting compounds to convert solar energy into chemical energy, the most common being
Chlorophyll a. Rates of photosynthetic production can vary from between less than 0.1 gram of carbon
(gC)/square meter (m?)/day in less productive regions, such as the western equatorial Pacific, to more
than 10 gC/m?/day in highly productive areas (Thurman 1997).

MARINE VEGETATION 3.7-4
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Dinoflagellates cause some types of harmful algal blooms which result from sudden increases in
nutrients (e.g., fertilizers) from land into the ocean or changes in temperature and sunlight (Levinton
2009c). About 75-80 percent of toxic phytoplankton species are dinoflagellates (Cembella 2003) and are
known to cause harmful algal blooms. Harmful algal blooms often kill fish and shellfish either directly,
because of toxin production, or because of effects caused by large numbers of cells that clog the
animal’s gills and deplete them of oxygen (Smayda 1997). When affected shellfish or fish are eaten by
humans, they cause diseases like paralytic shellfish poisoning, neurotoxic shellfish poisoning, diarrheic
shellfish poisoning, and ciguatera (Lehane and Lewis 2000). Additional information on harmful algal
blooms can be accessed on the Centers for Disease Control and the National Oceanic and Atmospheric
Administration websites.

3.7.2.2.1.1 Offshore Area

The coast of the Pacific Northwest supports high primary productivity (Sutor et al. 2005). Because most
dinoflagellates are photosynthetic and use Chlorophyll a to undergo the photosynthetic process,
concentrations of Chlorophyll @ measured in the Offshore Area can indicate the presence and
population density of dinoflagellates. Concentrations greater than 3.0 milligrams of chlorophyll per cubic
meter (mg chl/m3) are present throughout the spring, summer, and fall within 40 kilometers (km) of
shore, and rarely expand beyond 100 km offshore (Thomas and Strub 2001). Lowest concentrations

(< 0.25 mg chl/m?3) are usually located over 200 km offshore and intrude towards the coast in
mid-summer (June—July). Each year, two blooms occur, one in spring and another in summer. The timing
of the first bloom varies, occurring from early April to May. The second offshore expansion typically
occurs in August (Thomas and Strub 2001). Dinoflagellates produce some of the Chlorophyll a detected
in the Offshore Area (Figure 3.7-1). The distribution of dinoflagellates depends on factors such as light
intensity, salinity, water temperature, currents, topography, nutrients, reproductive cycles, and
predators (Richlen and Lobel 2011).

3.7.2.2.1.2 Inland Waters

Most Chlorophyll a production in the Inland Waters is detected in the Strait of Juan de Fuca (Figure
3.7-1), which is where the highest concentrations of phytoplankton such as dinoflagellates will occur.

3.7.2.2.1.3 Western Behm Canal, Alaska

A study of sea surface chlorophyll concentrations for southeastern Alaska conducted in 2004 shows
increased phytoplankton biomass near the Western Behm Canal portion of the Study Area between
June and August (SALMON Project 2004). These late summer blooms of phytoplankton are triggered by
wind driven vertical mixing of nutrients (lverson et al. 1974, Ziemann et al. 1991). Dinoflagellates
produce some of the Chlorophyll a detected in this portion of the Study Area.

3.7.2.2.2 Blue-Green Algae (Phylum Cyanobacteria)

Blue-green algae are single-celled, photosynthetic bacteria that inhabit the lighted surface waters and
seafloors of the world’s oceans (Bisby et al. 2010). Blue-green algae are key primary producers in the
marine environment, and provide valuable ecosystem services such as producing oxygen and nitrogen.
The blue-green algae Prochlorococcus is responsible for a large part of the oxygen produced globally by
photosynthetic organisms. Other species of blue-green algae have specialized cells that convert nitrogen
gas into a form that can be used by other marine plants and animals (nitrogen fixation) (Hayes et al.
2007; Sze 1998).

MARINE VEGETATION 3.7-5
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3.7.2.2.2.1 Offshore Area

The coast of the Pacific Northwest supports high primary productivity (Sutor et al. 2005). Concentrations
greater than 3.0 mg chl/m? are present throughout the spring, summer, and fall within 40 km of shore,
and rarely expand beyond 100 km offshore (Thomas and Strub 2001). Lowest concentrations (< 0.25 mg
chl/m?3) are usually located over 200 km offshore and intrude towards the coast in mid-summer (June—
July). Each year, two blooms occur, one in spring and another in summer. The timing of the first of these
episodes varies, occurring from early April to May. The second offshore expansion typically occurs in
August (Thomas and Strub 2001). Blue-green algae produce some of the Chlorophyll a detected in the
Offshore Area (Figure 3.7-1).

3.7.2.2.2.2 Inland Waters

Most Chlorophyll a production in the Inland Waters is detected in the Strait of Juan de Fuca (Figure
3.7-1), which is where the highest concentrations of phytoplankton such as blue-green algae occurs. The
inland waters show less variability in Chlorophyll a production than the Offshore Area.

Figure 3.7-1: Chlorophyll a Concentrations in the Northwest Training and Testing Study Area

3.7.2.2.2.3 Western Behm Canal, Alaska

A study of sea surface chlorophyll concentrations for southeastern Alaska conducted in 2004 shows
increased phytoplankton biomass near the Western Behm Canal portion of the Study Area between
June and August (SALMON Project 2004). These late summer blooms of phytoplankton are triggered by
wind-driven vertical mixing of nutrients (lverson et al. 1974, Ziemann et al. 1991). Blue-green algae
produce some of the Chlorophyll a detected in this portion of the Study Area.

MARINE VEGETATION 3.7-6
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3.7.2.2.3 Green Algae (Phylum Chlorophyta)

Green algae are single-celled organisms in the phylum Chlorophyta that may form large colonies of
individual cells (Bisby et al. 2010). Green algae are predominately found in freshwater, with only

10 percent of the estimated 7,000 species living in the marine environment (Castro and Huber 2000).
These species are important primary producers that play a key role at the base of the marine food web.

3.7.2.2.3.1 Offshore Area

Green algae are less common in the exposed areas of the outer coast. However, sometimes they are
found to occur on the sea surface and sea floor of the Offshore Area (Bailey et al. 1998). Green algae
produce some of the Chlorophyll a detected in the Offshore Area (see Figure 3.7-1).

3.7.2.2.3.2 Inland Waters

Green algae inhabit the more protected marine and estuarine areas in Washington, primarily in tide
pools and rocky intertidal areas. They are the second most common vegetation in the intertidal areas of
the Strait of Juan de Fuca (Bailey et al. 1998). The green algae community primarily is in the upper

330 feet (ft.) (100 meters [m]) of the water column. The distribution of phytoplankton depends on
factors such as light intensity, salinity, water temperature, currents, topography, nutrients, reproductive
cycles, and predators (Smith 1977, Strub et al. 1990, Batchelder et al. 2002). During the spring and
summer, the upwelling of nutrient-rich waters into the surface layers combines with high solar radiation
and long days to produce huge numbers of these tiny plants (Strub et al. 1990, Batchelder et al. 2002,
Perry et al. 1989).

3.7.2.2.3.3 Western Behm Canal, Alaska

A study of sea surface chlorophyll concentrations for southeastern Alaska conducted in 2004 shows
increased phytoplankton biomass near the Western Behm Canal portion of the Study Area between
June and August (SALMON Project 2004). These late summer blooms of phytoplankton are triggered by
wind-driven vertical mixing of nutrients (lverson et al. 1974, Ziemann et al. 1991). Green algae produce
some of the Chlorophyll a detected in this portion of the Study Area. In addition to single cellular green
algae, there are various species of green macroalgae in this portion of the Study Area, such as
Acrosiphonia mertensii, Enteromorpha linza, and Cladophora columbiana (Guiry and Guiry 2013).

3.7.2.2.4 Brown Algae (Phylum Heterokontophyta)

Brown and golden-brown algae can be single-celled (diatoms) or large, multi-celled species with
structures varying from filamentous to thick, leathery forms.

3.7.2.2.4.1 Diatoms

Diatoms are single-celled organisms with cell walls made of silicon dioxide. Two major groups of diatoms
are generally recognized, centric diatoms and pennate diatoms. Centric diatoms exhibit radial symmetry
(symmetry about a point), while the pennate diatoms are bilaterally symmetrical (symmetry about a
line). Diatoms such as Coscinodiscus species (spp.) commonly occur in the Study Area. Some strains of
another genus of diatoms, Pseudo-nitzschia, produce a toxic compound called domoic acid. Humans,
marine mammals, and seabirds become sick or die when they eat organisms that feed on
Pseudo-nitzschia strains that produce the toxic compound. Strains of another genus of diatoms,
Alexandrium, produce a toxic bloom causing paralytic shellfish poisoning. Blooms that result in
catastrophic losses of cultured and wild fish, but do not cause illness in humans are caused by a few
species of the diatom genus Chaetoceros, which clogs fish gills (Boesch et al. 1997). Decreases in the
movement of cool, nutrient-rich waters by the wind in combination with pollutants carried from land to
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the ocean by rainwater are believed to be the main causes of these harmful algal blooms in the Study
Area (Kudela and Cochlan 2000). Researchers in the Olympic coastal region, which occurs in the Study
Area, are testing the hypothesis that these harmful algal bloom events affecting coastal communities
are largely caused by toxic algal species growing in the vicinity of the Juan de Fuca eddy which are

transported to nearshore waters by storms (National Oceanic and Atmospheric Administration 2013).

Offshore Area

The diatom community primarily is in the upper 330 ft. (100 m) of the water column (Walsh et al. 1977,
Estrada and Blasco 1979, Hardy 1993). The distribution of diatoms depends on factors such as light
intensity, salinity, water temperature, currents, topography, nutrients, reproductive cycles, and
predators (Smith 1977, Strub et al. 1990, Batchelder et al. 2002). The coast of the Pacific Northwest
supports a high density of diatoms (Sutor et al. 2005). During the spring and summer, the upwelling of
nutrient-rich waters into the surface layers combines with high solar radiation and long days to produce
huge numbers of these tiny cells (Strub et al. 1990, Batchelder et al. 2002, Perry et al. 1989).

Inland Waters

Most Chlorophyll a production in the Inland Waters is detected in the Strait of Juan de Fuca (see Figure
3.7-1), which is where the highest concentrations of phytoplankton such as diatoms will occur.

Western Behm Canal, Alaska

Diatoms are known to occur in the sea surface and sea floor of the southeast Alaska portion of the Study
Area. The main diatom species in this portion of the Study Area are Thalassiosira, Skeletonema, and
Chaetoceros (Waite et al. 1992).

3.7.2.2.4.2 Other Brown Algae Species

Most brown algae species are attached to the seafloor in coastal waters, although Sargassum may occur
in a free-floating form in the Study Area (Eissinger 2009).Two species of brown algae dominate the
Pacific Northwest, bull kelp (Nereocystis leutkeana) and giant kelp (Macrocystis intergrifolia). Bull kelp
(Nereocystis luetkeana) can grow up to 5 inches (in.) (13 centimeters [cm]) per day (Dayton 1985). Bull
kelp attaches to rocky substrate, and can grow up to 164 ft. (50 m) in length in nearshore areas. The
giant kelp (Macrocystis intergrifolia) can live up to 8 years, and can reach lengths of 197 ft. (60 m). The
leaf-like fronds can grow up to 24 in. (61 cm) per day (Leet et al. 2001). Sargassum (Sargassum muticum)
is a non-indigenous brown algae from Asia and elsewhere that has been established in the Pacific
Northwest for decades (Eissinger 2009).

Offshore Area

Kelp and Sargassum may occur in the sea surface of the Offshore Area of the Study Area. In turbid
waters, the offshore edge of kelp beds occurs at depths of 50—60 ft. (15—18 m), which can extend to a
depth of 100 ft. (30 m). The highest densities and most persistent kelp beds occur on solid rock
substrate with moderately low relief and moderate sand coverage (Foster and Schiel 1985, Graham
1997). Sargassum, however, is least common along the outer coast, and offshore section of the Study
Area (Shaffer 1998). Distribution of kelp and Sargassum in the Offshore Area is depicted in Figure 3.7-2.

Inland Waters

Kelp and Sargassum are known to occur in the sea surface and sea floor of the Inland Waters of the
Study Area. Sargassum is common along the shorelines of the Hood Canal, San Juan Archipelago, and
Strait of Georgia, whereas kelp is mostly found in the Strait of Juan de Fuca (Figure 3.7-2).
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Figure 3.7-2: Kelp and Sargassum in the Northwest Training and Testing Study Area
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Western Behm Canal, Alaska

Rockweed and kelp are known to occur in the sea surface and sea floor of the Western Behm Canal
portion of the Study Area. Common species of rockweed and kelp in the Western Behm Canal portion of
the Study Area include Fucus distichus and Agarum marginata (Guiry and Guiry 2013).

3.7.2.2.5 Red Algae (Phylum Rhodophyta)

Red algae are predominately marine, with approximately 4,000 species worldwide (Castro and Huber
2000). Red algal species exist in a range of forms, including single and multicellular forms (Bisby et al.
2010)—from fine filaments to thick calcium carbonate crusts.

3.7.2.2.5.1 Offshore Area

Red algae, such as Rhodomela larix, are known to occur in the sea surface of the Offshore Area of the
Study Area (Guiry and Guiry 2013).

3.7.2.2.5.2 Inland Waters

Red algae are known to occur on the sea floor of the Inland Waters of the Study Area. Within this
portion of the Study Area, a common species is Mastocarpus papillatus which is found in the waters of
Puget Sound, the Strait of Georgia, and the Strait of Juan de Fuca (Lindstrom 2005).

3.7.2.2.5.3 Western Behm Canal, Alaska

In the Western Behm Canal portion of the Study Area shallow waters with rocky substrate are known to
support red alga (Rhodomela larix) and even deeper waters were observed to be mainly sand substrates
with patches of some red algae (U.S. Department of the Navy 1988).

3.7.2.2.6 Seagrasses and Cordgrasses (Phylum Spermatophyta)

Seagrasses and cordgrasses are flowering marine plants in the phylum Spermatophyta (Bisby et al.
2010). These marine flowering plants create important habitat for many marine species (Harborne et al.
2006, Heck et al. 2003, National Oceanic and Atmospheric Administration 2001). Cordgrasses are
temperate salt-tolerant land plants that inhabit salt marshes, mudflats, and other soft-bottom coastal
habitats (Castro and Huber 2000). Salt marshes develop in intertidal, protected low-energy
environments, usually in coastal lagoons, tidal creeks, rivers, or estuaries (Mitsch et al. 2009).

Seagrasses are unique among flowering plants because they grow submerged in shallow marine
environments. Except for some species that inhabit the rocky intertidal zone, seagrasses grow in
shallow, subtidal, or intertidal sediments, and can extend over a large area to form seagrass beds
(Garrison 2004; Phillips and Mefiez 1988). Seagrass beds provide habitat for numerous vertebrates and
invertebrates, including nurseries for commercially important crustaceans, fish, and shellfish (Harborne
et al. 2006; Heck et al. 2003; National Oceanic and Atmospheric Administration 2001). Additionally,
seagrass beds combat coastal erosion, promote nutrient cycling through the breakdown of detritus
(Dawes 1998), and improve water quality. Seagrasses also contribute a high level of primary production
to the marine environment, which supports high species diversity and biomass (Spalding et al. 2003).

3.7.2.2.6.1 Offshore Area

In the Pacific Northwest the dominant native seagrasses are eelgrass (Zostera marina) and surfgrass
(Phyllospadix spp.) (den Hartog 1970). Eelgrass grows in shallow, subtidal or intertidal unconsolidated
sediments, where as surfgrass grows on wave-beaten rocky shores. The primary vegetation in the
Offshore Area is surfgrass (Figure 3.7-3).
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Figure 3.7-3: Surfgrass and Eelgrass in the Northwest Training and Testing Study Area
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3.7.2.2.6.2 Inland Waters

Eelgrass grows in shallow, subtidal or intertidal unconsolidated sediments, whereas surfgrass grows on
wave-beaten rocky shores. The primary vegetation in the intertidal areas of the Strait of Juan de Fuca
and Puget Sound is eelgrass, which covers approximately 40 percent of the intertidal area (Bailey et al.
1998). Atlantic cordgrass (Spartina alterniflora) is a native cordgrass species from the Atlantic and Gulf
coasts, and is considered an invasive species in the Study Area because it produces seeds at higher rates
than the native cordgrass, and can quickly colonize mudflats (Howard 2008). Atlantic cordgrass is found
in mudflats in Skagit, Clallam, and Jefferson counties (Puget Sound Partnership 2013).

3.7.2.2.6.3 Western Behm Canal, Alaska

Eelgrass is found in the Western Behm Canal portion of the study area on sandy substrates in deeper
waters surrounding Back Island (U.S. Department of the Navy 1998).

3.7.3 ENVIRONMENTAL CONSEQUENCES

This section evaluates how and to what degree the activities described in Chapter 2 (Description of
Proposed Action and Alternatives) potentially impact marine vegetation. General characteristics of all
Navy stressors were introduced in Section 3.0.5.3 (ldentification of Stressors for Analysis), and living
resources’ general susceptibilities to stressors are described in Appendix G (Biological Resource
Methods). Each marine vegetation stressor is introduced, analyzed by alternative, and analyzed for
training activities and testing activities. Tables F-3 through F-5 in Appendix E (Training and Testing
Activities Matrices) show the warfare areas and associated stressors that were considered for analysis of
marine vegetation.

The stressors vary in intensity, frequency, duration, and location within the Study Area (Table 3.7-2).
Based on the general threats to marine vegetation discussed in Section 3.7.2 (Affected Environment) the
stressors applicable to marine vegetation are:

e Acoustic (underwater explosives)

e Physical disturbance or strikes (vessel and in-water device disturbance, military expended
materials)

e Secondary stressors (sediments and water quality)

Because marine vegetation is not susceptible to energy, entanglement, or ingestion stressors, those
stressors will not be assessed. Only the Navy training and testing activity stressors and their components
that occur in the same geographic location as marine vegetation are analyzed in this section. Training
and testing activities pose no direct threat to some types of marine vegetation habitats. Training
activities are not proposed in the Western Behm Canal; therefore, only the Offshore Area and the Inland
Waters will be analyzed under Training Activities. Details of all training and testing activities, stressors,
components that cause the stressor, and geographic occurrence within the Study Area, are summarized
in Section 3.0.5.3 (ldentification of Stressors for Analysis) and detailed in Appendix A (Navy Activities
Descriptions).

3.7.3.1 Acoustic Stressors

This section analyzes the potential impacts of acoustic stressors that may occur during Navy training and
testing activities on marine vegetation within the Study Area. The acoustic stressors that may impact
marine vegetation include explosives that are detonated on or near the surface of the water, or
underwater; therefore, only these types of explosions are discussed in this section.
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3.7.3.1.1  Impacts from Underwater Explosives

Various types of explosives are used during training and testing activities. The type, number, and
location of activities that use explosives under each alternative are discussed in Section 3.0.5.3.1.2
(Explosives). Explosive sources are the only acoustic stressor applicable to this resource because
explosives could physically damage marine vegetation.

Table 3.7-2: Stressors for Marine Vegetation in the Northwest Training and Testing Study Area

Number of Components or Events
Components Area M AR Alternative 1 Alternative 2
Alternative
Training | Testing | Training | Testing | Training | Testing
Acoustic Stressors
Offshore Area 209 0 142 148 142 164
Explosives Inland Waters 4 0 42 0 42 0
W. Behm Canal 0 0 0 0 0 0
Physical Disturbance and Strike Stressors
Offshore Area 1,003 39 1,116 158 1,116 187
Activities including vessels Inland Waters 4 339 310 602 310 665
W. Behm Canal 0 28 0 60 0 83
S o Offshore Area 387 38 493 134 493 158
QC“.V'“ES including in-water Inland Waters 0 377 1 628 1 691
evices
W. Behm Canal 0 0 0 0 0 0
Offshore Area | 189,815 604 198,028 | 3,922 198,028 | 4,325
Military expended materials Inland Waters 8 442 3,085 513 3,085 563
W. Behm Canal 0 0 0 0 0 0
o _ Offshore Area 0 5 0 6 0 7
Activities including seafloor Inland Waters 2 210 16 225 16 239
devices
W. Behm Canal 0 0 0 5 0 15
Secondary Stressors
_ _ Offshore Area
Habitat (sediments and water ™ -4\ arers QUALITATIVE
quality; air quality)
W. Behm Canal

The potential for an explosion to injure or destroy marine vegetation would depend on the amount of
vegetation present, the number of munitions used, and their net explosive weight. In areas where
marine vegetation and locations for explosions overlap, vegetation on the surface of the water, in the
water column, or rooted in the seafloor may be impacted. Single-celled algae may overlap with acoustic
stressors, but the impact would be minimal relative to their total population level; therefore, they will
not be discussed further. Seafloor macroalgae, and eelgrass may overlap with underwater and sea
surface explosion locations. If these vegetation types are near an explosion, only a small number of
them are likely to be impacted relative to their total population level. The low number of explosions
relative to the amount of seafloor macroalgae in the Study Area also decreases the potential for impacts
on these vegetation types. In addition, seafloor macroalgae are resilient to high levels of wave action
(Mach et al. 2007), which may aid in their ability to withstand underwater explosions that occur near
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them. Underwater explosions also may temporarily increase the turbidity (sediment suspended in the
water) of nearby waters, incrementally reducing the amount of light available to marine vegetation. This
increase in the amount of sediments and nutrients (e.g., iron) in the water may cause algal blooms
(Anderson et al. 2002). Additionally, areas of sea floor impacted by explosions may become re-colonized
by algae species (Emerson and Zedler 1978).

3.7.3.1.1.1 No Action Alternative

Training Activities

Offshore Area

Under the No Action Alternative, training activities would utilize source class E4 explosives, which
detonate at a depth of 66 ft. (20 m); source class E5 explosives, which detonate at a depth of 1 ft. (0.3
m); source class E8 and source class E11 explosives, both of which detonate at a depth of 90 ft. (27 m);
and source class E12 explosives, which detonate at a depth of 3.3 ft. (1 m) (see Table 3.0-11). There are
209 training activities proposing the use of underwater explosions in the Offshore Area under the No
Action Alternative. These explosions would likely occur over unvegetated seafloor because it is the
predominant bottom type in the areas proposed for these activities; in addition, detonations would
occur in waters greater than 200 ft. (61 m) in depth and greater than 3 nautical miles (nm) from shore.
Detonations associated with anti-submarine warfare (source class E4) would typically occur in water
greater than 600 ft. (183 m) depth. Underwater and surface explosions conducted for training activities
in the Offshore Area are not expected to result in detectable changes to kelp beds, floating marine
algae, or other marine algae because (1) the relative coverage of marine algae and vegetation is low in
this portion of the Study Area, (2) new growth may result from floating and attached marine algae and
vegetation exposure to explosives (see Section 3.7.3.1.1, Impacts from Underwater Explosives; Emerson
and Zedler 1978), and (3) the impact area of underwater explosions is very small (see Figure 2.1-2)
relative to marine algae and vegetation distribution. Based on these factors, potential impacts on
marine algae and vegetation from underwater and surface explosions are not expected to result in
detectable changes to growth, survival, or propagation that would result in population level impacts.

Inland Waters

The potential for eelgrass to overlap with underwater and surface explosions is limited to Underwater
Demolition Training areas in Crescent Harbor and Hood Canal. Eelgrasses could be uprooted or damaged
by sea surface or underwater explosions. They are much less resilient to disturbance than other marine
algae; regrowth after uprooting can take up to 10 years (Dawes et al. 1997). Explosions may also
temporarily increase the turbidity (sediment suspended in the water) of nearby waters, but the
sediment would settle to pre-explosion conditions within a number of days. Sustained high levels of
turbidity may reduce the amount of light that reaches vegetation.

Under the No Action Alternative, there would be a total of four explosive training events in the inshore
portion of the Study Area. The impact of underwater explosions from mine neutralization activities on
bottom habitats provides some perspective on the potential impact area. The total impact footprint of
all underwater explosions under the No Action Alternative on bottom habitats would be approximately
313.28 square feet (ft.2) (29.1 m?). This impact footprint is small relative to the distribution of marine
algae, such as kelp, in the inland portion of the Study Area, which is over 45.7 square nautical miles
(nm?).

Underwater and surface explosions conducted for training activities in the Inland Waters are not
expected to pose a risk to eelgrass because (1) the impact area of underwater explosions is very small
(313.28 ft.2 [29.1 m?]) relative to eelgrass distribution (45.7 nm?); (2) the low number of charges reduces
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the potential for impacts; and (3) disturbance would be temporary, dependent upon the level of
sediment redistributed, the amount of time it takes the sediment to settle, and the amount of light that
reaches the disturbed area. The use of surface and underwater explosions is not expected to result in
detectable changes to their growth, survival, or propagation that would result in population-level impact
for marine algae and eelgrass.

Testing Activities
Offshore Area

No testing activities with underwater, surface, or seafloor detonations are proposed in the Offshore
Area under the No Action Alternative.

Inland Waters

No testing activities with underwater, surface, or seafloor detonations are proposed in the Inland
Waters under the No Action Alternative.

Western Behm Canal, Alaska

No testing activities with underwater, surface, or seafloor detonations are proposed in the Western
Behm Canal under the No Action Alternative.

3.7.3.1.1.2 Alternative 1
Training Activities
Offshore Area

Under Alternative 1, the total number of explosives used in training events in the Offshore Area would
decrease by approximately 32 percent over No Action Alternative (see Table 3.7-2). The potential
impacts on marine algae and vegetation from exposure to underwater and surface explosions are
slightly increased, but remain similar in nature as described in Section 3.7.3.1.1.1 (No Action
Alternative).

In comparison to the No Action Alternative, the increase in activities presented in Alternative 1 may
increase the risk to marine algae from exposure to underwater and surface explosions. However, most
of the increase under Alternative 1 comes from explosives with less than 10 pounds (lb.) of net explosive
weight (see Table 3.0-11). Underwater and surface explosions conducted for training activities are not
expected to pose a risk to marine algae and vegetation because (1) the impact area of underwater
explosions is very small relative to marine algae and vegetation distribution in this portion of the Study
Area; (2) the low number of charges reduces the potential for impacts; and (3) disturbance would be
temporary, dependent upon the level of sediment redistributed, the amount of time it takes the
sediment to settle, and the amount of light that reaches the disturbed area. For the same reasons as
stated in Section 3.7.3.1.1.1 (No Action Alternative) for marine algae and vegetation, the use of surface
and underwater explosions is not expected to result in detectable changes to their growth, survival, or
propagation that would result in population-level impacts.

Inland Waters

Under Alternative 1, the total number of explosive training events would increase relative to the No
Action Alternative, due to the additional use of 18 shock wave action generators (SWAG) in Crescent
Harbor and 18 SWAG in Hood Canal. The mine neutralization exercises would increase from two 1.5 Ib.
mine neutralization charges to three 2.5 |b. charges in Hood Canal and from two to three 2.5 |b. mine
neutralization exercises in Crescent Harbor.
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The potential impacts on marine algae from exposure to underwater and surface explosions are as
described in Section 3.7.3.1.1.1 (No Action Alternative). The impact of underwater explosions from mine
neutralization activities on bottom habitats provides some perspective on the potential impact area. The
impact footprint of underwater explosions on bottom habitats in the Inland Waters of the Study Area for
the three 2.5 Ib. charges and 18 SWAG (that occur three times) in Crescent Harbor, along with the three
2.5 |b. charges and 18 SWAG (that occur three times) in the Hood Canal Range, is approximately

823.14 t.2 (76.5 m?) (see Table 2.8-1, Baseline and Proposed Training Activities). This impact footprint is
small (see Figure 2.1-3) relative to the distribution of marine algae, such as kelp, in the Study Area.

In comparison to the No Action Alternative, the increase in activities presented in Alternative 1 may
increase the risk to marine algae from exposure to underwater and surface explosions. However,
underwater and surface explosions conducted for training activities are not expected to cause
population level impacts to eelgrass because (1) the impact area of underwater explosions is very small
(see Figure 2.1-2) relative to seagrass distribution; (2) the low number of charges reduces the potential
for impacts; and (3) disturbance would be temporary, dependent upon the level of sediment
redistributed, the amount of time it takes the sediment to settle, and the amount of light that reaches
the disturbed area. For the same reasons as stated in Section 3.7.3.1.1.1 (No Action Alternative) for
marine algae and eelgrass, the use of surface and underwater explosions is not expected to result in
detectable changes to their growth, survival, or propagation that would result in population-level
impacts.

Testing Activities
Offshore Area

Under Alternative 1, testing activities would involve the use of 148 explosives, during activities such as
Naval Sea Systems Command (NAVSEA) torpedo testing and Naval Air Systems Command (NAVAIR)
Improved Extended Echo Ranging (IEER) testing (see Tables 2.8-2 and 2.8-3). The majority of underwater
explosions in the Offshore Area would occur over unvegetated seafloor because it is the predominant
bottom type in the areas proposed for these activities. Underwater and surface explosions conducted
for testing activities in the Offshore Area are not expected to cause any risk to marine algae and
vegetation because (1) the relative coverage of marine algae and vegetation is low (see Figure 2.1-2),
(2) new growth may result from marine algae and vegetation exposure to explosives (see Section
3.7.3.1.1, Impacts from Underwater Explosives), and (3) the impact area of underwater explosions is
very small (see Figure 2.1-2) relative to marine algae and vegetation distribution in this portion of the
Study Area. Based on these factors, potential impacts on marine algae and vegetation from underwater
and surface explosions are not expected to result in detectable changes to growth, survival, or
propagation that would result in population level impacts.

Inland Waters

No testing activities with underwater, surface, or seafloor detonations are proposed in the Inland
Waters under Alternative 1.

Western Behm Canal, Alaska

No testing activities with underwater, surface, or seafloor detonations are proposed in the Western
Behm Canal under Alternative 1.
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3.7.3.1.1.3 Alternative 2

Training Activities

Offshore Area

Under Alternative 2, the same number of underwater detonations would occur as under Alternative 1.
Therefore, underwater detonations in the Offshore Area under Alternative 2 would have the same
impacts on marine algae and vegetation as under Alternative 1.

Inland Waters

Under Alternative 2, the same number of underwater detonations would occur in the Inland Waters as
under Alternative 1. Therefore, underwater detonations under Alternative 2 would have the same
impacts on marine vegetation as under Alternative 1.

Testing Activities
Offshore Area

Under Alternative 2, testing activities would involve the use of explosives, such as NAVSEA torpedo
testing and NAVAIR IEER testing (see Tables 2.8-2 and 2.8-3) and would increase by approximately

10 percent over Alternative 1. The majority of underwater explosions in the Offshore Area would likely
occur over unvegetated seafloor because it is the predominant bottom type in the areas proposed for
these activities. Underwater and surface explosions conducted for testing activities in the Offshore Area
are not expected to cause any risk to marine algae and vegetation because (1) the relative coverage of
marine algae and vegetation is low (see Figure 2.1-2), (2) new growth may result from marine algae and
vegetation exposure to explosives (see Section 3.7.3.1.1, Impacts from Underwater Explosives), and

(3) the impact area of underwater explosions is very small (see Figure 2.1-2) relative to marine algae and
vegetation distribution. Based on these factors, potential impacts on marine algae and vegetation from
underwater and surface explosions are not expected to result in detectable changes to growth, survival,
or propagation that would result in population level impacts.

Inland Waters

No testing activities with underwater, surface, or seafloor detonations are proposed in the Inland
Waters under Alternative 2.

Western Behm Canal, Alaska

No testing activities with underwater, surface, or seafloor detonations are proposed in the Western
Behm Canal, Alaska portion of the Study Area under Alternative 2.

3.7.3.1.2 Substressor Impact on Marine Vegetation as Essential Fish Habitat from Explosives
(Preferred Alternative)

Pursuant to the EFH requirements of the Magnuson-Stevens Fishery Conservation and Management Act
and implementing regulations, the use of explosives during training and testing activities may have an
adverse effect on EFH by reducing the quality and quantity of marine vegetation that constitutes EFH or
Habitat Areas of Particular Concern. Impact on attached macroalgae is determined to be minimal and
temporary to long term throughout the Study Area. Given the available information, the impact on
submerged rooted vegetation beds is determined to be minimal (meaning that effects do not cause
large-scale changes in ecological function) and long term (stressor duration or recovery in more than 3
years but less than 20 years).
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3.7.3.2 Physical Disturbance and Strike Stressors

This section analyzes the potential impacts on marine vegetation of the various types of physical
disturbance stressors during training and testing activities within the Study Area. Three types of physical
stressors are evaluated for their impacts on marine vegetation, including (1) vessels and in-water
devices, (2) military expended materials, and (3) seafloor devices.

The evaluation of the impacts of physical disturbance stressors on marine vegetation focuses on
proposed activities that may cause vegetation to be damaged by an object that is moving through the
water (e.g., vessels and in-water devices), or dropped to the seafloor (e.g., military expended materials,
anchors). Not all activities are proposed throughout the Study Area. Wherever appropriate, specific
geographic areas of potential impact are identified.

Single-celled algae may overlap with physical disturbance stressors. However, as suspended particles,
they are displaced by vessel movement in the same way as the water around them. The impact is
negligible because the nature of the activity does not alter lifecycle or habitat; therefore, it does not
affect the productivity or population health of these species. Impacts to single-cell algae will not be
discussed further. Eelgrasses and macroalgae on the seafloor on the sea surface are the only types of
marine vegetation that occur in locations where physical disturbance stressors may be encountered.
Therefore, only eelgrasses and macroalgae are analyzed further for potential impacts of physical
disturbance or strike stressors. Since the occurrence of marine algae is an indicator of marine mammal
and sea turtle presence, some mitigation measures designed to reduce impacts on these resources may
indirectly reduce impacts on marine algae; see Section 5.3.2.2 (Physical Disturbance and Strike).

3.7.3.21 Impacts from Vessels and In-Water Devices

Several different types of vessels (ships, submarines, boats, amphibious vehicles) and in-water devices
(towed devices and unmanned underwater vehicles [UUVs]) are used during training and testing
activities throughout the Study Area, as described in Section 3.0.5.3.3.1 (Vessels). Vessel movements
occur intermittently, are variable in duration, ranging from a few hours to a few weeks, and are
dispersed throughout the Study Area. Events involving large vessels are widely spread over offshore
areas, while smaller vessels are more active in nearshore areas.

The potential impacts of Navy vessels and in-water devices used during training and testing activities on
marine vegetation are based on the vertical distribution of the vegetation. Surface vessels include ships,
boats, and amphibious vehicles, and seafloor devices include UUVs and autonomous underwater
vehicles. Vessels may impact vegetation by disturbing vegetation on the sea surface or seafloor
(Spalding et al. 2003). In the open ocean, marine algae on the sea surface such as kelp paddies have a
patchy distribution. Marine algae could be temporarily disturbed by moving vessels or by the propeller
action of transiting vessels. Fragmentation would be on a small spatial scale, and marine algal mats
would be expected to re-form. These disturbances could also injure the organisms that inhabit kelp
paddies or other marine algal mat, such as sea turtles, birds, marine invertebrates, and fish (see Sections
3.5, 3.6, 3.8, and 3.9, respectively). In open-ocean areas, marine algae on the sea surface may be
disturbed by vessels and in-water devices. Marine algae could be temporarily disturbed by transiting
vessels or by their propellers. It is resilient to winds, waves, and severe weather that could sink the mat
or break it into pieces. Impacts on marine algae by vessels and in-water devices may collapse the
pneumatocysts (air sacs) that keep the mats afloat. Evidence suggests that some floating marine algae
will continue to float even when up to 80 percent of the pneumatocysts are removed (Zaitsev 1971).
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Seafloor macroalgae may be present in locations where these vessels and in-water devices occur, but
the impacts would be minimal because of their resilience, distribution, and biomass, although some
types of microalgae are expected to recover faster than others. A literature search of at-risk marine
macroalgae species in the Study Area (International Union for Conservation of Nature 2012) did not
indicate that these species are more resilient to stressors than other marine vegetation. Additionally,
seafloor macroalgae in coastal areas are adapted to natural disturbances, such as storms and wave
action that can exceed 33 ft. (10 m) per second (Mach et al. 2007), and are expected to quickly recover
from vessel and in-water device movements.

Towed in-water devices include towed targets that are used during activities such as Missile Exercises
and Gun Exercises. These devices are operated at low speeds either on the sea surface or below it. The
analysis of in-water devices will focus on towed surface targets because of the potential for impacts on
marine algae. Unmanned underwater vehicles and autonomous underwater vehicles are used in training
and testing activities in the Study Area. They are typically propeller-driven, and operate within the water
column. The propellers of these devices are encased, eliminating the potential for seagrass propeller
scarring. Algae on the seafloor could be disturbed by these devices; however, for the same reasons
given for vessel disturbance, UUVs are not expected to compromise the health or condition of algae,
and the impact would be minimal relative to their total population level.

Estimates of relative vessel use and location for each alternative are provided in Section 3.0.5.3.3.1
(Vessels). These estimates are based on the number of activities predicted for each alternative. While
these estimates provide a prediction of use, actual Navy vessel use depends upon military training and
testing requirements, deployment schedules, annual budgets, and other unpredictable factors. Testing
and training activity concentrations are most dependent upon locations of Navy shore installations and
established testing and training areas.

Under all alternatives, a variety of vessels and in-water devices would be used throughout the Study
Area during training and testing activities, as described in Chapter 2 (Description of Proposed Action and
Alternatives). The concentration of use in and the manner in which the Navy uses vessels to accomplish
its mission requirements is likely to remain consistent with the range of variability observed over the last
decade. Consequently, the Navy is not proposing appreciable changes in the levels, frequency, or
locations where vessels have been used over the last decade.

On the open ocean, vessel disturbance of marine vegetation would be limited to floating marine algae.
Vessel movements may disperse or injure algal mats. Because algal distribution is patchy, mats may
re-form, and events would be on a small spatial scale. Navy training activities involving vessel movement
would not impact the general health of marine algae; the impact would be minimal relative to their total
population level. Navy protective measures would ensure that vessels avoid large algal mats, eelgrass
beds, or other sensitive vegetation that other marine life depend on for food or habitat; these measures
would safeguard sensitive vegetation from vessel strikes. In addition, Navy protective measures would
require helicopter crews that tow in-water devices for mine warfare exercises to monitor the water
surface before and during exercises to identify and avoid marine algae, algal mats, eelgrass beds, or
other sensitive vegetation that other marine life depend on for food or habitat.

Marine vegetation in the path of moving vessels or in-water devices may have a clearly detectable
response (e.g., algal mats dispersing, rupture of individual plant cells), followed by a recovery period
lasting weeks to months. Marine vegetation growth near vessels or in-water devices used for training
activities under the No Action Alternative, Alternative 1, and Alternative 2 would be inhibited during
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recovery. However, long-term survival, reproductive success, or lifetime reproductive success on a
population level would not be impacted.

3.7.3.2.1.1 No Action Alternative

Training Activities

Offshore Area

Under the No Action Alternative, the impacts of vessel and in-water devices physical disturbances of
marine vegetation during training activities in the Offshore Area would be limited to floating algal mats
and seaweeds. The net impact of vessel, in-water device, and in-water device physical disturbances on
marine vegetation is expected to be short-term and temporary based on (1) the implementation of Navy
protective measures; (2) the quick recovery (weeks) of most vegetation types; (3) the short-term nature
of most vessel movements and local disturbances of the surface water, with some temporary increase in
suspended sediment in shallow areas; and (4) the deployment of in-water devices at depths where they
would not likely come in contact with marine vegetation.

Inland Waters

Under the No Action Alternative, the impacts of vessel physical disturbances on marine vegetation
during training activities in the Inland Waters would be limited to floating algal mats, kelp canopies, and
seaweeds. No training activities involving in-water devices occur in the inland waters. Vessel movement
for training activities in the Inland Waters is caused by the small boats for Explosive Ordnance Disposal
(EOD), and the Sea, Air, Land Teams, and by access between pier and open water activities. The net
impact of vessel physical disturbances on marine vegetation is expected to be negligible under the No
Action Alternative, based on (1) the implementation of Navy protective measures; (2) the quick recovery
of most vegetation types; and (3) the short-term nature of most vessel movements and local
disturbances of the surface water, with some temporary increase in suspended sediment in shallow
areas.

Testing Activities
Offshore Area

Under the No Action Alternative, testing activities in the Offshore Area would include activities where
vessels and in-water devices could come in contact with marine vegetation, including certain types of
UUVs used in the Quinault Range Site during such training events as Recovery Operations (Appendix
A.2.4.1). However, most testing activities in the Offshore Area would occur at depths greater than

100 ft. (30 m). Surf zone activities would occur in the Offshore Area at Pacific Beach in the Quinault
Range Site, which extends north to south 5 nm along the eastern boundary of W-237A, approximately

3 nm to shore along the mean low water line, and encompasses 1 mile (1.6 km) of shoreline at Pacific
Beach, Washington. Surf zone activities would be conducted from an area on the shore going toward the
sea. Surf zone activities have the potential to effect marine vegetation that is rooted to the sea floor or
floating in the water column. However, these testing activities are unlikely to have a population level
effect on marine vegetation under the No Action Alternative. The net impact of vessel, in-water device
physical disturbances on marine vegetation is expected to be negligible based on (1) the implementation
of Navy protective measures; (2) the quick recovery of most vegetation types; (3) the short-term nature
of most vessel movements and local disturbances of the surface water, with some temporary increase in
suspended sediment in shallow areas; and (4) the deployment of in-water devices at depths where they
would not likely come in contact with marine vegetation.
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Inland Waters

Under the No Action Alternative, testing activities in the Inland Waters of the Study Area would include
activities where vessels and in-water devices, such as with certain types of UUVs, could come in contact
marine vegetation. These in-water devices used for testing activities could have a temporary (not
permanent) effect on marine vegetation under the No Action Alternative. The net impact of vessel and
in-water devices physical disturbances on marine vegetation is expected to be short term and temporary
under the No Action Alternative, based on (1) the implementation of Navy protective measures; (2) the
quick recovery of most vegetation types; (3) the short-term nature of most vessel movements and local
disturbances of the surface water, with some temporary increase in suspended sediment in shallow
areas; and (4) the deployment of in-water devices at depths where they would not likely come in
contact with marine vegetation.

Western Behm Canal, Alaska

Under the No Action Alternative, approximately 28 events under testing activities involving vessels
would occur in the Western Behm Canal portion of the Study Area (see Table 3.7-2). These vessels used
for testing activities could have an effect on marine vegetation under the No Action Alternative. The net
impact of vessel physical disturbances on marine vegetation is expected to be short term and temporary
under the No Action Alternative, based on (1) Navy protective measures; (2) the quick recovery of most
vegetation types; and (3) the short-term nature of most vessel movements and local disturbances of the
surface water, with some temporary increase in suspended sediment in shallow areas. Therefore,
eelgrass and seagrass bed damage is not likely; however, if it occurs, the impacts would be minor, such
as short-term turbidity increases.

3.7.3.2.1.2 Alternative 1
Training Activities
Offshore Area

Under Alternative 1, training activities that involve vessels and in-water devices in the Offshore Area
would increase slightly, from 1,390 events in the No Action Alternative to 1,609 events (see Table 3.7-2).
The impacts of vessel physical disturbances of marine vegetation during training activities in the
Offshore Area would be limited to floating algal mats and seaweeds. The net impact of vessel and
in-water device physical disturbances on marine vegetation is expected to be short term and temporary
based on (1) the implementation of Navy protective measures; (2) the quick recovery of most vegetation
types; (3) the short-term nature of most vessel movements and local disturbances of the surface water,
with some temporary increase in suspended sediment in shallow areas; and (4) the deployment of
in-water devices at depths where they would not likely come in contact with marine vegetation.

Inland Waters

Under Alternative 1, training activities that involve vessels and in-water devices in the Inland Waters of
the Study Area would increase by 306 events over the No Action Alternative (see Table 3.7-2). The Navy
follows protective measures that minimize conduct of training within zones of algal mats or fixed
vegetation, so the risk of causing direct injury is low. Under Alternative 1, the impacts of vessel physical
disturbances, including the addition of new Maritime Security Operations in Hood Canal, Dabob Bay, and
the Strait of Juan de Fuca; Anti-Surface Warfare activities at Crescent Harbor; small boat Anti-Terrorism
Force Protection at Crescent Harbor, Hood Canal, and the Keyport Range site; and the addition of in-
water devices (used in Maritime Homeland Defense/Security Mine Countermeasures Integrated
Exercise) during training activities in the inshore waters, would cause minimal disturbances to algal
mats, kelp canopies, and seaweeds. The net impact of vessel physical disturbances on marine vegetation
is expected to be negligible under Alternative 1, based on (1) Navy protective measures; (2) the quick
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recovery of most vegetation types; (3) the short-term nature of most vessel movements and local
disturbances of the surface water, with some temporary increase in suspended sediment in shallow
areas; and (4) the deployment of in-water devices at depths where they would not likely come in
contact with marine vegetation. Therefore, eelgrass bed damage is not likely; however, if it occurs, the
impacts would be minor, such as short-term (weeks) turbidity increases.

Testing Activities
Offshore Area

Under Alternative 1, testing activities that would include vessels and in-water devices would increase by
approximately 215 events over the No Action Alternative (see Table 3.7-2). This increase would be in the
tempo of testing activities in the Offshore Area, not the type of activities as described under the No
Action Alternative. Therefore, the impacts under Alternative 1 would be expected to be similar to those
described under the No Action Alternative. Under Alternative 1, the net impact of vessel and in-water
device physical disturbances on marine vegetation is expected to be negligible based on (1) Navy
protective measures; (2) the quick recovery of most vegetation types; (3) the short-term nature of most
vessel movements and local disturbances of the surface water, with some temporary increase in
suspended sediment in shallow areas; and (4) the deployment of in-water devices at depths where they
would not likely come in contact with marine vegetation.

Inland Waters

Under Alternative 1, testing activities that involve vessels and in-water devices in the Inland Waters of
the Study Area would increase to 1,230 events over 716 events under the No Action Alternative (see
Table 3.7-2). Additionally, testing activities that involve vessels and in-water devices would be extended
to Carr Inlet. Testing activities in the Inland Waters of the Study Area would include activities where
vessels and in-water devices could come in contact marine vegetation, such as with certain types of
UUVs. These in-water devices used for testing activities could have an effect on marine vegetation under
Alternative 1. The net impact of vessel physical disturbances on marine vegetation is expected to be
negligible under Alternative 1, based on (1) Navy protective measures; (2) the quick recovery of most
vegetation types; (3) the short-term nature of most vessel movements and local disturbances of the
surface water, with some temporary increase in suspended sediment in shallow areas; and (4) the
deployment of in-water devices at depths where they would not likely come in contact with marine
vegetation. Therefore, eelgrass bed damage is not likely but, if it occurs, the impacts would be minor,
such as short-term turbidity increases.

Western Behm Canal, Alaska

Under Alternative 1, approximately 60 events under testing activities involving vessels would occur in
the Western Behm Canal portion of the Study Area (see Table 3.7-2). These vessels used for testing
activities could have an effect on marine vegetation under Alternative 1. The net impact of vessel
physical disturbances on marine vegetation is expected to be negligible under Alternative 1, based on
(1) Navy protective measures; (2) the quick recovery of most vegetation types; and (3) the short-term
nature of most vessel movements and local disturbances of the surface water, with some temporary
increase in suspended sediment in shallow areas. Therefore, eelgrass bed damage is not likely but, if it
occurs, the impacts would be minor, such as short-term turbidity increases.
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3.7.3.2.1.3 Alternative 2

Training Activities

Offshore Area

Under Alternative 2, training activities that involve vessels in the Offshore Area would remain the same
as under Alternative 1 (see Table 3.7-2). The impacts of vessel physical disturbances of marine
vegetation during training activities in the Offshore Area would be limited to floating algal mats and
seaweeds. The net impact of vessel and in-water device physical disturbances on marine vegetation is
expected to be negligible based on (1) Navy protective measures; (2) the quick recovery of most
vegetation types; (3) the short-term nature of most vessel movements and local disturbances of the
surface water, with some temporary increase in suspended sediment in shallow areas; and (4) the
deployment of in-water devices at depths where they would not likely come in contact with marine
vegetation.

Inland Waters

Under Alternative 2, training activities that involve vessels and in-water devices in the Inland Waters of
the Study Area would remain the same number as described under Alternative 1 (see Table 3.7-2).
Therefore, impacts from training in the Inland Waters would be similar to what is described in Section
3.7.3.2.1.2 (Alternative 1).

Testing Activities
Offshore Area

Under Alternative 2, testing activities that would include vessels and in-water devices would increase by
approximately 268 events over the No Action Alternative (see Table 3.7-2). This increase would be in the
tempo of testing activities by NAVAIR and NAVSEA in the Offshore Area, but it would not increase the
potential effect on marine vegetation. Therefore the net impact of vessel and in-water device physical
disturbances on marine vegetation is expected to be negligible based on (1) Navy protective measures;
(2) the quick recovery of most vegetation types; (3) the short-term nature of most vessel movements
and local disturbances of the surface water, with some temporary increase in suspended sediment in
shallow areas; and (4) the deployment of in-water devices at depths where they would not likely come
in contact with marine vegetation.

Inland Waters

Under Alternative 2, the number of testing activities involving vessels, and in-water devices in the Inland
Waters would increase by 10 percent compared to Alternative 1 (see Table 3.7-2). Despite this increase,
the impacts to marine vegetation are expected to be the same as under Alternative 1.

Western Behm Canal, Alaska

Under Alternative 2, approximately 83 events under testing activities involving vessels would occur in
the Western Behm Canal portion of the Study Area (see Table 3.7-2). These vessels used for testing
activities could have an effect on marine vegetation under Alternative 2. The net impact of vessel
physical disturbances on marine vegetation is expected to be negligible under Alternative 2, based on
(1) Navy protective measures; (2) the quick recovery of most vegetation types; and (3) the short-term
nature of most vessel movements and local disturbances of the surface water, with some temporary
increase in suspended sediment in shallow areas. Therefore, eelgrass bed damage is not likely but, if it
occurs, the impacts would be minor, such as short-term turbidity increases.
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3.7.3.21.4 Substressor Impact on Marine Vegetation as Essential Fish Habitat from Vessels and
In-Water Devices (Preferred Alternative)

Pursuant to the EFH requirements of the Magnuson-Stevens Fishery Conservation and Management Act

and implementing regulations, the use of vessels and in-water devices during training and testing

activities would have no impact on attached macroalgae or submerged rooted vegetation that

constitutes EFH or Habitat Areas of Particular Concern.

3.7.3.2.2 Military Expended Materials

This section analyzes the disturbance potential to marine vegetation of the following categories of
military expended materials: (1) non-explosive practice munitions; (2) fragments of high-explosive
munitions; and (3) expended materials other than ordnance, such as sonobuoys, vessel hulks, and
expendable targets. For a discussion of the types of activities that use military expended materials,
where they are used, and how many activities would occur under each Alternative, see Section
3.0.5.3.3.3 (Military Expended Material).

Military expended materials can impact floating marine algae in the open ocean, and seagrass and other
types of algae on the seafloor in coastal areas. Single-celled algae would not be impacted by military
expended materials due to the nature of the algae and because there would not be any population-level
impacts. Most types of military expended materials are deployed in the open ocean. In coastal water
training areas, only projectiles (small and medium), target fragments, and countermeasures could be
introduced into areas where shallow water vegetation such as eelgrass and seafloor macroalgae may be
impacted.

The following are descriptions of the types of military expended materials that could impact marine
algae and eelgrass. Marine algae could overlap with military expended materials anywhere in the Study
Area. Puget Sound is the only location where these materials could overlap with eelgrasses. Tables
3.0-20 through 3.0-22 and Tables 3.0-25 through 3.0-28 present the numbers and locations of activities
that expend military materials during training and testing activities by location and alternative.

Small-, Medium-, and Large-Caliber Projectiles. Small-, medium-, and large-caliber non-explosive
practice munitions, or fragments of high-explosive projectiles expended during training and testing
activities rapidly sink to the seafloor. The majority of these projectiles would be expended in the open
ocean areas of the Study Area. Because of the small sizes of the projectiles and of their casings, damage
to marine vegetation is unlikely. Large-caliber projectiles are primarily used in the Offshore Area at
depths greater than 26 m (85.3 ft.), while small- and medium-caliber projectiles would be expended in
both offshore and coastal areas at depths less than 26 m (85.3 ft.). Marine algae could occur where
these materials are expended, but eelgrasses generally do not because these activities do not normally
occur in water that is shallow enough for seagrass to grow (26 m [85.3 ft.]).

Bombs, Missiles, and Rockets. Bombs, missiles, and rockets, or their fragments (if high-explosive) are
expended offshore (at depths greater than 26 m [85.3 ft.]) during training and testing activities, and
rapidly sink to the seafloor. Marine algae could occur where these materials are expended, but eelgrass
generally does not because of water depth limitations for activities that expend these materials.

Parachutes. Parachutes of varying sizes are used during training and testing activities. The types of
activities that use parachutes, the physical characteristics of these expended materials, where they are
used, and the number of activities that would occur under each alternative are discussed in Section
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3.0.5.3.4.2 (Parachutes). Marine algae and eelgrass could occur in any of the locations where these
materials are expended.

Targets. Many training and testing activities use targets. Targets that are hit by munitions could break
into fragments. Target fragments vary in size and type, but most fragments are expected to sink. Pieces
of targets that are designed to float are recovered when possible. Marine algae and eelgrass could occur
where these materials are expended.

Vessel Hulk. Vessel hulks are a notable type of military expended material because of their size. Vessel
hulks are expended at sea during sinking exercises (SINKEX). Sinking exercises use a target (vessel hulk)
against which live high-explosive or non-explosive munitions are fired; the SINKEX is conducted in a
manner that results in the sinking of the target. This activity would only be conducted in designated
areas with bottom depths greater than 3,000 m (9,842.5 ft.). Floating marine algal mats could occur
where these materials are expended, but eelgrass could not.

Countermeasures. Defensive countermeasures such as chaff and flares are used to protect against
missile and torpedo attack. Chaff is made of aluminum-coated glass fibers and flares are pyrotechnic
devices. Chaff, chaff canisters, and flare end caps are expendable materials. Chaff and flares are
dispensed from aircraft or fired from ships. Floating marine algal mats could occur in any of the locations
that these materials are expended.

3.7.3.2.2.1 No Action Alternative

Training Activities

Offshore Area

Tables 3.0-20 through 3.0-22 and Tables 3.0-25 through 3.0-28 list the numbers and locations of military
expended materials, most of which are small- and medium-caliber projectiles. The numbers and

footprints of military expended materials from training activities under the No Action Alternative in the
Offshore Area are detailed in Tables 3.7-2 and 3.3-4.

Floating marine algal mats and other types of algae that occur on the sea surface in the Offshore Area
may be temporarily disturbed by military expended materials. This type of disturbance would not likely
be different from conditions created by waves or rough weather. If enough military expended materials
land on algal mats, the mats can sink, but sinking occurs as a natural part of the aging process of marine
algae (Schoener and Rowe 1970) and would, therefore, not be expected to impact the population. This
disturbance would have a minor, temporary impact on marine algae. These stressors may impact the
organisms that inhabit marine algae (e.g., sea turtles, birds, marine invertebrates, and fish); for analysis
of potential impacts on the species that inhabit marine algae, see Sections 3.5, 3.6, 3.8, and 3.9.

The largest deposition in the No Action Alternative training activities is the SINKEX hulk that goes into
very deep water. The rest of the material deposited is typically in small fragments. Military expended
materials used for training activities are not expected to pose a risk to marine algae because (1) the
relative coverage of marine algae in the Offshore Area is low, (2) new growth may result from marine
algae exposure to military expended materials (see Section 3.7.3.1.1, Impacts from Underwater
Explosives), and (3) the impact area of military expended materials is very small relative to marine algae
distribution. Based on these factors, potential impacts on marine algae from military expended
materials in the Offshore Area are not expected to result in detectable changes in their growth, survival,
or propagation that would result in population-level impacts. There are no potential impacts on eelgrass
as these activities would not occur in the vicinity of mapped eelgrass beds.
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Inland Waters

Tables 3.0-20 through 3.0-22 and Tables 3.0-25 through 3.0-28 list the numbers and locations of military
expended materials in the Study Area. The numbers and footprints of military expended materials in the
Inland Waters are detailed in Tables 3.7-2 and 3.3-6.

Kelp, cordgrass, seagrass and other types of algae that occur on the in the Inland Waters of the Study
Area may be temporarily disturbed when sediments are displaced by object settlement. Military
expended materials will not be used over eelgrass beds. Sediment displacement may cause short-term,
local turbidity. This type of disturbance would not likely be different from conditions created by waves
or rough weather (Mach et al. 2007). This disturbance would have no impact to marine algae. These
stressors may impact the organisms that inhabit marine algae (e.g., sea turtles, birds, marine
invertebrates, and fish); for analysis of potential impacts to the species that inhabit marine algae, see
Sections 3.5, 3.6, 3.8, and 3.9.

Military expended materials used for training activities in the Inland Waters are not expected to pose a
risk to marine algae and eelgrass because (1) new growth may result from exposure to military
expended materials for marine algae, and (2) the impact area of military expended materials is very
small relative to marine algae and eelgrass distribution. Based on these factors, potential impacts on
marine algae and eelgrass from military expended materials in the Inland Waters portion of the Study
Area are not expected to result in detectable changes in their growth, survival, or propagation that
would result in population-level impacts.

Testing Activities
Offshore Area
Tables 3.0-20 through 3.0-22 and Tables 3.0-25 through 3.0-28 list the numbers and locations of military

expended materials. The numbers and footprints of military expended materials from testing activities
under the No Action Alternative in the Offshore Area are detailed in Tables 3.7-2 and 3.3-5.

Floating marine algal mats and other types of algae that occur on the sea surface in the Offshore Area
may be temporarily disturbed by military expended materials. Military expended materials will not be
used over eelgrass beds. This type of disturbance would not likely be different from conditions created
by waves or rough weather. If enough military expended materials land on algal mats, the mats can sink,
but sinking occurs as a natural part of the aging process of marine algae (Schoener and Rowe 1970) and
would, therefore, not be expected to impact the population. This disturbance would have no impact to
marine algae. These stressors may impact the organisms that inhabit marine algae (e.g., sea turtles,
birds, marine invertebrates, and fish); for analysis of potential impacts to the species that inhabit marine
algae, see Sections 3.5, 3.6, 3.8, and 3.9.

Under the No Action Alternative, military expended materials used for testing activities in the Offshore
Area are not expected to pose a risk to marine algae because (1) the relative coverage of marine algae in
the Study Area is low, (2) new growth may result from marine algae exposure to military expended
materials (see Section 3.7.3.1.1, Impacts from Underwater Explosives), and (3) the impact area of
military expended materials is very small relative to marine algae distribution. Based on these factors,
potential impacts on marine algae in the Offshore Area from military expended materials are not
expected to result in detectable changes in its growth, survival, or propagation that would result in
population-level impacts. There are no potential impacts on eelgrass.
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Inland Waters

Tables 3.0-20 through 3.0-22 and Tables 3.0-25 through 3.0-28 list the numbers and locations of military
expended materials. The numbers and footprints of military expended materials in the Inland Waters of
the Study Area are detailed in Tables 3.7-2 and 3.3-6.

Under the No Action Alternative, military expended materials used for testing activities in the Inland
Waters of the Study Area are not expected to pose a risk to marine algae and eelgrass because (1) new
growth may result from marine algae exposure to military expended materials, (2) the impact area of
military expended materials is very small relative to marine algae distribution, and (3) Military expended
materials will not be used over eelgrass beds. Based on these factors, potential impacts on marine algae
and eelgrass in the Inland Waters of the Study Area from military expended materials are not expected
to result in detectable changes in its growth, survival, or propagation that would result in
population-level impacts.

Western Behm Canal, Alaska

No testing activities with military expended materials are proposed in the southeast Alaska portion of
the Study Area under the No Action Alternative.

3.7.3.2.2.2 Alternative 1

Training Activities

Offshore Area

Tables 3.0-20 through 3.0-22 and Tables 3.0-25 through 3.0-28 list the numbers and locations of military
expended materials, most of which are small- and medium-caliber projectiles. The numbers and
footprints of military expended materials are detailed in Tables 3.7-2 and 3.3-4. Under Alternative 1,
military expended materials would increase in the Offshore Area by approximately 4 percent as
compared to the No Action Alternative. Military expended materials will not be used over eelgrass beds.

Floating marine algal mats and other types of algae that occur on the sea surface in the Offshore Area
may be temporarily disturbed by military expended materials. This type of disturbance would not likely
be different from conditions created by waves or rough weather. If enough military expended materials
land on algal mats, the mats can sink, but sinking occurs as a natural part of the aging process of marine
algae (Schoener and Rowe 1970) and would, therefore, not impact the population. This disturbance
would have no impact on marine algae. These stressors may impact the organisms that inhabit marine
algae (e.g., sea turtles, birds, marine invertebrates, and fish); for analysis of potential impacts to the
species that inhabit marine algae, see Sections 3.5, 3.6, 3.8, and 3.9.

Therefore, military expended materials used for training activities under Alternative 1 are not expected
to pose a risk to marine algae because (1) the relative coverage of marine algae in the Offshore Area is
low, (2) new growth may result from marine algae exposure to military expended materials (see Section
3.7.3.1.1, Impacts from Underwater Explosives), and (3) the impact area of military expended materials
is very small relative to marine algae distribution. Based on these factors, potential impacts on marine
algae from military expended materials in the Offshore Area are not expected to result in detectable
changes in their growth, survival, or propagation that would result in population-level impacts. There
are no potential impacts on eelgrasses.

Inland Waters

Tables 3.0-20 through 3.0-22 and Tables 3.0-25 through 3.0-28 list the numbers and locations of military
expended materials in the Study Area. Under Alternative 1, military expended materials would increase

MARINE VEGETATION 3.7-27



NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS OCTOBER 2015

in the Inland Waters by 3,077 items as compared to the No Action Alternative. This increase is due
almost entirely from EOD underwater detonations in which the military expended material consists of
residue from the explosives.

Kelp, cordgrass, seagrass and other types of algae that occur on the in the Inland Waters of the Study
Area may be temporarily disturbed by military expended materials. Military expended materials will not
be used over eelgrass beds. This type of disturbance would not likely be different from conditions
created by waves or rough weather. This disturbance would have no impact to marine algae. These
stressors may impact the organisms that inhabit marine algae (e.g., sea turtles, birds, marine
invertebrates, and fish); for analysis of potential impacts to the species that inhabit marine algae, see
Sections 3.5, 3.6, 3.8, and 3.9.

The increase in military expended materials used for training activities under Alternative 1 in the Inland
Waters is not expected to pose a risk to marine algae and eelgrass because (1) new growth may result
from exposure to military expended materials, and (2) the impact area of military expended materials is
very small relative to marine algae and eelgrass distribution. Based on these factors, potential impacts
on marine algae and eelgrass from military expended materials in the Inland Waters portion of the Study
Area are not expected to result in detectable changes in their growth, survival, or propagation that
would result in population-level impacts.

Testing Activities
Offshore Area

Tables 3.0-20 through 3.0-22 and Tables 3.0-25 through 3.0-28 list the numbers and locations of military
expended materials expended under Alternative 1 in the Offshore portion of the Study Area. The
numbers and footprints of military expended materials in the Offshore Area are detailed in Table 3.3-5,
which mainly include sonobuoys and parachutes. Under Alternative 1 the amount of military expended
materials in the Offshore Area would increase from 604 items under the No Action Alternative to 3,922
items (see Table 3.7-2). Military expended materials will not be used over eelgrass beds.

Floating marine algal mats and other types of algae that occur on the sea surface in the Offshore Area
may be temporarily disturbed by military expended materials. This type of disturbance would not likely
be different from conditions created by waves or rough weather. If enough military expended materials
land on algal mats, the mats can sink, but sinking occurs as a natural part of the aging process of marine
algae (Schoener and Rowe 1970) and would, therefore, not impact the population. This disturbance
would have no impact on marine algae. Although these stressors may impact the organisms that inhabit
marine algae (e.g., sea turtles, birds, marine invertebrates, and fish), for analysis of potential impacts to
the species that inhabit marine algae, see Sections 3.5, 3.6, 3.8, and 3.9.

Under the Alternative 1, the increased amounts of military expended materials used for testing activities
in the Offshore Area are not expected to pose a risk to marine algae because (1) the relative coverage of
marine algae in the Study Area is low, (2) new growth may result from marine algae exposure to military
expended materials (see Section 3.7.3.1.1, Impacts from Underwater Explosives), and (3) the impact
area of military expended materials is very small relative to marine algae distribution. Based on these
factors, potential impacts on marine algae in the Offshore Area from military expended materials are
not expected to result in detectable changes in its growth, survival, or propagation that would result in
population-level impacts. There are no potential impacts on eelgrass.
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Inland Waters

Tables 3.0-20 through 3.0-22 and Tables 3.0-25 through 3.0-28 list the numbers and locations of military
expended materials; the numbers and footprints of military expended materials in the Inland Waters of
the Study Area are detailed in Table 3.3-6.

Under Alternative 1, a small increase in military expended materials occurs for testing activities from the
No Action Alternative. The increase in military expended materials is associated with Naval Undersea
Warfare Center Division, Keyport and Naval Surface Warfare Center, Carderock Division Detachment
Puget Sound testing activities.

Kelp, eelgrass, and other types of algae that occur on the in the Inland Waters of the Study Area may be
temporarily disturbed by military expended materials. This type of disturbance would not likely be
different from conditions created by waves or rough weather. Military expended materials will not be
used over eelgrass beds. This disturbance would have no impact to marine algae. These stressors may
impact the organisms that inhabit marine algae (e.g., sea turtles, birds, marine invertebrates, and fish);
for analysis of potential impacts to the species that inhabit marine algae, see Sections 3.5, 3.6, 3.8, and
3.9.

The minimal increase in military expended materials used for testing activities under Alternative 1 in the
Inland Waters is not expected to pose a risk to marine algae and eelgrass because (1) new growth may
result from exposure to military expended materials, and (2) the impact area of military expended
materials is very small relative to marine algae and seagrass distribution. Based on these factors,
potential impacts on marine algae and eelgrass from military expended materials in the Inland Waters
portion of the Study Area are not expected to result in detectable changes in their growth, survival, or
propagation that would result in population-level impacts.

Western Behm Canal, Alaska

No testing activities with military expended materials are proposed in the southeast Alaska portion of
the Study Area under the Alternative 1.

3.7.3.2.2.3 Alternative 2

Training Activities

Offshore Area

Under Alternative 2, military expended materials would increase by approximately 4 percent as
compared to the No Action Alternative, the same increase as described above in Section 3.7.3.2.2.2
(Alternative 1). Therefore, impacts from military expended materials under Alternative 2 would be the
same as under Alternative 1.

Inland Waters

Under Alternative 2, military expended materials would increase in the Inland Waters by 3,077 items as
compared to the No Action Alternative, the same as described above in Section 3.7.3.2.2.2 (Alternative
1). Therefore, impacts from military expended materials under Alternative 2 would be the same as
under Alternative 1.

Testing Activities
Offshore Area

Tables 3.0-20 through 3.0-22 and Tables 3.0-25 through 3.0-28 list the numbers and locations of military
expended materials. The numbers and footprints of military expended materials in the Offshore Area
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are detailed in Table 3.3-5, which mainly includes sonobuoys and parachutes. Under Alternative 2 the
number of military expended materials in the Offshore Area would increase from 604 items under the
No Action Alternative to 4,325 items. Military expended materials will not be used over eelgrass beds.

Floating marine algal mats and other types of algae that occur on the sea surface in the Offshore Area
may be temporarily disturbed by military expended materials. This type of disturbance would not likely
be different from conditions created by waves or rough weather. If enough military expended materials
land on algal mats, the mats can sink, but sinking occurs as a natural part of the aging process of marine
algae (Schoener and Rowe 1970) and would, therefore, not impact the population. This disturbance
would have no impact on marine algae. Although these stressors may impact the organisms that inhabit
marine algae (e.g., sea turtles, birds, marine invertebrates, and fish), for analysis of potential impacts to
the species that inhabit marine algae, see Sections 3.5, 3.6, 3.8, and 3.9.

Under the Alternative 2, the increased amounts of military expended materials used for testing activities
in the Offshore Area are not expected to pose a risk to marine algae because (1) the relative coverage of
marine algae in the Study Area is low, (2) new growth may result from marine algae exposure to military
expended materials (see Section 3.7.3.1.1, Impacts from Underwater Explosives), and (3) the impact
area of military expended materials is very small relative to marine algae distribution. Based on these
factors, potential impacts on marine algae in the Offshore Area from military expended materials are
not expected to result in detectable changes in its growth, survival, or propagation that would result in
population-level impacts. There are no potential impacts on eelgrass.

Inland Waters

Tables 3.0-20 through 3.0-22 and Tables 3.0-25 through 3.0-28 list the numbers and locations of military
expended materials. The numbers and footprints of military expended materials in the Inland Waters of
the Study Area are detailed in Table 3.3-6.

Under Alternative 2, there is a small increase in military expended materials for testing activities from
the No Action Alternative (see Table 3.7-2).

Kelp, eelgrass and other types of algae that occur in the Inland Waters of the Study Area may be
temporarily disturbed by military expended materials. This type of disturbance would not likely be
different from conditions created by waves or rough weather. This disturbance would have no impact to
marine algae. These stressors may impact the organisms that inhabit marine algae (e.g., sea turtles,
birds, marine invertebrates, and fish); for analysis of potential impacts to the species that inhabit marine
algae, see Sections 3.5, 3.6, 3.8, and 3.9.

The minimal increase in military expended materials used for testing activities under Alternative 2 in the
Inland Waters is not expected to pose a risk to marine algae and seagrass because (1) new growth may
result from exposure to military expended materials, and (2) the impact area of military expended
materials is very small relative to marine algae and eelgrass distribution. Based on these factors,
potential impacts on marine algae and eelgrass from military expended materials in the Inland Waters
portion of the Study Area are not expected to result in detectable changes in their growth, survival, or
propagation that would result in population-level impacts.

Western Behm Canal, Alaska

No training or testing activities with military expended materials are proposed in the southeast Alaska
portion of the Study Area under Alternative 2.
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3.7.3.2.2.4 Substressor Impact on Marine Vegetation as Essential Fish Habitat from Military
Expended Materials (Preferred Alternative)

Pursuant to the EFH requirements of the Magnuson-Stevens Fishery Conservation and Management Act

and implementing regulations, military expended materials used for training and testing activities may

adversely affect EFH by reducing the quality and quantity of marine vegetation that constitutes EFH or

Habitat Areas of Particular Concern. Any impacts of military expended materials on attached macroalgae

or submerged rooted vegetation would be minimal and temporary.

3.7.3.2.3 Impacts from Seafloor Devices

Several training and testing activities include the use of seafloor devices—items that may contact the
ocean bottom temporarily. The activities and the specific seafloor devices are: (1) precision anchoring
training, where anchors are lowered to the seafloor and recovered; (2) EOD mine countermeasures
training exercises, where some mine targets may be moored to the seafloor; (3) crawler UUV tests in
which UUVs “crawl” across the seafloor; and (4) various testing activities where small anchors are placed
on the seafloor to hold instrumentation in place. Marine vegetation on the seafloor may be impacted by
seafloor devices, while vegetation on the sea surface such as marine algal mats and single-celled algae
are not likely to be impacted and will not be discussed further. Eelgrasses and seafloor macroalgae in
the Study Area may be impacted by the use of seafloor devices.

Seafloor device operation or removal could impact eelgrass by physically removing vegetation (e.g.,
uprooting), crushing the vegetation, temporarily increasing the turbidity (sediment suspended in the
water) of waters nearby, or shading seagrass, which may interfere with photosynthesis. If eelgrass is not
able to photosynthesize, its ability to produce energy is compromised. Eelgrasses occur near the areas
where seafloor devices are operated. Training activities involving seafloor devices occur only in the
Inland Waters, so the Offshore Area and Western Behm Canal will not be analyzed under training
activities.

3.7.3.2.3.1 No Action Alternative
Training Activities
Inland Waters

Two EOD mine countermeasure exercises would occur each year in the Inland Waters under the No
Action Alternative. These two activities could occur at either the Hood Canal EOD Training Range or the
Crescent Harbor EOD Training Range. Not every activity would include a bottom-moored mine, as some
exercises involve only a floating mine shape.

Eelgrass could be present where the mine countermeasure training activity takes place. Seafloor devices
may impact vegetation in benthic habitats, but the impacts would be temporary (not permanent) and
would be followed by rapid (within a few weeks) recovery. Eelgrass beds show signs of recovery after a
cessation of physical disturbance; the rate of recovery is a function of the severity of the disturbance
(Neckles et al. 2005). The main factors that contribute to eelgrass recovery include improving water
quality and cessation of major disturbance activities (Chavez 2009). Bottom-moored mine shapes would
have a minor impact limited to the area of the actual footprint of the mooring (approximately 1 ft.2

[0.1 m?]).

Seafloor device use in shallow water habitats under the No Action Alternative training activities would
pose a negligible risk to marine vegetation. Any damage from seafloor devices would be followed by a
rapid recovery period. Population-level impacts are unlikely because of the small, local impact areas, the
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limited frequency of training activities, and the wider geographic distribution of seagrasses in and
adjacent to training areas.

Testing Activities

Offshore Area

Five crawler UUV testing activities would occur in the Offshore Area under the No Action Alternative.
Because of the absence of marine vegetation in the surf zone area where the testing occurs, and the
infrequency of testing, impacts to marine vegetation are unlikely.

Inland Waters

As shown in Table 3.7-2, 210 annual testing activities would occur in the Inland Waters under the No
Action Alternative. These activities could include the use of small anchors or crawler UUVs.

Eelgrass could be present where these testing activities take place. Marine vegetation could be affected
by the use of seafloor devices (e.g., anchors, targets, and crawler UUVs). However, these effects would
be short term, as all test equipment is recovered after activities take place, would affect a very small
portion of the Study Area (several square yards at most), and would not result in long-term changes in
the distribution or abundance of these populations. Activities usually last less than a day and are
localized within a small area. Given that the size of the disturbed area would be small and the activities
would be short term and infrequent, impacts would be negligible. In addition, the disturbed area would
likely be re-colonized within a relatively short time as the disturbed sediments would not be removed,
but rather redistributed in the same location. Therefore, there would be minimal impacts to marine
vegetation with the implementation of the No Action Alternative within the Inland Waters.

Western Behm Canal, Alaska

No testing activities with seafloor devices are proposed in the Western Behm Canal, Alaska, portion of
the Study Area under the No Action Alternative.

3.7.3.2.3.2 Alternative 1
Training Activities
Inland Waters

Under Alternative 1, the total number of explosive training events would increase relative to the No
Action Alternative, due to the additional use of 18 SWAG in Crescent Harbor and 18 SWAG in Hood
Canal. The mine neutralization exercises would increase from two 1.5 Ib. mine neutralization charges to
three 2.5 |b. charges in Hood Canal and from two to three 2.5 Ib. mine neutralization exercises in
Crescent Harbor. Not every activity would include a bottom-moored mine, as some exercises involve
only a floating mine shape.

In addition, 10 precision anchoring training exercises would occur, in two locations within the Inland
Waters: (1) a general anchorage area at Naval Station Everett, and (2) an anchorage area at Indian
Island.

Eelgrass could be present at all of these locations. For the same reasons as described under the No
Action Alternative, these activities would pose a negligible risk to marine vegetation. Any damage from
anchors would be followed by a recovery period lasting weeks to months. Population-level impacts are
unlikely because of the small, local impact areas; the limited frequency of training activities; and the
wider geographic distribution of eelgrasses in and adjacent to training areas.
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Testing Activities
Offshore Area

Six crawler UUV testing activities would occur in the Offshore Area under Alternative 1, an increase of
one over the No Action Alternative. Because of the absence of marine vegetation in the surf zone area
where the testing occurs, and the frequency of testing, impacts to marine vegetation are unlikely.

Inland Waters

As shown in Table 3.7-2, 225 annual testing activities would occur in the Inland Waters under Alternative
1, an increase of 15 over the No Action Alternative. These activities are of the same type in the same
locations as described under the No Action Alternative.

Eelgrass could be present where these testing activities take place. For the same reasons as described
under the No Action Alternative re-colonization would likely occur within a relatively short time.
Therefore, there would be minimal impacts to marine vegetation with the implementation of
Alternative 1 within the Inland Waters.

Western Behm Canal, Alaska

Under Alternative 1, five component system testing activities would occur in the Western Behm Canal.
These activities involve the temporary placement of small anchoring devices on the seafloor.

Eelgrass could be present where these testing activities take place. Marine vegetation could be affected
by the use of these anchors. However, these effects would be short term (weeks), would affect a very
small portion of the area (several yards at most), and would not result in long-term changes in the
distribution or abundance of these populations. Activities usually last less than a day and are localized
within a small area. Given that the size of the disturbed area would be small (several yards at most) and
the activities would be short term and infrequent, impacts would be minimal. In addition, the disturbed
area would likely be re-colonized within a relatively short time as the disturbed sediments would not be
removed, but rather re-distributed in the same location. Therefore, there would be minimal impacts to
marine vegetation with the implementation of Alternative 1 in the Western Behm Canal.

3.7.3.2.3.3 Alternative 2
Training Activities
Inland Waters

Under Alternative 2, the total number of explosive training events would increase relative to the No
Action Alternative, due to the additional use of 18 SWAG in Crescent Harbor and 18 SWAG in Hood
Canal. The mine neutralization exercises would increase from two 1.5 Ib. mine neutralization charges to
three 2.5 |b. charges in Hood Canal and from two to three 2.5 Ib. mine neutralization exercises in
Crescent Harbor. Not every activity would include a bottom-moored mine, as some exercises involve
only a floating mine shape. This level and type of activity is the same as described for Alternative 1.

In addition, 10 precision anchoring training exercises would occur at the same locations and in the same
manner as described above under Alternative 1.

Eelgrass could be present at all of these locations. For the same reasons as described under the No
Action Alternative, these activities would pose a negligible risk to marine vegetation. Any damage from
anchors would be followed by a recovery period lasting weeks to months. Population-level impacts are
unlikely because of the small, local impact areas, the frequency of training activities, and the wider
geographic distribution of eelgrasses in and adjacent to training areas.
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Testing Activities
Offshore Area

Seven crawler UUV testing activities would occur in the Offshore Area under Alternative 2, an increase
of two over the No Action Alternative. Because of the absence of marine vegetation in the surf zone
area where the testing occurs, and the infrequency of testing, impacts to marine vegetation are unlikely.

Inland Waters

As shown in Table 3.7-2, 239 annual testing activities would occur in the Inland Waters under Alternative
2, an increase of 29 over the No Action Alternative. These activities are of the same type in the same
locations as described under the No Action Alternative.

Eelgrass could be present where these testing activities take place. For the same reasons as described
under the No Action Alternative, re-colonization would likely occur within a relatively short time.
Therefore, there would be minimal impacts to marine vegetation with the implementation of
Alternative 2 within the Inland Waters.

Western Behm Canal, Alaska

Under Alternative 2, 15 component system testing activities would occur in the Western Behm Canal, an
increase of 10 over the No Action Alternative. These activities involve the temporary placement of small
anchoring devices on the seafloor.

Eelgrass could be present where these testing activities take place. For the same reasons as described
under the No Action Alternative, re-colonization would likely occur within a relatively short time.
Therefore, there would be minimal impacts to marine vegetation with the implementation of
Alternative 2 in the Western Behm Canal.

3.7.3.2.3.4 Substressor Impact on Marine Vegetation as Essential Fish Habitat from Seafloor
Devices (Preferred Alternative)

Pursuant to the EFH requirements of the Magnuson-Stevens Fishery Conservation and Management Act

and implementing regulations, the use of seafloor devices during training and testing activities may

adversely affect EFH by reducing the quality and quantity of marine vegetation that constitutes EFH or

Habitat Areas of Particular Concern. The EFH Assessment can be found on the NWTT EIS/OEIS website at

nwtteis.com.

3.7.3.3 Secondary Stressors

This section analyzes potential impacts on marine vegetation exposed to stressors indirectly through
changes in sediments and water quality. Section 3.1 (Sediments and Water Quality) considered the
impacts on marine sediments and water quality from explosives and explosion by-products, metals,
chemicals other than explosives, and other materials (marine markers, flares, chaff, targets, and
miscellaneous components of other materials). The analysis determined that neither state or federal
standards or guidelines for sediments nor water quality would be violated by the No Action Alternative,
Alternative 1, or Alternative 2. Because of these conditions, population-level impacts on marine
vegetation are likely to be inconsequential and undetectable. Therefore, because these standards and
guidelines are structured to protect human health and the environment, and the proposed activities do
not violate them, no indirect impacts are anticipated on marine vegetation from the training and testing
activities proposed by the No Action Alternative, Alternative 1, or Alternative 2.
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3.7.3.4 Summary of Potential Impacts (Combined Impacts of All Stressors) on Marine Vegetation

Activities described in this Environmental Impact Statement (EIS)/Overseas EIS that have potential
impacts on vegetation are widely dispersed, and not all stressors would occur simultaneously in a given
location. The stressors that have potential impacts on marine vegetation include acoustic (underwater
and surface explosions) and physical disturbances or strikes (vessel and in-water devices, and military
expended materials). Unlike mobile organisms, vegetation cannot flee from stressors once exposed.
Marine algae are the vegetation most likely to be exposed to multiple stressors in combination because
it occurs in large expanses. Discrete areas of the Study Area (mainly within offshore areas with depths
greater than 26 m (85.3 ft.) in portions of range complexes and testing ranges) could experience higher
levels of activity involving multiple stressors, which could result in a higher potential risk for impacts on
marine algae within those areas. The potential for exposure of seagrasses and attached macroalgae to
multiple stressors would be less because activities are not concentrated in coastal (areas with depths
less than 26 m) distributions of these species. The combined impacts of all stressors would not be
expected to affect marine vegetation populations because (1) activities involving more than one stressor
are generally short in duration, (2) such activities are dispersed throughout the Study Area, and

(3) activities are generally scheduled where previous activities have occurred. The aggregate effect on
marine vegetation would not observably differ from existing conditions.

3.7.3.4.1 Essential Fish Habitat Determinations

Pursuant to the EFH requirements of the Magnuson-Stevens Fishery Conservation and Management Act
and implementing regulations, the use of metal, chemical, other material contaminants, vessel
movement, and in-water devices during training and testing activities would have no adverse impact on
marine vegetation that constitutes EFH or Habitat Areas of Particular Concern. The use of explosives and
other impulsive sources, military expended materials, and seafloor devices during training and testing
activities may adversely affect EFH by reducing the quality and quantity of marine vegetation that
constitutes EFH or Habitat Areas of Particular Concern. Individual stressor impacts on marine vegetation
were either no effect or minimal and ranged in duration from temporary to long term, depending on the
habitat impacted. The EFHA is located on the NWTT EIS website, www.nwtteis.com.
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3.8 MARINE INVERTEBRATES

MARINE INVERTEBRATES SYNOPSIS

The United States Department of the Navy considered all potential stressors and the following
have been analyzed for marine invertebrates:

Acoustic (sonar and other active acoustic sources, underwater explosives)

Energy (electromagnetic devices)

Physical disturbance and strike (vessels and in-water devices, strikes, military expended
materials, and seafloor devices)

Entanglement (fiber optic cables and guidance wires, parachutes)

Ingestion (munitions and military expended materials other than munitions)

Secondary stressors (metals and chemicals)

Preferred Alternative (Alternative 1)

No Endangered Species Act-listed marine invertebrate species are found in the Northwest
Training and Testing Study Area.

Acoustic: The use of sonar and other active acoustic sources, and underwater explosives
is not expected to result in detectable changes in growth, survival, propagation, or
population-level impacts.

Energy: The use of electromagnetic devices is not expected to result in detectable
changes in growth, survival, propagation, or population-level impacts.

Physical Disturbance and Strike: The use of vessels, in-water devices, military expended
materials, and seafloor devices is not expected to result in detectable changes in growth,
survival, propagation, or population-level impacts.

Entanglement: The use of fiber optic cables and guidance wires and parachutes is not
expected to result in detectable changes in growth, survival, propagation, or population-
level impacts.

Ingestion: The use of munitions and military expended materials other than munitions is
not expected to result in detectable changes in growth, survival, propagation, or
population-level impacts.

Secondary: Secondary impacts to marine invertebrates would be inconsequential and not
detectable.

Pursuant to the Essential Fish Habitat (EFH) requirements of the Magnuson-Stevens
Fishery Conservation and Management Act and implementing regulations, the use of
sonar and other acoustic sources, vessel noise, weapons firing noise, electromagnetic
sources, vessel movement, in-water devices, and metal, chemical, or other material
contaminants will have no adverse effect on sedentary invertebrate beds or reefs that
constitute EFH or Habitat Areas of Particular Concern. The use of electromagnetic sources
would have minimal and temporary adverse impact to invertebrates occupying water
column EFH or Habitat Areas of Particular Concern. The use of explosives, military
expended materials, seafloor devices, and explosives and explosive byproduct
contaminants may have an adverse effect on EFH by reducing the quality and quantity of
sedentary invertebrate beds or reefs that constitute EFH or Habitat Areas of Particular
Concern.
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3.8.1 INTRODUCTION

In this Environmental Impact Statement (EIS)/Overseas Environmental Impact Statement (OEIS), marine
invertebrates are evaluated based on their distribution and life history relative to the stressor or activity
being considered. Activities are evaluated for their potential impact on marine invertebrates in general,
and are evaluated by taxonomic and regulatory groupings as appropriate.

Invertebrates are animals without backbones, and marine invertebrates are a large, diverse group of at
least 150,000 species inhabiting the marine environment (Brusca and Brusca 2003). Many of these
species are important to humans ecologically and economically, providing essential ecosystem services
(coastal protection) and income from tourism and commercial and recreational fisheries (Spalding et al.
2001; Anderson et al. 2011). Because marine invertebrates occur in all habitats, activities that affect the
water column or the seafloor could impact numerous zooplankton (tiny animals found near the surface
of the water column that drift along with currents), eggs, larvae, larger invertebrates living in the water
column, and benthic invertebrates that live on or in the seafloor. The greatest densities of marine
invertebrates are usually on the seafloor (Sanders 1968); therefore, activities that contact the seafloor
have a greater potential for impact.

The following subsections briefly introduce federally managed species, habitat types, and major
taxonomic groups of marine invertebrates in the Study Area. Although there are no Endangered Species
Act (ESA) listed invertebrate species in the Study Area, some species are considered candidates for ESA
listing, and were assessed. Federally managed marine invertebrate species regulated under the
Magnuson-Stevens Fishery Conservation and Management Act are described in the Northwest Training
and Testing (NWTT) Essential Fish Habitat Assessment (EFHA), and conclusions from the EFHA will be
summarized in each substressor section. The EFHA is available on the NWTT EIS website,
www.nwtteis.com.

The National Oceanic and Atmospheric Administration Fisheries Office of Protected Resources maintains
a website that provides additional information on the biology, life history, species distribution (including
maps), and conservation of invertebrates.

3.8.2 AFFECTED ENVIRONMENT

Marine invertebrates live in all of the world’s oceans, from warm shallow waters to cold deep waters.
They inhabit the seafloor and water column in all of the large marine ecosystems and open-ocean areas
in the Study Area. Marine invertebrate distribution in the Study Area is influenced by habitat, ocean
currents, and water quality factors such as temperature, salinity, acidity (ocean acidification), and
nutrient content (Levinton 2009). The distribution of invertebrates is also influenced by their distance
from the equator (latitude); in general, the number of marine invertebrate species increases toward the
equator (Macpherson 2002). The higher number of species (diversity) and abundance of marine
invertebrates in coastal habitats, compared with the open ocean, is a result of more nutrient availability
from terrestrial environments and the variety of habitats and substrates found in coastal waters
(Levinton 2009).

Marine invertebrates in the Study Area inhabit coastal waters and benthic habitats, including salt
marshes, kelp forests, soft sediments, canyons, and the continental shelf. Salt marsh invertebrates
include oysters, crabs, and worms that are important prey for birds and small mammals. Mudflats
provide habitat for substantial amounts of crustaceans, bivalves, and worms. The sandy intertidal area is
dominated by species that are highly mobile and can burrow. Some of the most common invertebrates
found in sandy intertidal areas in the Olympic Coast National Marine Sanctuary are razor clams (Siliqua
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patula), Dungeness crabs (Cancer magiste), sea pens (Ptilosarcus gurneyi), smooth bay shrimp (Crangon
stylirostris), Lewis’s moonsnails (Euspira lewisii), and rainbow stars (Orthasterias koehlen) (National
Marine Sanctuaries 2004). One of the most abundant invertebrates found in the near shore areas of the
Study Area on soft sediments are geoduck clams (Panopea generosa).

3.8.2.1 Taxonomic Groups

All marine invertebrate taxonomic groups are represented in the NWTT Study Area (Study Area). Major
invertebrate phyla (taxonomic range)—those with greater than 1,000 species (Appeltans et al. 2010)—
and the general zones they inhabit in the Study Area are listed in Table 3.8-1. Throughout the marine
invertebrate section, organisms may be referred to by their phylum name or, more generally, as marine
invertebrates.

Table 3.8-1: Taxonomic Groups of Marine Invertebrates in the Northwest Training and Testing Study Area

Major Invertebrate Groups? Presence in Study Area
Western
Common Name o Inland
(Species Group) Description Offshore Waters Behm Canal,
Alaska
For_amlr_ufera, o Benthic and pelagic single-celled Water Water Water
radiolarians, ciliates : ) .
(Phylum organisms; shells typically made of column, column, column,
ylum calcium carbonate or silica. seafloor seafloor seafloor
Foraminifera)
Benthic animals; large species have
Spo_nges (Phylum calcium car_bonate or S|I|c§t structures Seafloor Seafloor Seafloor
Porifera) embedded in cells to provide structural
support.
Corals, hydroids, B . . . . o Water Water Water
T enthic and pelagic animals with stinging
jellyfish (Phylum column, column, column,
A cells.
Cnidaria) seafloor seafloor seafloor
Flatworms . . Water Water Water
Mostly benthic; simplest form of marine | | |
(Phylum worm with a flattened bodly. column, column, column,
Platyhelminthes) seafloor seafloor seafloor
Ribbon worms Benthi(_: marine worms with a long _ Water
extension from the mouth (proboscis) column, Seafloor Seafloor
(Phylum Nemertea) | trom the mouth that helps capture food. seafloor
R Small benthic marine worms; many live in Water Water Water
ound worms e . .
close association with other animals column, column, column,
(Phylum Nematoda) : -
(typically as parasites). seafloor seafloor seafloor
Segmented worms Mostly.benthlc, highly mc_)blle marine Seafloor Seafloor Seafloor
(Phylum Annelida) worms; many tube-dwelling species.
Bryozoans (Phylum Lace-like animals that exist as filter
Y y feeding colonies attached to the seafloor Seafloor Seafloor Seafloor
Bryozoa)
and other substrates.
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Table 3.8-1: Taxonomic Groups of Marine Invertebrates in the Northwest Training and Testing Study Area

(continued)

Major Invertebrate Groups? Presence in Study Area
Common Name Inland UESET
(Species Group) Description Offshore Waters Behm Canal,
P P Alaska
Mollusks are a diverse group of
Cephalonods soft-bodied invertebrates with a
€p pods, specialized layer of tissue called a mantle. Water Water Water
bivalves, sea snails, . .
. Mollusks such as squid are active column, column, column,
chitons (Phylum . .
swimmers and predators, while others seafloor seafloor seafloor
Molluska) .
such as sea snails are predators or
grazers and clams are filter feeders.
Shrimp, crab, . . . -
Benthic or pelagic; some are immobile; Water Water Water
barnacles, copepods ) ) .
with an external skeleton; all feeding column, column, column,
(Phylum Arthropoda ’
modes from predator to filter feeder. seafloor seafloor seafloor
- Crustacea)
Sea stars, sea
urchins, sea Benthic predators and filter feeders with Seafloor Seafloor Seafloor
cucumbers (Phylum | tube feet.
Echinodermata)

1 Major species groups (those with more than 1,000 species) are based on the World Register of Marine Species (Appeltans et al.
2010) and Catalogue of Life (Bisby et al. 2010)
Notes: Benthic = A bottom-dwelling organism; Pelagic = relating to, living, or occurring in the waters of the ocean.

3.8.2.2 Invertebrate Hearing and Vocalization

Very little is known about sound detection and use of sound by aquatic invertebrates (Budelmann 2010;
Montgomery et al. 2006; Popper et al. 2001). Organisms may detect sound by sensing either the particle
motion or pressure component of sound, or both. Aquatic invertebrates probably do not detect
pressure since many are generally the same density as water and few, if any, have air cavities that would
function like the fish swim bladder in responding to pressure (Budelmann 2010; Popper et al. 2001).
Many aquatic invertebrates, however, have ciliated “hair” cells that may be sensitive to water
movements, such as those caused by currents or water particle motion very close to a sound source
(Budelmann 2010). These cilia may allow invertebrates to sense nearby prey or predators or help with
local navigation.

Aquatic invertebrates that can sense local water movements with ciliated cells include cnidarians,
flatworms, segmented worms, urochordates (tunicates), mollusks, and arthropods (Budelmann 2010;
Popper et al. 2001). The sensory capabilities of corals are largely limited to detecting water movement
using receptors on their tentacles (Gochfeld 2004), and the exterior cilia of coral larvae likely help them
detect nearby water movements (Vermeij et al. 2010). Some aquatic invertebrates have specialized
organs called statocysts for the determination of equilibrium and, in some cases, linear or angular
acceleration. Statocysts allow an animal to sense movement, and may enable some species, such as
cephalopods and crustaceans, to be sensitive to water particle movements associated with sound (Hu
et al. 2009; Kaifu et al. 2008; Montgomery et al. 2006; Popper et al. 2001). Because any acoustic sensory
capabilities, if present at all, are limited to detecting water motion, and water particle motion near a
sound source falls off rapidly with distance, aquatic invertebrates are probably limited to detecting
nearby sound sources rather than sound caused by pressure waves from distant sources.
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Both behavioral and auditory brainstem response studies suggest that crustaceans may sense sounds up
to three kilohertz (kHz), but best sensitivity is likely below 200 Hertz (Hz) (Lovell et al. 2005; Lovell et al.
2006; Goodall et al. 1990). Most cephalopods (e.g., octopus and squid) likely sense low-frequency sound
below 1,000 Hz, with best sensitivities at lower frequencies (Budelmann 2010; Mooney et al. 2010;
Packard et al. 1990). A few cephalopods may sense higher frequencies up to 1,500 Hz (Hu et al. 2009). in
a study, squid did not respond to toothed whale ultrasonic echolocation clicks at sound pressure levels
ranging from 199 to 226 decibels (dB) referenced to (re) 1 micropascal (uPa) peak-to-peak, likely
because these clicks were outside of squid hearing range (Andre et al. 2011).

Aquatic invertebrates may produce and use sound in territorial behavior, to deter predators, to find a
mate, and to pursue courtship (Popper et al. 2001). Some crustaceans produce sound by rubbing or
closing hard body parts together, such as lobsters and snapping shrimp (Latha et al. 2005; Patek and
Caldwell 2006). The snapping shrimp chorus makes up a significant portion of the ambient noise budget
in many locales (Cato and Bell 1992). Each click is up to 215 dB re 1 puPa, with a peak around 2-5 kHz
(Heberholz and Schmitz 2001). Other crustaceans, such as the California spiny lobster (Panulirus
interruptus), make low-frequency rasping or rumbling noises, perhaps used in defense or territorial
display, that are often obscured by ambient noise (Patek and Caldwell 2006; Patek et al. 2009).

Reef noises, such as fish pops and grunts, sea urchin grazing (around 1.0-1.2 kHz), and snapping shrimp
noises (around 5 kHz) (Radford et al. 2010), may be used as a cue by some aquatic invertebrates. Nearby
reef noises were observed to affect movements and settlement behavior of coral and crab larvae (Jeffs
et al. 2003; Radford et al. 2010; Stanley et al. 2010; Vermeij et al. 2010). Larvae of other crustacean
species, including pelagic and nocturnally emergent species that benefit from avoiding coral reef
predators, appear to avoid reef noises (Simpson et al. 2011). Detection of reef noises is likely limited to
short distances (less than 330 ft. [101 m]) (Vermeij et al. 2010).

3.8.2.3 General Threats

General threats to marine invertebrates include overexploitation and destructive fishing practices
(Jackson et al. 2001; Miloslavich et al. 2011; Pandolfi et al. 2003), habitat degradation from pollution and
coastal development (Cortes and Risk 1985; Downs et al. 2009), disease, and invasive species (Bryant et
al. 1998; Galloway et al. 2009; National Marine Fisheries Service 2010; Wilkinson 2002). These threats
are compounded by global threats to marine life, including the increasing temperature and decreasing
pH of the ocean from pollution linked to global climate change (Cohen et al. 2009; Miloslavich et al.
2011).

In the Study Area, some marine invertebrates that are managed to ensure their sustainable harvest,
have been used as characteristics to define groundfish essential fish habitat, which is designated by
National Marine Fisheries Service (NMFS) and regional fishery management councils. The sustainability
and abundance of these organisms are vital to the marine ecosystem and to the sustainability of the
world’s commercial fisheries (Pauly et al. 2002). Marine invertebrates are harvested for food and for the
aquarium trade. Economically important invertebrate groups that are fished, commercially and
recreationally, for food in the United States are crustaceans (e.g., shrimps, lobsters, and crabs), bivalves
(e.g., scallops, clams, and oysters), and cephalopods (e.g., squid and octopuses) (Morgan and
Chuenpagdee 2003; Pauly et al. 2002). These fisheries are a key part of the commercial fisheries industry
in the United States (Food and Agriculture Organization of the United Nations 2005). Global threats to
crustaceans, bivalves, and cephalopods are largely the result of overfishing, destructive fishing
techniques (e.g., trawling) and habitat modification (Morgan and Chuenpagdee 2003; Pauly et al. 2002).
A relatively new threat to invertebrates is bioprospecting, the collection of organisms in pursuit of new
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compounds for pharmaceutical products (see additional information in Section 3.8.2.6.8, Bryozoans
[Phylum Bryozoal).

Additional information on the biology, life history, and conservation of marine invertebrates can be
found on the websites maintained by the following organizations:

e NMFS, particularly for ESA-listed species, species of concern, and candidate species
e United States (U.S.) Coral Reef Task Force

e MarineBio Conservation Society

e Monterey Bay Aquarium

The discussion above represents general threats to marine invertebrates. Additional threats to individual
species within the Study Area are described below in the accounts of those species. The following
sections include descriptions of species considered candidates for ESA listing, and descriptions of the
major marine invertebrate taxonomic groups in the Study Area. These taxonomic group descriptions
include descriptions of key habitat-forming invertebrates, including reef-forming sponges, corals and
other organisms that define live hardbottom, reef-building worms, oysters, and other reef-building
mollusks.

3.8.2.4 Endangered Species Act-Listed Species
3.8.2.41 Offshore Area

There are no marine invertebrates in the Offshore Area of the Study Area listed as threatened or
endangered under the ESA.

3.8.2.4.2 Inland Waters

There are no marine invertebrates in the Inland Waters of the Study Area listed as threatened or
endangered under the ESA; however, three species are listed as species of concern, the Pinto abalone
(Haliotis kamtschatkana), the Olympia oyster (Ostreola conchaphila), and the Newcomb's littorine snail
(Algamorda subrotundata). There are some concerns regarding status and threats for species of
concern, but insufficient information is available to indicate a need to list the species under the ESA.
Species of concern status does not carry any procedural or substantive protections under the ESA.

3.8.2.4.3 Western Behm Canal, Alaska

There are no marine invertebrates in the Western Behm Canal portion of the Study Area listed as
threatened or endangered under the ESA; however, three species are listed as species of concern, the
Pinto abalone (Haliotis kamtschatkana), the Olympia oyster (Ostreola conchaphila), and the Newcomb's
littorine snail (Algamorda subrotundata). There are some concerns regarding status and threats for
species of concern, but insufficient information is available to indicate a need to list the species under
the ESA. Species of concern status does not carry any procedural or substantive protections under the
ESA.

3.8.2.5 Federally Managed Species

Federally managed species are species whose harvest and protection are overseen by a federal
management council for conservation and as a benefit to the nation. In the context of federally
managed species, the term “fishery” applies to any biologically generated object extracted from the
ocean (e.g., there is a crab “fishery” even though the animals are not fish).
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3.8.2.5.1 Offshore Area

One federally managed species of marine invertebrate is found in the Offshore Area of the Study Area:
the market squid (Loligo opalescens). Assessments in Section 3.8.3 (Environmental Consequences)
combine federally managed species with the rest of their taxonomic group, unless impacts or differential
effects warrant separate treatment. The analysis of impacts on commercial and recreational fisheries is
provided in Section 3.12 (Socioeconomics).

3.8.2.5.2 Inland Waters

One of the federally managed species of marine invertebrates in the Inland Waters portion of the Study
Area is the market squid (Loligo opalescens). Assessments in Section 3.8.3 (Environmental
Consequences) combine federally managed species with the rest of their taxonomic group, unless
impacts or differential effects warrant separate treatment. The analysis of impacts on commercial and
recreational fisheries is provided in Section 3.12 (Socioeconomics).

3.8.2.5.3 Western Behm Canal, Alaska

Federally managed species of marine invertebrates in the Western Behm Canal portion of the Study
Area include four species of scallops (Patinopecten caurinus, Chlamys rubida, Chlamys hastata,
Crassadoma gigantea).

3.8.2.6 Taxonomic Group Descriptions and Distributions
3.8.2.6.1 Foraminiferans, Radiolarians, Ciliates (Phylum Protozoa)

Foraminiferans, radiolarians, and ciliates are minute singled-celled organisms, sometimes forming
colonies of cells, belonging to the Phylum Protozoa (Castro and Huber 2000). They are found in the
water column and seafloor of the world’s oceans. Foraminifera form diverse and intricate shells out of
calcium carbonate (Wetmore 2006). In general, the distribution of foraminiferans, radiolarians, and
ciliates is patchy, occurring in regions with the optimal conditions for growth. The shells of foraminifera
that live in the water column eventually sink to the deep seafloor, forming sediments known as
foraminiferan ooze (Wetmore 2006). Foraminifera feed on diatoms and other small organisms such as
phytoplankton. Their predators include copepods and other zooplankton. Radiolarians are microscopic
organisms that form glass-like shells made of silica. Radiolarian ooze covers large areas of the ocean
floor (Castro and Huber 2000; Wetmore 2006). Ciliates are protozoans with small hairs (cilia) that are
used to feed and for mobility (Castro and Huber 2000).

3.8.2.6.1.1 Offshore Area

In the Offshore Area, foraminiferans, radiolarians, and ciliates can be found freely floating (some are
photosynthetic) and are distributed by ocean currents. The coast of the Pacific Northwest supports high
primary productivity (Sutor et al. 2005). Concentrations greater than 3.0 milligrams of Chlorophyll per
meter cubed (mg chl/m?3) are present throughout the spring, summer, and fall within 40 kilometers (km)
(24.8 miles [mi.]) of shore, and rarely expand beyond 100 km offshore (Thomas and Strub 2001). Lowest
concentrations (< 0.25 mg chl/m3) are usually located over 200 km (124.2 mi.) offshore and intrude
towards the coast in mid-summer (June to July). Each year, two episodes of seasonal bloom occur, one
in spring and another in summer (Figure 3.8-1). The timing of the first of these episodes varies, occurring
from early April to May. The second offshore expansion typically occurs in August (Thomas and Strub
2001).
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Figure 3.8-1: Chlorophyll Concentrations in the Northwest Training and Testing Study Area
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Offshore, and following upwelling events along the coast, there is a dramatic shift in the composition of
the phytoplankton community; the composition changes from blooms of large-sized and chain-forming

diatoms in newly upwelled water along the shelf to phytoplankton communities dominated by cells < 5

microns (ium) in size (Sherr et al. 2005). At two sample stations along an upwelling front off the Oregon

coast, 2-5 um eukaryotic cells (mostly picoplankton) dominated the total phytoplankton biomass (Hood
etal. 1992).

3.8.2.6.1.2 Inland Waters

Four types of protozoans are encountered in the Puget Sound: foraminiferans and radiolarians are
uncommon, while dinoflagellates and ciliates are more abundant. Ciliates are the most consistently
abundant protozoans in the Puget Sound (Strickland 1983).

3.8.2.6.1.3 Western Behm Canal, Alaska

In general, the concentration of phytoplankton decreases with increased distance from the shore and
water depth. A study of sea surface chlorophyll concentrations for southeastern Alaska conducted in
2004 shows increased phytoplankton biomass near the Southeast Alaska Measurement Facility and
other near shore areas between June and August (SALMON Project 2004). These late summer blooms of
phytoplankton are triggered by wind driven vertical mixing of nutrients (lverson et al. 1974, Ziemann et
al. 1991).

3.8.2.6.2 Sponges (Phylum Porifera)

Sponges include over 8,000 marine species worldwide, and are classified in the Phylum Porifera
(Appeltans et al. 2010). Sponges are bottom-dwelling, multi-cellular animals that can be best described
as an aggregation of cells that perform different functions. Sponges are largely sessile (not mobile),
except for their larval stages, and are common throughout the Study Area at all depths. Sponges
reproduce both sexually and asexually. Water flowing through the sponge provides food and oxygen and
removes wastes (Castro and Huber 2000; Collins and Waggoner 2006). Many sponges form calcium
carbonate or silica spicules or bodies embedded in cells to provide structural support (Castro and Huber
2000). Sponges provide homes for a variety of animals, including shrimp, crabs, barnacles, worms, brittle
stars, sea cucumbers, and other sponges (Colin and Arneson 1995d).

3.8.2.6.2.1 Offshore Area

In the Offshore Area glass or siliceous sponges (Hexactinellids) typically live in deep water (500-3,000 m)
(Jamieson and Chew 2002). The hexactinellid sponges are distributed along the continental shelf and are
globally unique in that they are reef-building sponges. Hexactinellid reef-building sponges are different
from other hexactinellids in that their siliceous skeleton remains intact after the death of the sponge to
provide a suitable framework for reef construction. The Olympic Coast National Marine Sanctuary has
found deep-sea corals in depths ranging from 50 m to over 2,000 m on continental shelves, slopes,
canyons, and seamounts. Olympic Coast National Marine Sanctuary research has shown corals and
sponges are widely distributed but generally low density on the continental shelf off Washington
(Olympic Coast National Marine Sanctuary 2012).

Other sponges in the Offshore Area include large brilliant-yellow barrel sponges that are found on
seamounts (Wilson and Kaufmann 1987; Rogers 1994). In general, chemosynthetic communities in
deep-water environments in the Offshore Area of the Study Area also contain sponges (Kojima 2002).
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3.8.2.6.2.2 Inland Waters

In a study by Leys et al. (2004), the coastal waters of British Columbia were examined to document the
glass sponge (hexactinellid) communities that inhabit the fjords. They found nine species of hexactinellid
sponges that were observed on vertical or near-vertical walls and on bare rock or on rock with only a
light sediment cover (Leys et al. 2004). In the Puget Sound section of the Study Area, multiple sponge
communities occur. There are three sponge reef complexes that occur within the Puget Sound Study
Area; these three areas all occur in the northern Puget Sound region from 90 to 210 m of water depth at
North McCall Bank, South McCall Bank, and Fraser Ridge.

3.8.2.6.2.3 Western Behm Canal, Alaska

On the Alaskan and Washington State continental shelves the rockfish trawl fishery has been correlated
with sponge by-catch, suggesting that sponge reefs provide important habitat for many species of fishes
and invertebrates and are distributed in the southeast Alaska area and the Behm Canal (Strickland 1983;
Conway et al. 2002; Whitney et al. 2005).

3.8.2.6.3 Corals, Hydroids, Jellyfish (Phylum Cnidaria)

There are over 10,000 marine species of corals, hydroids, and jellyfish worldwide (Appeltans et al. 2010).
Members of this group are found throughout the Study Area at all depths. Hydroids are colonial animals
similar in form to corals. Hydroids have both flexible and rigid skeletons, but are not considered to be
habitat-forming (Colin and Arneson 1995a; Gulko 1998). Jellyfish are motile as larvae, sessile as an
intermediate colonial polyp stage, and motile as adults (Brusca and Brusca 2003). They are predatory at
all stages and, like all Cnidaria, use tentacles equipped with stinging cells to capture prey (Castro and
Huber 2000; University of California at Berkeley 2010a). Jellyfish are an important prey species for a
range of organisms, including some sea turtles and ocean sunfish (Mola mola) (Heithaus et al. 2002;
James and Herman 2001).

Corals are in a class of animals that also includes anemones and soft corals. The individual unit is
referred to as a polyp, and most species occur as colonies of polyps. All corals feed on small planktonic
organisms or dissolved organic matter (Dubinsky and Berman-Frank 2001). Most hard corals and some
soft corals are habitat forming (i.e., they form three-dimensional structures) (Freiwald et al. 2004;
Spalding et al. 2001).

3.8.2.6.3.1 Offshore Area

Open-ocean or pelagic cnidarians consist of jellyfish (cnidarians), comb jellyfish (ctenophorans),
hydroids, and deep sea corals. In the Offshore Area of the Study Area habitat, with increasing depth,
light intensity declines and eventually algae and plants are unable to survive. Below 100 m (328.1 feet
[ft.]) a few, small, stony corals are found, along with deep-sea corals that lack symbiotic algae
(zooxanthellae) and instead take in plankton and organic matter for their energy needs (Chave and
Malahoff 1998, Olympic Coast National Marine Sanctuary 2012). Headlands are also common along the
open rocky coasts of the Pacific Northwest and are very similar in habitat to islets (Proctor et al. 1980).
Islets and headlands along the Pacific coast are high-energy, unique habitats (Airamé et al. 2003).

Deep-sea coral communities are found along the entire continental slope of the Offshore Area of the
Study Area (Figure 3.8-2).While the mean depth range of deep-sea corals in the Northeast Pacific Ocean
is 265—-1,262 m (869.4-4,140.4 ft.), deep-sea corals of the Study Area occur in water depths ranging
from 9 to 3,450 m (29.5 to 11,318.9 ft.) (Etnoyer and Morgan 2003). At greater depths, animals,
including non-reef-building corals, obtain their food through suspension feeding. The most common
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invertebrates found on seamounts worldwide are cnidarians (i.e., hydroids, jellyfish, anemones, and
corals) (Wilson and Kaufmann 1987, Rogers 1994).

True deep-sea coral communities live in complete darkness, in temperatures as low as 4°C and in waters
as deep as 6,000 m (19,685 ft.) in the Offshore Area of the Study Area. Fifteen such forms of corals occur
in the Offshore Area. These communities include sessile stony corals (Order Scleractinia), soft corals
(Sub Class Octocorallia), black corals (Order Antipatharia), and lace corals (Freiwald et al. 2004, Hain and
Corcoran 2004, Roberts and Hirshfield 2004). In complete darkness, deep-sea corals lack the symbiotic
zooxanthellae found in their tropical counterparts and survive solely on suspension feeding. In the deep
sea, Scleractinia and hydrocorals can build very large three-dimensional structures, “cold-water coral
reefs,” comparable in size and complexity with shallow water coral reefs (Hain and Corcoran 2004).
Deep-sea coral communities are typically found from the edge of the continental shelf to the continental
rise, on banks, and on seamounts (Freiwald et al. 2004). The distribution of known distribution of deep-
sea corals in the Offshore Area of the Study Area is shown in Figure 3.8-2.

3.8.2.6.3.2 Inland Waters

Inshore area islet (small island) habitats support an abundant biota, including many species of
cnidarians, comparable to the benthic communities found on fringing and barrier reefs (Maragos 1998).
Inshore islets occur almost continuously along the Pacific Northwest coastline except at the mouths of
large bays and estuaries (e.g., Columbia River mouth). Human impact in these regions tends to be minor,
allowing islets to provide sheltered habitat for coral communities.

Habitat-forming deep-sea corals occur in the Puget Sound, as well as on the continental shelf of the
Offshore Area. While the mean depth range of deep-sea corals in the Northeast Pacific Ocean is 265 to
1,262 m (869.4 to 4,140.4 ft.), deep-sea corals of the Study Area occur in water depths ranging from 9 to
3,450 m (29.5 to 11,318.9 ft.) (Etnoyer and Morgan 2003). Stylasteriidae corals are found in Puget Sound
and Georgia Strait and on the shelf and shelf slope in waters shallower than 823 m (2,700.1 ft.) (Etnoyer
and Morgan 2003). Jellyfish (cnidarians), comb jellyfish (ctenophorans), and hydroids are also found in
the inland water area, throughout the water column, and on the water surface.

3.8.2.6.3.3 Western Behm Canal, Alaska

Many species of jellyfish occur in the Western Behm Canal as zooplankton, and the red-eye jellyfish
(Polyorchis penicellata) is also present as an adult (Cowles 2006). Deep-sea coral ecosystems are also
widespread throughout most of Alaska’s marine waters, though knowledge of the distribution and
abundance of deep-sea corals in Alaska is lacking. Therefore, deep sea coral may be found in the
Western Behm Canal; however, the exact distribution and abundance of species is currently unknown
(Alaska Coral and Sponge Initiative 2012).

3.8.2.6.4 Flatworms (Phylum Platyhelminthes)

Flatworms include between 8,000 and 20,000 marine species worldwide (Appeltans et al. 2010; Castro
and Huber 2000), and are the simplest form of marine worm (Castro and Huber 2000). The largest single
group of flatworms is parasites commonly found in fishes, seabirds, and marine mammals (Castro and
Huber 2000; University of California Berkeley 2010b). The life history of parasitic flatworms plays a role
in the regulation of populations for the marine vertebrates they inhabit. Ingestion by the host organism
is the primary dispersal method for parasitic flatworms. As parasites, they are not typically found in the
water column, outside of a host organism. The remaining groups are non-parasitic carnivores, living
without a host.

MARINE INVERTEBRATES 3.8-11



NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS OCTOBER 2015

Figure 3.8-2: Deep-Sea Corals in the Northwest Training and Testing Study Area
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Flatworms occur in the Offshore Area, Inland Waters, and the Western Behm Canal, Alaska, portions of
the Study Area as parasites in various fishes, seabirds, and whales that occur throughout the area.
Free-living flat worms are not typically found in the water column, outside of a host organism (Castro
and Huber 2000; University of California Berkeley 2010b).

3.8.2.6.5 Ribbon Worms (Phylum Nemertea)

Ribbon worms include approximately 1,000 marine species worldwide (Appeltans et al. 2010). Ribbon
worms, with their distinct gut and mouth parts, are more complex than flatworms (Castro and Huber
2000). Organisms in this phylum are bottom-dwelling, predatory marine worms that are equipped with a
long extension from the mouth (proboscis) that helps them capture food (Castro and Huber 2000). Some
species are also equipped with a sharp needle-like structure that delivers poison to kill prey. Ribbon
worms occupy an important place in the marine food web as prey for a variety of fish and invertebrates
and as a predator of other bottom-dwelling organisms, such as worms and crustaceans (Castro and
Huber 2000). Some ribbon worms are epiphytic and occupy the inside of the mantle of mollusks, where
they feed on the waste products of their host (Castro and Huber 2000).

Ribbon worms occur on the seafloor of the Offshore Area, the Inland Waters, and the Western Behm
Canal portions of the Study Area. They are widely distributed, carnivorous, and can be parasitic, feeding
on the waste products of their mollusk hosts (Castro and Huber 2000).

3.8.2.6.6 Round Worms (Phylum Nematoda)

Round worms include over 5,000 marine species, though this number may be a gross underestimate
(Appeltans et al. 2010). Common genera include Anisakis and Thynnascaris (Castro and Huber 2000).
Round worms are small and cylindrical, and are abundant in sediments and in host organisms as
parasites (Castro and Huber 2000). Round worms are one of the most widespread marine invertebrates,
with population densities of one million organisms per 11 square feet (ft.?) (1 square meter [m?]) of mud
(Levinton 2009). This group has a variety of food preferences, including algae, small invertebrates,
annelid worms, and organic material from sediment. Like free-living flatworms, parasitic nematodes
provide important ecosystem services by regulating populations of other marine organisms by causing
illness or mortality in less viable organisms.

Round worms occur in the Offshore Area, Inland Waters, and the Western Behm Canal, Alaska, portions
of the Study Area. Nematodes are found in or on most types of organisms as parasites, or commensals.
They inhabit organisms such as mollusks, fish, reptiles, birds, and mammals (Hodda 2000).

3.8.2.6.7 Segmented Worms (Phylum Annelida)

Segmented worms include approximately 12,000 marine species worldwide in the phylum Annelida,
although most marine forms are in the class Polychaeta (Appeltans et al. 2010). Segmented worms are
the most complex group of marine worms, with a well-developed respiratory and gastrointestinal
system (Castro and Huber 2000). Different species of segmented worms may be highly mobile or burrow
in the seafloor (Castro and Huber 2000). Most segmented worms are predators; others are scavengers,
deposit feeders, filter feeders, or suspension feeders of sand, sediment, and water (Hoover 1998c). The
variety of feeding strategies and close connection to the seafloor make Annelids an integral part of the
marine food web (Levinton 2009). Burrowing in the seafloor and agitating the sediment increases the
oxygen content of the seafloor and makes important buried nutrients available to other organisms. This
ecosystem service allows bacteria and other organisms, which are also an important part of the food
web, to flourish on the seafloor.
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3.8.2.6.7.1 Offshore Area

Areas that contain chemosynthetic communities (communities that obtain energy from chemical
oxidation of simple inorganic compounds) in the Offshore Area of the Study Area generally also contain
tubeworms (Kojima 2002). The benthic communities of the Oregon subduction zone are characterized
by colonies of tube worms (phylum Pogonophora, Lamellibrachia barhami) along the crest of the
marginal ridge (Kulm et al. 1986).

3.8.2.6.7.2 Inland Waters

In the Inland Waters portion of the Study Area, well-developed mudflat sediments are anaerobic, stable,
and harbor substantial amounts of organic matter and microorganisms. Polychaete worms dominate the
benthos where these mudflat sediments occur (Proctor et al. 1980).

3.8.2.6.7.3 Western Behm Canal, Alaska

In the Western Behm Canal, Alaska area, polychaete worms dominate the benthos where the canal
harbors substantial amounts of organic matter and microorganisms (Proctor et al. 1980). These worms
are essential to the diet of many Alaskan fish (National Marine Fisheries Service 2012).

3.8.2.6.8 Bryozoans (Phylum Bryozoa)

Bryozoans are small box-like, colony-forming animals that make up “lace corals.” Classified in the
Phylum Bryozoa, there are approximately 5,000 marine species worldwide (Appeltans et al. 2010).
Bryozoans attach to a variety of surfaces, including rocks, shells, wood, artificial substrates, and algae,
and feed on particles suspended in the water (Hoover 1998a). Bryozoans are found throughout the
Study Area. Bryozoans are of economic importance for bioprospecting (the search for organisms for
potential commercial use in pharmaceuticals). As common biofouling organisms, bryozoans also
interfere with boat operations and clog industrial water intakes and conduits (Hoover 1998a).

3.8.2.6.8.1 Offshore Area

The Offshore Area includes the continental slope, and undersea mountains, which are habitats for deep-
sea coral communities that contain bryozoans (U.S. Department of the Navy 2010). Many different
species of bryozoans (such as Stomatopora granulate, Proboscina incrassata, Diaperoecia californica,
Diaperoecia intermedia, Tubulipora flabellaris, Discocytis canadensis, and many more) are found in the
Pacific Northwest and are widely distributed throughout the Offshore Area and in deep-sea coral
communities.

3.8.2.6.8.2 Inland Waters

Two species of bryozoans (Bugula pacifica and Tricellaria occidentalis) from the northern Puget Sound
have been shown to contain antibacterial compounds. The presence of antibacterial compounds may
allow bryozoans to manipulate the microbial film growing on them, and may influence the types of
organisms that are able to live near or on them. The ability to manipulate microbial films may also allow
bryozoans to make the habitat nearby more suitable for the settlement of their own offspring
(Shellenberger and Ross 1998). Bryozoans also make up a portion of deep-sea coral communities, which
are found in a few locations in the Puget Sound and Inland Waters portion of the Study Area (U.S.
Department of the Navy 2010).
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3.8.2.6.8.3 Western Behm Canal, Alaska

The bryozoans common to the Western Behm Canal are leafy bryozoans (Carbasea serrulata, Flustra
serrulata), crusty bryozoans (Escharopsis lobata, Escharopsis sarsi), and ribbed bryozoan
(Rhamphostomella costata). Common substrates for bryozoan attachment in the Western Behm Canal
include rocks and live or dead bivalve, gastropod, and crab shells (AFSC 2012).

3.8.2.6.9 Squid, Bivalves, Sea Snails, Chitons (Phylum Molluska)

Approximately 27,000 marine species are classified in the Phylum Molluska worldwide (Appeltans et al.
2010). Octopus and squid (cephalopods), sea snails and slugs (gastropods), clams and mussels (bivalves),
and chitons (polyplacophorans) are mollusks with a muscular organ called a foot, which is used for
mobility (Castro and Huber 2000). Sea snails and slugs eat fleshy algae and a variety of invertebrates,
including hydroids, sponges, sea urchins, worms, and small crustaceans, as well as detritus (Castro and
Huber 2000; Colin and Arneson 1995c). Clams, mussels, and other bivalves feed on plankton and other
suspended food particles (Castro and Huber 2000). Chitons use rasping tongues, known as radula, to
scrape food (algae) off rocks (Castro and Huber 2000; Colin and Arneson 1995c). Squid and octopus are
active swimmers at all depths, and use a beak to prey on a variety of organisms, including fish, shrimp,
and other squids (Castro and Huber 2000; Hoover 1998c). Octopuses mostly prey on fish, shrimp, eels,
and crabs (Wood and Day 2005).

3.8.2.6.9.1 Offshore Area

In the Offshore Area, chemosynthetic communities are made of organisms that derive their energy from
the conversion of carbon molecules and nutrients into organic matter. These organisms use the
oxidation of inorganic molecules, or methane, as a source of energy (instead of using sunlight, as is the
case with organisms that undergo photosynthesis). In the Pacific Northwest OPAREA giant white clams
and mussels live in these chemosynthetic communities (Kojima 2002). The vesicomyid clam,
Calyptogena kilmeri, is most common in areas characterized by high sulfide concentrations. In contrast,
at the edge of seeps where sulfide levels are lower, C. pacifica is abundant. In cold seeps rich in methane
such as brine pools or methane hydrates, mussels (Bathymodiolus spp.) are the dominant macrofauna.
These mussels have a methane-based symbiosis where intracellular bacteria oxidize the methane and
provide energy for the mussels and the bacteria (Nybakken 2001). Various species are attracted to the
biological activity around cold seeps (Airamé et al. 2003). The benthic communities of the Oregon
subduction zone contain giant clams (Calyptogena spp.) along the crest of the marginal ridge (Kulm et al.
1986). Humboldt squid (Dosidicus gigas) have been found off the coast of California, central Oregon, and
Washington. The highest observed densities were in 2009 and measured 1,671 squid (106 m3)™* (Litz et
al. 2011). Various other species of squid and octopus inhabit the Offshore Area, including the giant
Pacific octopus (Enteroctopus dofleini) (Flory 2007).

3.8.2.6.9.2 Inland Waters

The characteristic fauna of an Inland Waters portion of the Study Area sand flat includes cockle
(Clinocardium nuttalli), white-sand clam (Macoma secta), and bent-nosed clam (M. nasuta) (Proctor et
al. 1980). In unprotected rocky intertidal zones, mussels (Mytilis spp.) and barnacles form a biotic
substrate that provides the necessary habitat for many other species.

Pacific oysters are widely cultivated in Dabob Bay, which is one of only three bays on the west coast
where successful spawning of Pacific oysters occurs. Geoduck clams are the basis of an important
commercial fishery in Puget Sound and are found in lower intertidal to subtidal soft bottom habitats;
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they can be found in waters as deep as 360.9 ft. (110 m) but are most abundant from 29.5 to 59.1 ft.
(9 to 18 m) below mean low water level (U.S. Department of the Navy 2002).

In Puget Sound, hard substrate provides a substrate for the Olympia oyster (Ostreola conchaphila). The
Olympia oyster is the only oyster native to the Pacific Northwest. Historically Olympia oyster beds
existed throughout most of southern Puget Sound and specifically Willapa and Samish Bays. By 1960,
overharvesting and pollution had nearly exterminated most of south Puget Sound’s once-thriving
Olympia oyster populations. In 1998, the Washington Department of Fish and Wildlife developed the
Olympia Oyster Stock Rebuilding Plan. Subsequently, Olympia oysters have survived in north and central
Puget Sound, and populations in the south Sound and Hood Canal are gradually recovering
(Peter-Contesse and Peabody 2005).

Within Washington State, Pacific razor clam (Siliqua patula), geoduck, Manila clam (Veneruplis
philippinarum), and Pacific oyster (Crassostrea gigas) occur and are harvested as a commercial fishery.

Humboldt squid have also been found in Puget Sound (Litz et al. 2011). Various other species of squid
and octopus inhabit the Inland Waters, including the giant Pacific octopus (Flory 2007).

3.8.2.6.9.3 Western Behm Canal, Alaska

The Pacific razor clam occurs from western Alaska to Pismo Beach, California, on flat or gently sloping
sandy beaches with heavy to moderate surf (Moore 2001). Squid and other mollusks could occur in the
Western Behm Canal, Alaska; however, they are not densely distributed in the area.

3.8.2.6.10 Shrimp, Crab, Barnacles, Copepods (Phylum Arthropoda)

Shrimp, crab, barnacles, and copepods are animals with skeletons on the outside of their body (Castro
and Huber 2000). Classified in the Phylum Arthropoda, over 50,000 species belong to the subphylum
Crustacea within Phylum Arthropoda (Appeltans et al. 2010). Shrimp and crabs are typically carnivorous
or omnivorous predators or scavengers, preying on mollusks (primarily gastropods, such as limpets, sea
snails and slugs), other crustaceans, echinoderms (such as starfish, urchins, and sea cucumbers), small
fish, algae, and sea grass (Waikiki Aquarium 20094, b, c; Western Pacific Regional Fishery Management
Council 2009). Barnacles and copepods feed by filtering algae and small organisms from the water
(Levinton 2009).

3.8.2.6.10.1 Offshore Area

Juvenile crabs (megalopae), and copepods tend to seasonally dominate the near-surface zooplankton
community in the Offshore Area of the Study Area (Peterson 1997; Reese et al. 2005; Swartzman et al.
2005). The distribution of zooplankton along the coastline of the Offshore Area of the Study Area can be
described as “patchy,” with localized regions of high zooplankton concentrations spanning a distance
from the coastline out to 93 mi. (150 km) offshore (Swartzman and Hickey 2003; Ressler et al. 2005;
Swartzman et al. 2005); highest zooplankton abundances are found within the upper 65 ft. (20 m) of the
water column over the inner-and mid-shelf (Peterson and Miller 1975, 1977). Adult Dungeness crabs can
be found in waters as deep as 300 ft. (91 m) and on substrates consisting of mud, rock, and gravel
bottoms; however, they prefer soft substrates. The biological diversity of deep-sea coral communities is
high, and includes crustaceans (crabs and lobsters) and mollusks (clams and snails). Deep-sea coral
communities are found along the entire continental slope of the Offshore Area of the Study Area (Figure
3.8-2).
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3.8.2.6.10.2 Inland Waters

In the inshore area, copepods form the largest fraction of the zooplankton biomass in the main basin of
Puget Sound. Small copepods are numerically dominant, with the genus Acartia being the most
abundant. Larger copepods make up the majority of the zooplankton biomass, specifically the genus
Calanus (Strickland 1983). These copepods tend to feed on diatoms that dominate the spring bloom in
the region. Adult Dungeness (crabs can be found in waters as deep as 295 ft. (90 m) and on substrates
consisting of mud, rock, and gravel bottoms; however, they prefer soft substrates. Juvenile crabs are
often found in the soft substrata of intertidal eelgrass beds.

3.8.2.6.10.3 Western Behm Canal, Alaska

In the Western Behm Canal copepods including Pseudocalanus, Acartia, and Centropages, are the
dominate zooplankton. Common species of Anthropoda in the Western Behm Canal portion of the Study
Area include dungeness crab, tanner crab (Chionoecetes bairdi), spot shrimp (Pandalus platyceros), and
coonstripe shrimp (Pandalus hypsinotus). Dungeness crabs are found in estuarine, intertidal, and
subtidal zones. Tanner crabs inhabit deeper water than the Dungeness crab. The Tanner crab is rare in
water less than 328 ft. (100 m) deep and common in depths of over 492 ft. (150 m). Spot shrimp and
coonstripe shrimp are found in high concentrations along the sides of fjord basins. Other less-abundant
shrimp in the Western Behm Canal portion of the Study Area include sidestripe shrimp (Pandalopsis
dispar) and Northern shrimp (Pandalus borealis).

3.8.2.6.11 Sea Stars, Sea Urchins, Sea Cucumbers (Phylum Echinodermata)

Phylum Echinodermata has over 6,000 marine species, such as sea stars, sea urchins, and sea cucumbers
(Appeltans et al. 2010). Sea stars (asteroids), sea urchins (echinoids), sea cucumbers (holothuriods),
brittle stars and basket stars (ophuiroids), and feather stars and sea lilies (crinoids) are symmetrical
around the center axis of the body (Castro and Huber 2000). Most echinoderms have separate sexes,
but unisexual forms occur among the sea stars, sea cucumbers, and brittle stars. Many species have
external fertilization, producing planktonic larvae, but some brood their eggs, never releasing
free-swimming larvae (Colin and Arneson 1995b). Many echinoderms are either scavengers or predators
on organisms that do not move, such as stony corals, sponges, clams, and oysters (Hoover 1998b). Some
species filter food particles from sand, mud, or water.

3.8.2.6.11.1 Offshore Area

In the Offshore Area, invertebrates are found on seamounts and include brittlestars (ophiuroids), sea
lilies (crinoids), seastars, tunicates, sea urchins, and sea cucumbers (Wilson and Kaufmann 1987, Rogers
1994). In many areas of the deep sea, brittlestars are the dominant macrofauna; they are often found
around sea pen (Pennatulacea) beds and are so abundant that their feeding behavior and high activity
levels can alter the ecology of benthic soft-bottom communities. Habitat-forming deep-sea coral
communities are commonly found between 875 and 4,200 ft. deep (265 and 1,260 m), but may be found
as deep as 11,400 ft. (3,450 m) (Etnoyer and Morgan 2003) and include echinoderms (starfish, sea
urchins, brittle stars, and feather stars) (U.S. Department of the Navy 2010).

3.8.2.6.11.2 Inland Waters

Rocky intertidal habitats occur throughout the Inland Waters portion of the Study Area, and are where
various sea anemones, sea stars, and brittle stars are very prominent (Proctor et al. 1980). Predacious
sea stars (Pisaster ochraceous) are characteristic of unprotected rocky intertidal regions (Proctor et al.
1980). These sea stars can be found up to depths of 295 ft. (90 m) and are very resilient to
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environmental changes, such as temperature change, wave action, and decreased water availability
(Grzimeck 1972).

3.8.2.6.11.3 Western Behm Canal, Alaska

Sea anemones, sea stars, brittle stars, red urchins, and other echinoderms occur in rocky intertidal
habitats throughout the Western Behm Canal. The abundance of sea cucumbers in Southeast Alaska is
greatest in the southern and western portions in protected bays and inlets.

Red sea cucumbers (Parastichopus californicus) exist in habitat types ranging from shell debris, gravel,
mud, silt, and boulders. A study conducted in Southeast Alaska showed that the most common habitat
for sea cucumbers was shell debris and gravel. They occupy a broad range of subtidal habitats from
nearshore shallows to over 100 fathoms. In the Western Behm Canal portion of the Study Area, the red
sea urchin (Strongylocentrotus franciscanus) occurs primarily on rocky shorelines of the outside coast
with largest concentrations in southeast. They can inhabit intertidal depth to up to 295.3 ft. (90 m)
(Alaska Department of Fish and Game 2012).

3.8.3 ENVIRONMENTAL CONSEQUENCES

This section analyzes the potential impacts on marine invertebrates from implementing the project
alternatives, including the No Action Alternative, Alternative 1, and Alternative 2. United States
Department of the Navy (Navy) training and testing activities are evaluated for their potential impact on
marine invertebrates in general, by taxonomic groups, species proposed for listing, and federally
managed species or groups (see Section 3.8.2, Affected Environment).

General characteristics of all Navy stressors were introduced in Section 3.0.5.3 (ldentification of
Stressors for Analysis) and living resources' general susceptibilities to stressors are discussed in
Appendix G (Biological Resource Methods). Stressors vary in intensity, frequency, duration, and location
within the Study Area (Table 3.8-2).

Based on the general threats to marine invertebrates discussed in Section 3.8.2 (Affected Environment),
stressors applicable to marine invertebrates in the Study Area and analyzed below include the following:

e Acoustic (sonar and other active acoustic sources, underwater explosives)

e Energy (electromagnetic devices)

e Physical disturbance and strike (vessels and in-water devices, strikes, military expended
materials, and seafloor devices)

e Entanglement (fiber optic cables and guidance wires, decelerator/parachutes)

e Ingestion (munitions and military expended materials other than munitions)

e Secondary stressors (metals and chemicals)

These components are analyzed for potential impacts on marine invertebrates within the stressor
categories contained in this section. The specific analyses of the training and testing activities consider
these components, within the context of geographic location and overlap of marine invertebrate
resources. Training activities are not proposed in the Western Behm Canal; therefore, only the Offshore
Area and the Inland Waters will be analyzed under Training Activities. In addition to the analysis here,
the details of all training and testing activities, stressors, and geographic occurrence within the Study
Area are summarized in Section 3.0.5 3 (ldentification of Stressors for Analysis) and detailed in Appendix
A (Navy Activities Descriptions).
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Table 3.8-2: Stressors for Marine Invertebrates in the Northwest Training and Testing Study Area

Number of Components or Events

No Action . .
Components Area Alternative Alternative 1 Alternative 2
Training | Testing | Training | Testing | Training | Testing
Acoustic Stressors
_ Offshore Area 332 24 551 977 551 1,073
Sonar and other active Inland Waters 0 2061 | 407 5448 | 407 5,939
acoustic sources (hours)
W. Behm Canal 0 0 0 2,762 0 3,838
Offshore Area 880 364 1,616 943 1,616 1,024
Sonar and other active Inland Waters 0 1,188 0 1,308 0 1,410
acoustic sources (items)
W. Behm Canal 0 0 0 0 0 0
Offshore Area 209 0 142 148 142 164
Underwater Explosives Inland Waters 4 0 42 0 42 0
W. Behm Canal 0 0 0 0 0 0
N Offshore Area
Weapons firing, launch, and Inland Waters QUALITATIVE
impact noise
W. Behm Canal
S _ Offshore Area 996 37 1,108 138 1,108 162
ﬁgi“s‘g“es including vessel Inland Waters 4 337 310 582 310 640
W. Behm Canal 0 28 0 60 0 83
S . _ Offshore Area 5,414 8,140 80 8,140 84
ﬁ‘gi“s‘g“es including aircratft Inland Waters 166 117 20 117 25
W. Behm Canal 0 0 0 0 0
Energy Stressors
o _ Offshore Area 0 0 0
Activities |nclut_:i|ng _ Inland Waters
electromagnetic devices
W. Behm Canal 0 0
Physical Disturbance and Strike Stressors
Offshore Area 1,003 39 1,116 158 1,116 187
Activities including vessel Inland Waters 4 339 310 602 310 665
movement
W. Behm Canal 0 28 0 60 0 83
o o Offshore Area 387 38 493 134 493 158
Activities including in-water Inland Waters 0 377 1 628 1 691
devices
W. Behm Canal 0 0 0 0 0 0
Offshore Area 189,815 604 198,028 3,922 198,028 4,325
Military expended materials Inland Waters 8 442 3,085 513 3,085 563
W. Behm Canal 0 0 0 0 0 0
o _ Offshore Area 0 5 0 6 0 7
Activities including seafloor Inland Waters 2 210 16 225 16 239
devices
W. Behm Canal 0 0 0 5 0 15
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Table 3.8-2: Stressors for Marine Invertebrates in the Northwest Training and Testing Study Area (continued)

Number of Components or Events

No Action

Alternative Alternative 1 Alternative 2

Components Area

Training | Testing | Training | Testing | Training | Testing

Entanglement Stressors

_ _ Offshore Area 2 16 0 131 0 153
Fiber optic cables and Inland Waters 0 105 1 245 1 314
guidance wires

W. Behm Canal 0 0 0 0

Offshore Area 8,381 0 8,952 1,210 8,952 1,331
Decelerator/Parachutes Inland Waters 0 0 5
W. Behm Canal 0 0 0 0 0 0

Ingestions Stressors

Offshore Area | 177,926 200 183,374 | 1,946 | 183,374 | 2,139

Military expended materials

T Inland Waters 4 6 3,042 6 3,042 6
from munitions
W. Behm Canal 0 0 0 0 0 0
Offshore Area 11,889 404 9,654 2,057 9,654 2,275
Military expended materials
other than munitions Inland Waters 4 436 43 630 43 738
W. Behm Canal 0 0 0 0 0 0
Secondary Stressors
Offshore Area
Habitat (sediments and water
quality; air quality) Inland Waters QUALITATIVE
W. Behm Canal

3.8.3.1 Acoustic Stressors

Assessing whether sounds may disturb or injure an animal involves understanding the characteristics of
the acoustic sources, the animals that may be near the sound, and the effects that sound may have on
the physiology and behavior of those animals. The methods used to predict acoustic effects on
invertebrates build upon the Conceptual Framework for Assessing Effects from Sound-Producing
Activities (Appendix G, Section G.1). Categories of potential impacts are direct trauma, hearing loss,
auditory masking, behavioral reactions, and physiological stress. Little information is available on the
potential impacts on marine invertebrates of exposure to sonar, explosions, and other sound-producing
activities. Most studies focused on squid or crustaceans, and the consequences of exposures to
broadband impulsive air guns typically used for seismic exploration, rather than on sonar or explosions.

Direct trauma and mortality may occur due to the rapid pressure changes associated with an explosion.
Most marine invertebrates lack air cavities that could make them vulnerable to trauma due to rapid
pressure changes. Marine invertebrates could also be displaced by a shock wave, which could cause
injury.

To experience hearing impacts, masking, behavioral reactions, or physiological stress, a marine
invertebrate must be able to sense sound. Marine invertebrates are likely only sensitive to water
particle motion caused by nearby low-frequency sources, and likely do not sense distant or mid- and
high-frequency sounds (see Section 3.8.2.2, Invertebrate Hearing and Vocalization). Andre et al. (2011)
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found progressive damage to statocyst hair cells in squid after exposure to 2 hours of 50- to 100-Hz
sweeps at sound pressure levels of 157-175 dB re 1 uPa; however, it is impossible to determine whether
damage was because of the sound exposure or some other aspect of capture or captivity because
inappropriate and incorrect controls were used. This limited information suggests that marine
invertebrate statocysts may be resistant to impulsive sound impacts, but that the impact of long-term or
non-impulsive sound exposures is undetermined.

Masking occurs when a sound interferes with an animal’s ability to detect other biologically relevant
sounds in its environment. Little is known about how marine invertebrates use sound in their
environment. Some studies have shown that crab and coral larvae and post-larvae may use nearby reef
sounds when in their settlement phase (Jeffs et al. 2003; Radford et al. 2007; Stanley et al. 2010;
Vermeij et al. 2010), although it is unknown what component of reef noise is used. Larvae likely sense
particle motion of nearby sounds, limiting their reef noise detection range (less than 328 ft. [100 m])
(Vermeij et al. 2010). Anthropogenic sounds could mask important acoustic cues, affecting detection of
settlement cues or predators, potentially affecting larval settlement patterns or survivability in highly
modified acoustic environments (Simpson et al. 2011). Low-frequency sounds could interfere with
perception of low-frequency rasps or rumbles among crustaceans, although these are often already
obscured by ambient noise (Patek et al. 2009).

Studies of invertebrate behavioral responses to sound have focused on responses to impulsive sound.
Some captive squid showed strong startle responses, including inking, when exposed to the first shot of
broadband sound from a nearby seismic airgun (sound exposure level of 163 dB re 1 pPa?-s), but strong
startle responses were not seen when sounds were gradually increased (McCauley et al. 200043, b). Slight
increases in behavioral responses, such as jetting away or changes in swim speed, were observed at
receive levels exceeding 145 dB re 1 pPa%-s (McCauley et al. 20003, b). Other studies have shown no
observable response by marine invertebrates to sounds. Snow crabs did not react to repeated firings of
a seismic airgun (peak received sound level was 201 dB re 1 uPa) (Christian et al. 2003), while squid did
not respond to killer whale echolocation clicks (higher frequency signals ranging from 199 to 226 dBre 1
uPa) (Wilson et al. 2007). Krill did not respond to a research vessel approaching at 2.7 knots (source
level below 150 dB re 1 pPa) (Brierley et al. 2003). Distraction may be a consequence of some sound
exposures. Hermit crabs were shown to delay reaction to an approaching visual threat when exposed to
continuous noise, putting them at increased risk of predation (Chan et al. 2010).

There is some evidence of possible stress effects on invertebrates from long-term or intense sound
exposure. Captive sand shrimp exposed to low-frequency noise (30 to 40 dB above ambient)
continuously for three months demonstrated decreases in both growth rate and reproductive rate
(Lagardere 1982). Sand shrimp showed lower rates of metabolism when kept in quiet, soundproofed
tanks than when kept in tanks with typical ambient noise (Lagardére and Régnault 1980). Repeated
intense airgun exposures caused no changes in biochemical stress markers in snow crabs (Christian et al.
2003), but some biochemical stress markers were observed in cephalopods (Andre et al. 2011). The
study found the first morphological evidence of massive acoustic trauma, in four cephalopod species
subjected to low-frequency controlled-exposure experiments. Exposure to low-frequency sounds
resulted in permanent and substantial alterations of the sensory hair cells of the statocysts, the
structures responsible for the cephalopod’s sense of balance and position. These results indicate a need
for further environmental regulation of human activities that introduce high-intensity, low-frequency
sounds in the ocean, and the need for future research (Andre et al. 2011). No correlation was found
between catch rate and seismic airgun activity, implying no long-term population impacts from
intermittent anthropogenic sound exposure over long periods.
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Because research on the consequences of marine invertebrate exposures to anthropogenic sounds is
limited, qualitative analyses were conducted to determine the effects of the following acoustic stressors
on marine invertebrates within the Study Area: non-impulsive sources (including sonar, vessel noise,
aircraft overflights, and other active acoustic sources) and impulsive acoustic sources (including
explosives and weapons firing).

3.8.3.1.1 Impacts from Sonar and Other Active Acoustic Sources

Sources of sonar and other active acoustic sources during training and testing events include broadband
vessel noise (including surface ships, boats, and submarines), aircraft noise (fixed-wing and rotary-wing
aircraft), sonar, and other active non-impulsive sources. Non-impulsive sounds associated with training
and testing are described in Section 3.0.5.3.1 (Acoustic Stressors).

Surface combatant ships and submarines are designed to be quiet to evade enemy detection, whereas
other Navy ships and small craft have higher source levels, similar to equivalently sized commercial ships
and private vessels (see Section 3.0.5.3.1.4, Vessel Noise). Ship noise tends to be low-frequency and
broadband. Received noise levels from aircraft would depend on the platform, speed, and altitude (see
Section 3.0.5.3.1.5, Aircraft Noise). Aircraft noise transmitted into water is strongest just below the
surface and directly under the aircraft. Sonar and other active acoustic sound sources emit sound waves
into the water to detect objects, safely navigate, and communicate. These sources may emit low-, mid-,
high-, or very-high-frequency sounds at various sound pressure levels.

Most marine invertebrates do not have the capability to sense sound; however, some may be sensitive
to nearby low-frequency and possibly lower-mid-frequency sounds, such as some active acoustic
sources or vessel noise (see Section 3.8.2.2, Invertebrate Hearing and Vocalization). Because marine
invertebrates lack the adaptations that would allow them to sense sound pressure levels at long
distances, the distance at which they may detect a sound is limited.

The relatively low sound pressure level beneath the water surface due to aircraft is likely not detectable
by most marine invertebrates. For example, the sound pressure level from an H-60 helicopter hovering
at 50 ft. (15.3 m) is estimated to be about 125 dB re 1 puPa at 1 m below the surface, a sound pressure
lower than other sounds to which marine invertebrates have shown no reaction (see Section 3.8.3.1,
Acoustic Stressors [sonar and other active acoustic sources, underwater explosives]). Therefore, impacts
due to aircraft noise are not expected.

There are no training activities proposed in the Western Behm Canal portion of the Study Area under
the No Action Alternative, Alternative 1, or Alternative 2. Therefore, non-impulsive sound would have
no impact on marine invertebrates under the No Action Alternative, Alternative 1, or Alternative 2.

3.8.3.1.1.1 No Action Alternative

Training Activities
Offshore Area

The locations and number of activities proposed for training and testing under the No Action Alternative
are shown in Tables 2.8-1 through 2.8-3 of Chapter 2 (Description of Proposed Action and Alternatives).
Training activities producing sound which might affect marine invertebrates are described. Sounds
produced during training are described in Section 3.0.5.3.1.1 (Sonar and Other Active Acoustic Sources),
Section 3.0.5.3.1.4 (Vessel Noise), and Section 3.0.5.3.1.5 (Aircraft Noise).
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Under the No Action Alternative, training activities using sonar and other active acoustic sources would
occur throughout the Offshore Area of the Study Area. Training activities in the Offshore Area would
result in approximately 332 hours of in-water noise from the use of sonar and other active acoustic
sources. In addition to the 332 hours, 880 items that produce in-water acoustic noise would be used.
The location and number of activities proposed for these training activities are shown in Table 2.8-1 of
Chapter 2 (Description of Proposed Action and Alternatives). Navy vessel noise associated with training
would occur throughout the Offshore Area of the Study Area with 996 vessel movements (see

Table 3.0-18).

As discussed above, most marine invertebrates would not sense mid- or high-frequency sounds, distant
sounds, or aircraft noise transmitted through the air-water interface (see Section 3.8.2.2, Invertebrate
Hearing and Vocalization). Most marine invertebrates would not be close enough to intense sound
sources, such as non-impulsive sonar, to potentially experience impacts to sensory structures. Any
marine invertebrate capable of sensing sound may alter its behavior (e.g., change swim speed) if
exposed to non-impulsive sound, although it is unknown if responses to non-impulsive sounds occur.
Continuous noise, like that produced by vessels, may contribute to masking of relevant environmental
sounds, such as reef noise. Because the distance over which most marine invertebrates are expected to
detect any sounds is limited and vessels would be in transit, any sound exposures with the potential to
cause masking or behavioral responses would be brief. Without prolonged proximate exposures,
population level impacts are not expected. Although non-impulsive underwater sounds produced during
training activities may momentarily distract individuals, intermittent exposures to non-impulsive sounds
are not expected to impact survival, growth, recruitment, or reproduction of widespread marine
invertebrate populations.

Inland Waters

The locations and number of activities proposed for training and testing under the No Action Alternative
are shown in Tables 2.8-1 through 2.8-3 of Chapter 2 (Description of Proposed Action and Alternatives).
Sounds produced during training are described in Sections 3.0.5.3.1.1 (Sonar and Other Active Acoustic
Sources) and 3.0.5.3.1.4 (Vessel Noise).

Under the No Action Alternative, training activities using other active acoustic sources would occur in
the Inland Waters. The location and number of activities proposed for these training activities are shown
in Table 2.8-1 of Chapter 2 (Description of Proposed Action and Alternatives). Navy vessel noise
associated with training would occur in the Inland Waters. Under the No Action Alternative, 4 activities
would occur in the inland waters portion of the Study Area (see Table 3.8-2).

As discussed above, most marine invertebrates would not sense distant sounds, or aircraft noise
transmitted through the air-water interface (see Section 3.8.2.2, Invertebrate Hearing and Vocalization).
Most marine invertebrates would not be close enough to intense sound sources, to potentially
experience impacts to sensory structures. Any marine invertebrate capable of sensing sound may alter
its behavior due to masking of relevant environmental sounds. Human-made noise may impact coral
larvae by masking the natural sounds that serve as cues to orient them towards suitable settlement sites
(Vermeij et al. 2010). However, if exposed to non-impulsive sound, it is unknown if behavioral responses
occur. Continuous noise, such as from vessels, may contribute to masking of relevant environmental
sounds. Because the distance over which most marine invertebrates are expected to detect any sounds
is limited and vessels would be in transit, any sound exposures with the potential to cause masking or
behavioral responses would last only minutes. Without prolonged proximate exposures, population-
level impacts are not expected. Although non-impulsive underwater sounds produced during training
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activities may briefly impact individuals, intermittent exposures to non-impulsive sounds under the No
Action Alternative are not expected to impact survival, growth, recruitment, or reproduction of
widespread marine invertebrate populations.

Testing Activities
Offshore Area

Under the No Action Alternative, testing activities using sonar and other active acoustic sources would
occur in the Quinault Range Site surf zone portion of the Study Area (see Figure 2.1-2). Underwater
noise from vessels associated with testing would occur throughout the Offshore Area of the Study Area
while in transit. Under the No Action Alternative, testing activities using sonar and other active acoustic
sources would occur throughout the Offshore Area of the Study Area. Testing activities in the Offshore
Area would result in approximately 24 hours of in-water noise from the use of sonar and other active
acoustic sources. In addition to the 24 hours, 364 items that produce in-water acoustic noise would be
used. The location and number of activities proposed for these testing activities are shown in Tables
2.8-2 and 2.8-3 of Chapter 2 (Description of Proposed Action and Alternatives). Navy vessel noise
associated with testing would occur throughout the Offshore Area of the Study Area with 37 vessel
movements (see Table 3.8-2). Even with testing activities occurring in a smaller area than training
activities, the impacts to marine invertebrates would be the same as for training activities under the No
Action Alternative.

Inland Waters

Under the No Action Alternative, testing activities using sonar and other active acoustic sources would
occur throughout Inland Waters of the Study Area. Underwater noise from vessels and aircraft
overflights associated with testing would occur in all the range complexes, the training ranges, and
throughout the Inland Waters. Certain portions of the Inland Waters, such as areas near Navy ports,
installations, and training and testing ranges are used more heavily by vessels and aircraft than other
portions of the Study Area.

Testing activities in the Inland Waters would result in approximately 2,061 hours of in-water noise from
the use of sonar and other active acoustic sources. In addition to the 2,061 hours, 1,188 items that
produce in-water acoustic noise would be used. The location and number of activities proposed for
these testing activities are shown in Tables 2.8-2 and 2.8-3 of Chapter 2 (Description of Proposed Action
and Alternatives). Navy vessel noise associated with testing would occur in the Inland Waters. Under the
No Action Alternative, 337 activities would occur in the inland waters portion of the Study Area (see
Table 3.8-2).

As discussed above, most marine invertebrates would not sense mid- or high-frequency sounds, distant
sounds, or aircraft noise transmitted through the air-water interface (see Section 3.8.2.2, Invertebrate
Hearing and Vocalization). Most marine invertebrates would not be close enough to intense sound
sources, such as some sonar, to potentially experience impacts to sensory structures. Any marine
invertebrate capable of sensing sound may alter its behavior due to masking of relevant environmental
sounds and become disoriented if exposed to non-impulsive sound, although it is unknown if responses
to non-impulsive sounds occur. Continuous noise, such as from vessels, may contribute to masking of
relevant environmental sounds, such as reef noise. Because the distance over which most marine
invertebrates are expected to detect any sounds is limited and vessels would be in transit, any sound
exposures with the potential to cause masking or behavioral responses would be brief. Without
prolonged proximate exposures, population level impacts are not expected. Although non-impulsive
underwater sounds produced during testing activities may briefly impact individuals (disorient),
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intermittent exposures to non-impulsive sounds under the No Action Alternative are not expected to
impact survival, growth, recruitment, or reproduction of widespread marine invertebrate populations.

Western Behm Canal, Alaska

Under the No Action Alternative, marine invertebrates would be exposed to vessel noise during testing
activities for approximately 28 vessel movements (see Table 3.8-2). The locations and number of
activities proposed for testing under the No Action Alternative are shown in Tables 2.8-2 and 2.8-3 of
Chapter 2 (Description of Proposed Action and Alternatives). Sounds produced during testing are
described in Section 3.0.5.3.1.4 (Vessel Noise).

Any marine invertebrate capable of sensing sound may alter its behavior if exposed to non-impulsive
sound, although it is unknown if responses to non-impulsive sounds occur. Continuous noise, such as
from vessels, may contribute to masking of relevant environmental sounds, such as reef noise. Because
the distance over which most marine invertebrates are expected to detect any sounds is limited and
vessels would be in transit, any sound exposures with the potential to cause masking or behavioral
responses would be brief. Without prolonged proximate exposures, population-level impacts are not
expected. Although non-impulsive underwater sounds produced during testing activities under the No
Action Alternative may momentarily impact individuals, intermittent exposures to non-impulsive sounds
are not expected to impact survival, growth, recruitment, or reproduction of widespread marine
invertebrate populations.

3.8.3.1.1.2 Alternative 1

Training Activities
Offshore Area

Under Alternative 1, marine invertebrates would be exposed to low-, mid-, and high-frequency sonar
and other acoustic sources, vessel noise, and aircraft noise during training activities. Training activities in
the Offshore Area would increase to approximately 551 hours of in-water noise from the use of sonar
and other active acoustic sources, and 1,616 items that produce in-water acoustic noise would be used.
The use of vessels would increase from 996 under the No Action Alternative to 1,108 under Alternative 1
in the offshore portion of the Study Area (see Table 3.8-2)

In comparison to the No Action Alternative, the increased use acoustic sources associated with training
under Alternative 1 would increase the likelihood of exposure of marine invertebrates to non-impulsive
underwater sounds. The expected impacts to any individual marine invertebrates capable of detecting
the sound, however, would remain the same. For the same reasons as stated above in No Action
Alternative, non-impulsive sounds associated with training under Alternative 1 are not expected to
impact marine invertebrates or cause more than a momentary behavioral disturbance (such as
disorientation) to those marine invertebrates capable of detecting nearby sound. No population-level
impacts on the survival, growth, recruitment, or reproduction of marine invertebrate populations are
expected under Alternative 1.

Inland Waters

Under Alternative 1, marine invertebrates would be exposed to low-, mid-, and high-frequency sonar
and other acoustic sources, vessel noise, and aircraft noise during training activities. Training activities in
the Inland Waters would increase to approximately 407 hours of in-water noise from the use of sonar
and other active acoustic sources. The use of vessels would increase from 4 activities under the No
Action Alternative to 310 under Alternative 1 (see Table 3.8-2).
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In comparison to the No Action Alternative, the increased use of sonar, vessels, and aircraft associated
with training under Alternative 1 would increase the likelihood of exposure of marine invertebrates to
non-impulsive underwater sounds. The expected impacts to any individual marine invertebrates capable
of detecting the sound, however, would be similar to the No Action Alternative. However, due to the
increased exposure, there may be the potential for additional impacts. For the same reasons as stated
above in No Action Alternative, non-impulsive sounds associated with training activities under
Alternative 1 are not expected to impact the majority of marine invertebrates or cause more than a
short-term behavioral disturbance (e.g., change in orientation or swim speeds) to some marine
invertebrates capable of detecting nearby sound. No population-level impacts on the survival, growth,
recruitment, or reproduction of marine invertebrate populations are expected under Alternative 1.

Testing Activities
Offshore Area

Under Alternative 1, marine invertebrates would be exposed to low-, mid-, and high-frequency sonar
and other acoustic sources, vessel noise, and aircraft noise during testing activities. Testing activities in
the Offshore Area would increase to approximately 977 hours of in-water noise from the use of sonar
and other active acoustic sources, and 943 items that produce in-water acoustic noise would be used.
The use of vessels would increase, from 37 activities under the No Action Alternative to 138 under
Alternative 1 (see Table 3.8-2).

In comparison to the No Action Alternative, the increased use of sonar, vessels, and aircraft associated
with testing under Alternative 1 would increase the likelihood of exposure of marine invertebrates to
non-impulsive underwater sounds. The expected impacts to any individual marine invertebrates capable
of detecting the sound, however, would remain the same. As discussed above, most marine
invertebrates would not sense distant sounds or aircraft noise transmitted through the air-water
interface (see Section 3.8.2.2, Invertebrate Hearing and Vocalization). Most marine invertebrates would
not be close enough to intense sound sources to potentially experience impacts to sensory structures.
Any marine invertebrate capable of sensing sound may alter its behavior and become disoriented due to
masking of relevant environmental sounds if exposed to non-impulsive sound, although it is unknown if
responses to non-impulsive sounds occur. Continuous noise, such as from vessels, may contribute to
masking of relevant environmental sounds. Because the distance over which most marine invertebrates
are expected to detect any sounds is limited and vessels would be in transit, any sound exposures with
the potential to cause masking or behavioral responses would last only minutes.

For the same reasons as stated above in No Action Alternative, non-impulsive sounds associated with
testing under Alternative 1 are not expected to impact the majority of marine invertebrates or cause
more than a short-term behavioral disturbance (e.g., change in orientation or swim speeds) to those
marine invertebrates capable of detecting nearby sound. No population-level impacts on the survival,
growth, recruitment, or reproduction of marine invertebrate populations are expected under
Alternative 1.

Inland Waters

Under Alternative 1, marine invertebrates would be exposed to low-, mid-, and high-frequency sonar
and other acoustic sources, vessel noise, and aircraft noise during testing activities. Testing activities in
the Inland Waters would increase to approximately 5,448 hours of in-water noise from the use of sonar
and other active acoustic sources, and 1,308 items that produce in-water acoustic noise would be used.
The use of vessels would increase from 337 activities under the No Action Alternative to 582 under
Alternative 1 (see Table 3.8-2).
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In comparison to the No Action Alternative, the increased use of sonar, vessels, and aircraft associated
with testing under Alternative 1 would increase the likelihood of exposure of marine invertebrates to
non-impulsive underwater sounds. The expected impacts to any individual marine invertebrates capable
of detecting the sound, however, would be similar to the No Action Alternative. Due to the increased
exposure, there may be increased potential for additional impacts. For the same reasons as stated
above in No Action Alternative, non-impulsive sounds associated with testing activities under Alternative
1 are not expected to impact most marine invertebrates or cause more than a short-term behavioral
disturbance(e.g., change in orientation or swim speeds to some marine invertebrates capable of
detecting nearby sound. No population-level impacts on the survival, growth, recruitment, or
reproduction of marine invertebrate populations are expected under Alternative 1.

Western Behm Canal, Alaska

Under Alternative 1, marine invertebrates would be exposed to low-, mid-, and high-frequency sonar
and other acoustic sources, vessel noise, and aircraft noise during testing activities. Testing activities in
the Western Behm Canal would result in approximately 2,762 hours of in-water noise from the use of
sonar and other active acoustic sources. The use of vessels would increase from 28 activities under the
No Action Alternative to 60 under Alternative 1 (see Table 3.8-2).

Any marine invertebrate capable of sensing sound may alter its behavior if exposed to non-impulsive
sound, although it is unknown if responses to non-impulsive sounds occur. Continuous noise, such as
from vessels, may contribute to masking of relevant environmental sounds, such as reef noise. Because
the distance over which most marine invertebrates are expected to detect any sounds is limited and
vessels would be in transit, any sound exposures with the potential to cause masking or behavioral
responses would be brief. Without prolonged proximate exposures, population-level impacts are not
expected. Although non-impulsive underwater sounds produced during testing activities under the No
Action Alternative may momentarily impact individuals, intermittent exposures to non-impulsive sounds
are not expected to impact survival, growth, recruitment, or reproduction of widespread marine
invertebrate populations.

3.8.3.1.1.3 Alternative 2

Training Activities
Offshore Area

Under Alternative 2, marine invertebrates would be exposed to low-, mid-, and high-frequency sonar
and other acoustic sources, vessel noise, and aircraft noise during training activities. Training activities in
the Offshore Area would increase to approximately 551 hours of in-water noise from the use of sonar
and other active acoustic sources, and 1,616 items that produce in-water acoustic noise would be used.
The use of vessels would remain 1,108, the same as under Alternative 1 (i.e., an increase from 996 under
the No Action Alternative to 1,108 under Alternative 1 in the offshore portion of the Study Area [see
Table 3.8-2]).

In comparison to the No Action Alternative, the increased use of sonar, vessels, and aircraft associated
with training under Alternative 2 would increase the likelihood of exposure of marine invertebrates to
non-impulsive underwater sounds. The expected impacts to any individual marine invertebrates capable
of detecting the sound, however, would remain the same. For the same reasons as stated above in the
No Action Alternative, non-impulsive sounds associated with training under Alternative 2 are not
expected to impact the majority of marine invertebrates or cause more than a momentary disturbance
to those marine invertebrates capable of detecting nearby sound. No population -level impacts on the
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survival, growth, recruitment, or reproduction of marine invertebrate populations are expected under
Alternative 2.

Inland Waters

Under Alternative 2, marine invertebrates would be exposed to low-, mid-, and high-frequency sonar
and other acoustic sources, vessel noise, and aircraft noise during training activities. Training activities in
the Inland Waters would increase to approximately 407 hours of in-water noise from the use of sonar
and other active acoustic sources. The use of vessels would remain 310, the same as under Alternative 1
(i.e., an increase from 4 activities under the No Action Alternative to 310 under Alternative 1 in the
Inland Waters of the Study Area [see Table 3.8-2]).

Testing Activities
Offshore Area

Under Alternative 2, marine invertebrates would be exposed to low-, mid-, and high-frequency sonar
and other acoustic sources, vessel noise, and aircraft noise during testing activities. Testing activities in
the Offshore Area would increase to approximately 1,073 hours of in-water noise from the use of sonar
and other active acoustic sources, and 1,024 items that produce in-water acoustic noise would be used.
That is an increase from approximately 24 hours and 364 items under the No Action Alternative. The use
of vessels would increase from 37 activities under the No Action Alternative to 162 under Alternative 1
(see Table 3.8-2).

In comparison to the No Action Alternative and Alternative 1, the increased use of sonar, vessels, and
aircraft associated with testing under Alternative 2 would increase the likelihood of exposure of marine
invertebrates to non-impulsive underwater sounds. The expected impacts to any individual marine
invertebrates capable of detecting the sound, however, would remain the same. For the same reasons
as stated in the No Action Alternative, non-impulsive sounds associated with testing under Alternative 1
are not expected to impact the majority of marine invertebrates or cause more than a momentary
behavioral disturbance (e.g., a change in swim speed) to those marine invertebrates capable of
detecting nearby sound. No population-level impacts on the survival, growth, recruitment, or
reproduction of marine invertebrate populations are expected under Alternative 2.

Inland Waters

Under Alternative 2, marine invertebrates would be exposed to low-, mid-, and high-frequency sonar
and other acoustic sources, vessel noise, and aircraft noise during testing activities. Testing activities in
the Inland Waters would increase to approximately 5,939 hours of in-water noise from the use of sonar
and other active acoustic sources, and 1,410 items that produce in-water acoustic noise would be used.
The use of vessels would increase from 337 activities under the No Action Alternative to 640 under
Alternative 2 (see Table 3.8-2).

In comparison to the No Action Alternative and Alternative 1, the increased use of sonar, vessels, and
aircraft associated with testing under Alternative 2 would increase the likelihood of exposure of marine
invertebrates to non-impulsive underwater sounds. The expected impacts to any individual marine
invertebrates capable of detecting the sound, however, would remain similar to Alternative 1. However,
due to the increased exposure, there may be the potential for additional impacts. For the same reasons
as stated above in Alternative 1, non-impulsive sounds associated with testing under Alternative 2 are
not expected to impact most marine invertebrates or cause more than a momentary behavioral
disturbance (e.g., a change in swim speed) to some marine invertebrates capable of detecting nearby
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sound. No population-level impacts on the survival, growth, recruitment, or reproduction of marine
invertebrate populations are expected under Alternative 2.

Western Behm Canal, Alaska

Under Alternative 2 marine invertebrates would be exposed to low-, mid-, and high-frequency sonar and
other acoustic sources, and vessel noise during testing activities. Testing activities in the Western Behm
Canal would result in approximately 3,838 hours of in-water noise from the use of sonar and other
active acoustic sources, an increase from 28 hours under the No Action Alternative. The use of vessels
would increase from 28 activities under the No Action Alternative to 83 under Alternative 2 (see Table
3.8-2).

In comparison to Alternative 1, the increased use of vessels associated with testing under Alternative 2
in the Western Behm Canal portion of the Study Area would increase the likelihood of exposure of
marine invertebrates to non-impulsive underwater sounds. The expected impacts to any individual
marine invertebrates capable of detecting the sound, however, would remain the same. For the same
reasons as stated above in Alternative 1, non-impulsive sounds associated with testing under Alternative
2 are not expected to impact most marine invertebrates or cause more than a momentary behavioral
disturbance (e.g., change in swim speed) to some marine invertebrates capable of detecting nearby
sound. No population-level impacts on the survival, growth, recruitment, or reproduction of marine
invertebrate populations are expected under Alternative 2.

3.8.3.1.1.4 Substressor Impact on Sedentary Invertebrate Beds and Reefs as Essential Fish
Habitat (Preferred Alternative)

Pursuant to the Essential Fish Habitat (EFH) requirements of the Magnuson-Stevens Fishery
Conservation and Management Act and implementing regulations, the use of sonar and other active
acoustic sources during training and testing activities would have no adverse effect on sedentary
invertebrate beds or reefs that constitute EFH or Habitat Areas of Particular Concern within the Study
Area. The EFH Assessment can be found on the NWTT EIS/OEIS website at nwtteis.com.

3.8.3.1.2 Impacts from Underwater Explosives and Other Impulsive Sources

Explosions, weapons firing, launch, and impact of ordnance on the water surface, as well as airguns,
introduce loud, impulsive, broadband sounds into the marine environment. Impulsive sources are
characterized by rapid pressure rise times and high peak pressures. Explosions produce high-pressure
shock waves that could cause injury or physical disturbance due to rapid pressure changes. Some other
impulsive sources, such as airguns, also produce shock waves, but of lower intensity. Impulsive sounds
are usually brief, but the associated rapid pressure changes can injure or startle marine invertebrates.

Limited studies have examined mortality rates of crustaceans at various distances from detonations in
shallow water (Aplin 1947; Chesapeake Biological Laboratory 1948; Gaspin et al. 1976). Similar studies of
mollusks have shown them to be more resistant than crustaceans to explosive impacts (Chesapeake
Biological Laboratory 1948; Gaspin et al. 1976). Other invertebrates found in association with mollusks,
such as sea anemones, polychaete worms, isopods, and amphipods, were observed to be undamaged in
areas near detonations (Gaspin et al. 1976). Using data from these experiments, Young (1991)
developed curves that estimate the distance from an explosion beyond which at least 90 percent of
certain marine invertebrates would survive, depending on the weight of the explosive (Figure 3.8-3).

In deeper waters where most detonations would occur near the water surface, most benthic marine
invertebrates would be beyond the 90 percent survivability ranges shown above, even for larger
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qguantities of explosives. In addition, most detonations would occur near the water surface, releasing a
portion of the explosive energy into the air rather than the water and reducing impacts to marine
invertebrates throughout the water column. The number of organisms affected would depend on the
size of the explosive, the distance from the explosion, and the presence of groups of pelagic
invertebrates. In addition to trauma caused by a shock wave, organisms could be killed in an area of
cavitation that forms near the surface above large underwater detonations. Cavitation is where the
reflected shock wave creates a region of negative pressure followed by a collapse, or water hammer
(see Section 3.0.4, Introduction to Acoustics).

Figure 3.8-3: Prediction of Distance to 90 Percent Survivability of Marine Invertebrates Exposed to Underwater
Explosions (Young 1991)

Some charges are detonated in shallow water or near the seafloor, including explosive ordnance
demolition charges and some explosions associated with mine warfare. In addition to injuring nearby
organisms, a blast near the bottom could potentially disturb hard substrate suitable for colonization (see
Section 3.3.3.1, Acoustic Stressors). An explosion in the near vicinity of hard corals could cause
fragmentation and siltation of the mollusk beds. Live hard bottom (such as shallow coral reefs and
mollusk beds) are avoided during activities involving explosives and precision anchoring exercises
(Chapter 5, Standard Operating Procedures, Mitigation, and Monitoring).

Firing weapons on a ship generates sound by firing the gun (muzzle blast), the shell flying through the
air, and vibration from the blast propagating through the ship’s hull (see Section 3.0.5.3.1.3, Weapons
Firing, Launch, and Impact Noise). In addition, larger non-explosive munitions and targets could produce
loud impulsive noise when hitting the water, depending on the size, weight, and speed of the object at
impact (McLennan 1997). Small- and medium-caliber munitions are not expected to produce substantial
impact noise.
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At a distance, impulses lose their high pressure peak and take on characteristics of non-impulsive
acoustic waves. Similar to the impacts expected for non-impulsive sounds discussed previously, it is
expected these exposures would cause no more than brief startle reactions in some marine
invertebrates.

No underwater explosions or weapons firing would take place for any training or testing activity under
any proposed alternative in the Western Behm Canal portion of the Study Area. Therefore, explosions or
weapons firing would have no impact to marine invertebrates under any alternative.

3.8.3.1.2.1 No Action Alternative

Training Activities

The number of training events using explosives, weapons firing, launches, and non-explosive munitions
and their proposed locations is presented in Tables 3.0-21 and 3.0-22. A discussion of explosives and the
number of detonations in each source class is provided in Section 3.0.5.3.1.2 (Explosives). The types of
noise produced during weapons firing, launches, and non-explosive munitions impact are discussed in
Section 3.0.5.3.1.3 (Weapons Firing, Launch, and Impact Noise).

Offshore Area

Under the No Action Alternative, marine invertebrates would be exposed to explosions at or beneath
the water surface and underwater impulsive noise from weapons firing, launches, and impacts of
non-explosive munitions during training activities. Noise would be produced by explosions, weapons
firing, launches, and impacts of non-explosive munitions throughout the Offshore Area of the Study
Area.

In general, explosive events would consist of a single explosion or a few smaller explosions over a short
period. Some marine invertebrates close to a detonation would likely be killed, injured, damaged, or
displaced. Most detonations would occur greater than 12 nautical miles (nm) from shore, and less than
1 percent would occur in Inland Waters. As water depth increases away from shore, benthic and pelagic
invertebrates would be less likely to be impacted by detonations at or near the surface. Pelagic marine
invertebrates are generally disturbed, rather than struck, as the water flows around the vessel or in-
water device. Shockwaves created by explosions would impact invertebrates in a similar way, causing
them to be disturbed rather than struck as water flows from around the explosion. In addition,
detonations near the surface would release a portion of their explosive energy into the air, reducing the
explosive impacts in the water.

Many corals and hardbottom invertebrates are sessile, fragile, and particularly vulnerable to shock wave
impacts. Many of these organisms are slow-growing and could require decades to recover (Precht et al.
2001). Explosive impacts on benthic invertebrates are more likely when an explosive is large compared
to the water depth or when an explosive is detonated at or near the bottom; however, under the No
Action Alternative in the offshore portion of the Study Area, explosions would occur at or near the water
surface of deep waters as they are meant to explode in the water column, and not on the seafloor,
reducing the likelihood of bottom impacts.

Noise produced by weapons firing, launches, and impacts of non-explosive munitions would consist of a
single or several impulses over a short period and would likely not be injurious. Some marine
invertebrates may be sensitive to the low-frequency component of impulsive sound, and they may
exhibit startle reactions or temporary changes in swim speed in response to an impulsive exposure.
Because exposures are brief, limited in number, and spread over a large area, no long-term impacts due
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to explosions are expected under the No Action Alternative. Although individual marine invertebrates
may be injured or killed during an explosion, no long-term impacts on the survival, growth, recruitment,
or reproduction of marine invertebrate populations are expected from training activities under the No
Action Alternative.

Inland Waters

Under the No Action Alternative, marine invertebrates would be exposed to explosions at or beneath
the water during training activities. Noise could be produced by explosions and weapons firing in the
Inland Waters of the Study Area.

Explosive events under the No Action Alternative would consist of a single explosion. Some marine
invertebrates close to a detonation would likely be killed, injured, damaged, or displaced. The
detonations would occur in Hood Canal and Crescent Harbor. As water depth increases away from the
shoreline, benthic invertebrates would be less likely to be impacted by detonations at or near the
surface.

Many hardbottom invertebrates are sessile, fragile, and particularly vulnerable to shock wave impacts.
Many of these organisms are slow-growing and could require decades to recover (Precht et al. 2001).
Explosive impacts on benthic invertebrates are more likely when an explosive is large compared to the
water depth or when an explosive is detonated at or near the bottom; however, under the No Action
Alternative in the offshore portion of the Study Area, most explosions would occur at or near the water
surface over soft bottom areas of deep waters and, as they are meant to explode in the water column,
and not on the seafloor, that would further reduce the likelihood of bottom impacts.

Because exposure to explosions would be brief and limited in number, no population level impacts from
training activities are expected under the No Action Alternative. Although individual marine
invertebrates may be injured or killed during an explosion, no population level impacts on the survival,
growth, recruitment, or reproduction of marine invertebrate populations are expected under the No
Action Alternative.

Testing Activities

Offshore Area

Under the No Action Alternative, no testing activities involving explosions would occur in the Offshore
Area of the Study Area. Therefore, marine invertebrates would not be exposed to explosions during
testing activities.

Inland Waters

Under the No Action Alternative, marine invertebrates would not be exposed to explosions or weapons
firing during testing activities in the Inland Waters of the Study Area. Therefore, explosions would have
no impact to marine invertebrates under the No Action Alternative.

3.8.3.1.2.2 Alternative 1

Training Activities
Offshore Area

Under Alternative 1, marine invertebrates would be exposed to explosions at or beneath the water
surface and underwater impulsive noise from weapons firing, launches, and impacts of non-explosive
munitions during training activities in the Offshore Area of the Study Area. Although the number of
explosives used in training activities would decrease by about 32 percent compared to training activities
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under the No Action Alternative, these activities would generally occur in the same areas as under the
No Action Alternative (see Table 3.8-2).

Marine invertebrates could be exposed to explosions at or near the water surface and underwater
impulsive noise due to weapons firing, launches, and non-explosive munitions impacts under Alternative
1; however, the type of impacts to individual marine invertebrates from training activities are expected
to remain the same as those described above in the No Action Alternative. Even though individual
marine invertebrates may be injured or killed during an explosion, no population level impacts on the
survival, growth, recruitment, or reproduction of marine invertebrate populations are expected under
Alternative 1.

Inland Waters

Under Alternative 1, marine invertebrates would be exposed to explosions at or beneath the water
surface and underwater impulsive noise from weapons firing during training activities in the Inland
Waters.

Explosives training would increase from two 2.5 Ib. and two 1.5 Ib. underwater detonations at Crescent
Harbor and Hood Canal under the No Action Alternative, respectively, to three 2.5 |Ib. underwater
detonations at each location under Alternative 1. Additionally, under Alternative 1, six annual events
would take place (three each at Crescent Harbor and Hood Canal) in which up to six shock wave action
generators (SWAG) would be used per event. No SWAG events occur under the No Action Alternative.
Each SWAG consists of a small explosive charge of less than one-half ounce. Of the increase in
underwater detonations from the No Action Alternative to Alternative 1, 36 of the 38 would be these
much smaller SWAG detonations.

Training in which weapons firing occurs includes two new activities under Alternative 1 that would not
occur under the No Action Alternative. Four surface-to-surface gunnery exercises would take place
annually in which a total of 1,500 small-caliber blank rounds would be fired. Although this exercise
involves only blanks, the weapons firing noise is similar to that when actual rounds are fired. The second
new activity is a small boat attack exercise proposed to occur once per year at Naval Station Everett,
Naval Base (NAVBASE) Kitsap Bangor, or NAVBASE Kitsap Bremerton. In this activity, 3,000 small-caliber
blank rounds would be fired.

More marine invertebrates could be exposed to explosions at or near the water surface and underwater
impulsive noise due to weapons firing, launches, and non-explosive munitions impacts; however, the
type of impacts from training activities to individual marine invertebrates under Alternative 1 are
expected to remain the same as those described above in the No Action Alternative. Even though
individual marine invertebrates may be injured or killed during an explosion, no population level impacts
on the survival, growth, recruitment, or reproduction of marine invertebrate populations are expected.

Testing Activities
Offshore Area

Under Alternative 1, marine invertebrates would be exposed to explosions at or beneath the water
surface and underwater impulsive sounds due to explosive and non-explosive munitions used during
testing activities conducted by Naval Sea Systems Command (NAVSEA) and Naval Air Systems Command
(NAVAIR) (see Tables 2.8-2 and 2.8-3).

MARINE INVERTEBRATES 3.8-33



NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS OCTOBER 2015

The only explosives that would be used in the Offshore Area would be beyond 12 nm from shore, due to
testing activities using explosive sonobuoys and explosive torpedoes. The number of explosive
sonobuoys used in testing activities would increase from 0 in the No Action Alternative to 148 in
Alternative 1. The number of explosive torpedoes would increase from zero in the No Action Alternative
to six in Alternative 1.

Although more marine invertebrates would be exposed to explosions and impulsive noise due to
weapons firing, launches, and non-explosive munitions impacts under Alternative 1, the type of impacts
to individual marine invertebrates from testing activities are expected to remain the same as those
described for training. Because impulsive exposures are brief, limited in number, and spread over a large
area, no population level impacts due to startle reactions are expected under Alternative 1. Although
individual marine invertebrates may be injured or killed during an explosion, no population level impacts
on the survival, growth, recruitment, or reproduction of marine invertebrate populations are expected
under Alternative 1.

Inland Waters

Under Alternative 1, no underwater explosions or weapons firing testing activities would take place in
the Inland Waters. Therefore, the impacts would be the same as those described under the No Action
Alternative.

3.8.3.1.2.3 Alternative 2
Training Activities
Offshore Area

Under Alternative 2, the number of training activities and number of underwater explosions would be
the same as under Alternative 1 in the Offshore Area of the Study Area. Therefore, Alternative 2 would
have the same impacts as under Alternative 1 in the Offshore Area.

Inland Waters
Under Alternative 2, the type and number of training activities involving weapons firing and underwater

explosions in the Inland Waters would be the same as under Alternative 1. Therefore, Alternative 2
would have the same impacts as under Alternative 1.

Testing Activities
Offshore Area
Under Alternative 2, marine invertebrates would be exposed to explosions at or beneath the water

surface and increased amounts of underwater impulsive sounds due to explosive and non-explosive
munitions used during testing activities.

The only explosives that would be used in the Offshore Area due to testing activities would be explosive

sonobuoys and explosive torpedoes. The number of explosive sonobuoys used in testing activities would
increase from 0 in the No Action Alternative to 164 in Alternative 2. The number of explosive torpedoes

would increase from zero in the No Action Alternative to eight in Alternative 2.

Although more marine invertebrates could be exposed to explosions and impulsive noise due to
explosive and non-explosive munitions impacts, the type of impacts to individual marine invertebrates
from testing activities are expected to remain the same as those described above in Alternative 1.
Because impulsive exposures are brief, limited in number, and spread over a large area, no long-term
impacts due to startle reactions are expected under Alternative 2. Although individual marine
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invertebrates may be injured or killed during an explosion, no population level impacts on the survival,
growth, recruitment, or reproduction of marine invertebrate populations are expected under
Alternative 2.

Inland Waters

Under Alternative 2, no underwater explosions or weapons firing testing activities would take place in
the Inland Waters; therefore, Alternative 2 would have the same impacts as under the No Action
Alternative.

3.8.3.1.2.4 Substressor Impact on Sedentary Invertebrate Beds and Reefs as Essential Fish
Habitat (Preferred Alternative)
Pursuant to the EFH requirements of the Magnuson-Stevens Fishery Conservation and Management Act
and implementing regulations, the use of explosives and other impulsive sources during training and
testing activities may have an adverse effect on EFH by reducing the quality or quantity of sedentary
invertebrate beds or reefs that constitute EFH or Habitat Areas of Particular Concern. The use of other
impulsive sources (weapons firing, launch, and impact noise) during training and testing activities would
not have an adverse effect on EFH by reducing the quality or quantity of sedentary invertebrate beds or
offshore reefs that constitute EFH or Habitat Areas of Particular Concern within the Study Area. The EFH
Analysis is located on the NWTT EIS website, www.nwtteis.com.

3.8.3.1.3 Summary of Effects from Acoustic Stressors

Under the No Action Alternative, Alternative 1, or Alternative 2, exposures to sound-producing and
explosive stressors would occur within the Study Area. The Navy identified and analyzed the following
acoustic and explosive stressors that could impact marine invertebrates: sonar, other active acoustic
sources, vessel noise, aircraft noise, noise from explosions, weapons firing, weapons launches, and
non-explosive water surface impact noise. Both pelagic and benthic marine invertebrates could be
impacted by these stressors. In most cases, marine invertebrates would not respond to impulsive and
non-impulsive sounds, although they may detect and briefly respond to nearby low-frequency sounds.
These short-term responses would likely be inconsequential. Explosions could kill or injure nearby
marine invertebrates. Explosions near the seafloor and very large explosions in the water column may
impact shallow-water corals, mollusk beds, hardbottom habitat and associated marine invertebrates,
and deep-water corals from physical disturbance, fragmentation, or mortality. Most explosions at the
water surface would not injure benthic marine invertebrates because the explosive weights would be
small compared to the water depth.

3.8.3.2 Energy Stressors

This section analyzes the potential impacts of the various types of energy stressors that can occur during
training and testing activities within the Study Area. This section includes analysis of the potential
impacts from electromagnetic devices.

3.8.3.2.1 Impacts from Electromagnetic Devices

Several different types of electromagnetic devices are used during training activities. For a discussion of
the types of activities that use electromagnetic devices, where they are used, and how many activities
would occur under each alternative, see Section 3.0.5.3.2.1 (Electromagnetic). Aspects of
electromagnetic stressors that are applicable to marine organisms in general are presented in

Appendix G, Section G.2 (Conceptual Framework for Assessing Effects from Energy-Producing Activities).
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Little information exists about marine invertebrates’ susceptibility to electromagnetic fields. Some
arthropods (e.g., spiny lobster and American lobster) can sense magnetic fields, and this ability is
thought to assist the animal with navigation and orientation (Lohmann et al. 1995, Normandeau et al.
2011). These animals travel relatively long distances during their lives, and magnetic field sensation may
exist in other invertebrates that travel long distances. Marine invertebrates, including several
commercially important species and federally managed species, could use magnetic cues (Normandeau
et al. 2011). Susceptibility experiments have focused on arthropods, but several mollusks and
echinoderms are also susceptible. However, because susceptibility is variable within taxonomic groups it
is not possible to make generalized predictions for groups of marine invertebrates. Sensitivity thresholds
vary by species ranging from 0.3 to 30 milliteslas, and responses included non-lethal physiological and
behavioral changes (Normandeau et al. 2011). The primary use of magnetic cues seems to be navigation
and orientation. Human-introduced electromagnetic fields could disrupt these cues and interfere with
navigation, orientation, or migration. Because electromagnetic fields weaken exponentially with
increasing distance from their source, large and sustained magnetic fields present greater exposure risks
than small and transient fields, even if the small field is many times stronger than the earth’s magnetic
field (Normandeau et al. 2011). Transient or moving electromagnetic fields may cause temporary
disturbance to susceptible organisms’ navigation and orientation.

No testing activities would involve the use of electromagnetic devices under any alternative. Therefore,
only training activities will be evaluated.

No training activities in the Offshore Area of the Study Area would involve electromagnetic devices
under any alternative. Therefore, electromagnetic devices would have no impact to marine
invertebrates in the Offshore Area under any alternative.

3.8.3.2.1.1 No Action Alternative

Training Activities
Inland Waters

No training or testing activities involving electromagnetic devices would occur in the Inland Waters
under the No Action Alternative. Therefore, electromagnetic devices would have no impact to marine
invertebrates under the No Action Alternative.

3.8.3.2.1.2 Alternative 1

Training Activities
Inland Waters

Table 3.0-16 lists the number and location of training activities that use electromagnetic devices. As
indicated in Section 3.0.5.3.2.1 (Electromagnetic), under Alternative 1, training activities involving
electromagnetic devices occur during Maritime Homeland Defense/Security Mine Countermeasures
Integrated Exercise as part of mine warfare. Training activities that use electromagnetic devices would
occur in the Inland Waters portion of the Study Area once every other year.

The impact of electromagnetic fields on marine invertebrates under Alternative 1 would be
inconsequential because (1) the area exposed to the stressor is extremely small relative to most marine
invertebrates’ ranges; (2) the number of activities involving the stressor is low; (3) exposures would be
localized, temporary, and would cease with the conclusion of the activity; and (4) even for susceptible
invertebrates (e.g., some species of arthropods, mollusks, and echinoderms), the consequences of
exposure are limited to temporary disruptions to navigation and orientation under Alternative 1.
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3.8.3.2.1.3 Alternative 2

Training Activities

Inland Waters

Table 3.0-16 lists the number and location of training activities that use electromagnetic devices. As
indicated in Section 3.0.5.3.2.1 (Electromagnetic), under Alternative 2, training activities involving
electromagnetic devices occur during Maritime Homeland Defense/Security Mine Countermeasures
Integrated Exercise as part of mine warfare. Training activities that use electromagnetic devices would
occur in the Inland Waters portion of the Study Area and would increase to once per year, compared to
once every other year under the No Action Alternative.

The impact of electromagnetic fields on marine invertebrates would be inconsequential because (1) the
area exposed to the stressor is extremely small relative to most marine invertebrates’ ranges; (2) the
number of activities involving the stressor is low; (3) exposures would be localized, temporary, and
would cease with the conclusion of the activity; and (4) even for susceptible invertebrates (e.g., some
species of arthropods, mollusks, and echinoderms) the consequences of exposure are limited to
temporary disruptions to navigation and orientation under Alternative 2.

3.8.3.2.1.4 Substressor Impacts on Sedentary Invertebrate Beds or Reefs as Essential Fish
Habitat
Pursuant to the EFH requirements of the Magnuson-Stevens Fishery Conservation and Management Act
and implementing regulations, the use of electromagnetic devices during training and testing activities
would have minimal and temporary adverse effects on invertebrates that occupy water column EFH or
Habitat Areas of Particular Concern, and would have no adverse effect on sedentary invertebrate beds
or reefs that constitute EFH or Habitat Areas of Particular Concern within the Study Area. The EFH
Analysis is located on the NWTT EIS website, www.nwtteis.com.

3.8.3.2.2 Summary of Effects from Energy Stressors

Exposures to energy stressors are limited spatially and temporally. Available evidence suggests that
many marine invertebrates are not susceptible to electromagnetic fields. If susceptible invertebrates are
near an electromagnetic source and if they sense the electromagnetic field, it could interfere with
navigation and orientation. Because exposures would be temporary and cease with the conclusion of
the activity, electromagnetic sources would not impede or disrupt the overall ability of marine
invertebrates to navigate, orient, or migrate.

3.8.3.3 Physical Disturbance and Strike

This section analyzes the potential impacts of the various types of physical disturbance and strike
stressors used by Navy during training and testing activities within the Study Area. For a list of locations
and numbers of activities that may cause physical disturbance and strikes refer to Section 3.0.5.3.3
(Physical Disturbance and Strike Stressors). The physical disturbance and strike stressors that may
impact marine invertebrates include (1) vessels and in-water devices, (2) military expended materials,
and (3) seafloor devices.

Most marine invertebrate populations extend across wide areas containing hundreds or thousands of
discrete patches of suitable habitat. Sessile (attached to the seafloor) invertebrate populations may be
maintained by complex currents that carry adults and young from place to place. Such widespread
populations are difficult to evaluate in terms of Navy training and testing activities that occur in
relatively small areas of the Study Area. In this context, a physical strike or disturbance would impact
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individual organisms directly or indirectly, but not to the extent that the viability of populations or
species would be impacted.

Activities involving vessels and in-water devices are not intended to contact the seafloor; there is no
potential strike impact and limited potential disturbance impact on benthic or habitat-forming marine
invertebrates.

With the exception of corals, mollusk beds, and other sessile benthic invertebrates, most invertebrate
populations recover quickly from disturbance. Many large invertebrates, such as crabs, shrimps, and
clams, undergo massive disturbance during commercial and recreational harvests. Other invertebrates,
such as the small soft-bodied organisms that live in the bottom sediment, are thought to be well-
adapted to natural physical disturbances, although recovery from some human-induced disturbances
such as trawl fishing can be delayed by decades or more (Lindholm et al. 2011). Both of these
populations would recover from a strike or other disturbance on scales of weeks to years. Biotic
habitats, such as deep-sea coral and sponge communities, may take decades to re-grow following a
strike or disturbance (Precht et al. 2001).

3.8.3.3.1 Impacts from Vessels and In-Water Devices

The majority of the training activities under all the alternatives involve vessels, and a few of the activities
involve the use of in-water devices. For a listing of the number and location of activities that use vessels
and in-water devices, see Tables 3.0-18 and 3.0-20. See Table 3.0-17 for a representative list of Navy
vessel sizes and speeds and Table 3.0-19 for the types, sizes, and speeds of Navy in-water devices used
in the Study Area.

Vessels and in-water devices could impact marine invertebrates by disturbing the water column or
sediments, or directly striking organisms (Bishop 2008). The propeller wash (water displaced by
propellers used for propulsion) from vessel movement and water displaced from vessel hulls could
disturb marine invertebrates in the water column, and is a likely cause of zooplankton mortality (Bickel
et al. 2011). This local and short-term exposure to vessel and propeller movements could displace,
injure, or kill zooplankton, invertebrate eggs or larvae, and macro-invertebrates in the upper portions of
the water column.

Few sources of information are available on the impact of non-lethal chronic disturbance on marine
invertebrates. One study of seagrass-associated marine invertebrates, such as amphipods and
polychaetes, found that chronic disturbance from vessel wakes resulted in the long-term displacement
of some marine invertebrates from the impacted area (Bishop 2008). Impacts of this type resulting from
repeated exposure in shallow water are not likely to result from Navy training and testing activities
because (1) most vessel movements occur in relatively deep water, and (2) vessel movements are
concentrated in well-established port facilities and associated channels (Mintz and Parker 2006).

Vessels and towed in-water devices do not normally collide with invertebrates that inhabit the seafloor
because Navy vessels have navigational capabilities to avoid contact with these habitats. A consequence
of vessel operation in shallow water is increased turbidity from resuspending bottom sediments.
Turbidity can impact invertebrate communities on hardbottom areas by reducing the amount of light
that reaches these organisms and by clogging siphons for filter feeding organisms. Encrusting organisms
residing on hardbottom can be impacted by persistent silting from increased turbidity. In addition,
propeller wash and accidental physical contact with hardbottom areas can cause structural damage to
the substrate as well as mortality to encrusting organisms. While information on the frequency of vessel
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operations in shallow water is not adequate to support a specific risk assessment, typical navigational
procedures minimize the likelihood of contacting the seafloor, and most Navy vessel movements in
nearshore waters are confined to established channels and ports, or predictable transit lanes. Pelagic
marine invertebrates are generally disturbed, rather than struck, as the water flows around the vessel or
in-water device.

Unmanned underwater vehicles travel at relatively low speeds, and are smaller than most vessels,
making the risk of strike or physical disturbance to marine invertebrates very low. These in-water
devices would occur primarily over soft-bottom habitats; their effect would be temporary and localized,
very short in duration, and would not alter the habitat’s ability to function, although they would create a
temporary disturbance in the vicinity of the device. Zooplankton, invertebrate eggs or larvae, and
macro-invertebrates in the water column could be displaced, injured, or killed by unmanned underwater
vehicle movements.

Potential impacts of precision anchoring are qualitatively different than other seafloor devices because
the activity involves repeated disturbance to the same area of seafloor. Precision anchoring occurs in
long-established soft-bottom areas that have a history of disturbance by anchors, and continued
exposure is likely to be inconsequential and not detectable.

There are no training activities proposed in the Western Behm Canal portion of the Study Area under
any Alternative. Therefore, vessels and in-water devices would have no impact on marine invertebrates
under any Alternative.

3.8.3.3.1.1 No Action Alternative

Training Activities

As indicated in Sections 3.0.5.3.3.1 (Vessels) and 3.0.5.3.3.2 (In-Water Devices), the training activities
include vessels and in-water devices.

Offshore Area

Under the No Action Alternative, activities that include in-water devices would occur during training
activities in the Offshore Area.

Species that do not occur near the surface within the Study Area would not be exposed to vessel strikes.
Species that do occur near the surface within the Study Area would have the potential to be exposed to
vessel strikes. Large, slow vessels would pose little risk to marine invertebrates in the open ocean
although, in coastal waters, currents from large vessels may cause resuspension and settlement of
sediment onto sensitive invertebrate communities. Vessels travelling at high speeds would generally
pose more of a risk through propeller action in shallow waters.

There would be a higher likelihood of vessel strikes over the continental shelf portions of the Study Area
because of the concentration of vessel movements in those areas. Exposure of marine invertebrates to
vessel disturbance and strikes is primarily limited to organisms in the uppermost portions of the water
column. Invertebrates that occur on the seafloor, including hardbottom and deep-water corals, are not
likely to be exposed to this stressor because they typically occur at depths greater than that potentially
impacted by vessels.

The impact of vessels on marine invertebrates under the No Action Alternative would be
inconsequential because (1) the area exposed to the stressor amounts to a small portion of each vessel’s
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footprint, and is extremely small relative to most marine invertebrates’ ranges; (2) the frequency of
activities involving the stressor is low such that few individuals could be exposed to more than one
event; and (3) exposures would be localized, temporary, and would cease with the conclusion of the
activity. Training activities involving vessels are not expected to yield any behavioral changes or lasting
effects on the survival, growth, recruitment, or reproduction of invertebrate species at the population
level.

Inland Waters

Within the Inland Waters, these activities would be more concentrated near naval ports, piers and
ranges. The vessels used in the Inland Waters during training would be small boats and submersibles.
Under the No Action Alternative, four activities that include vessel movement would occur during
training activities in the Inland Waters; no activities would include in-water devices.

Vessels travelling at high speeds would generally pose more of a risk through propeller action in shallow
waters. Under the No Action Alternative, these shallow-water vessels would continue to operate in
defined boat lanes with sufficient depths to avoid propeller or hull strikes of benthic invertebrates.

Under the No Action Alternative, the impact of vessels and in-water devices on marine invertebrates
would be inconsequential because (1) the area exposed to the stressor amounts to a small portion of
each vessel’s and in-water device’s footprint, and is extremely small relative to most marine
invertebrates’ ranges; (2) the frequency of activities involving the stressor is very low such that few
individuals could be exposed to more than one event; and (3) exposures would be localized, temporary,
and would cease with the conclusion of the activity. Training activities involving vessels and in-water
devices are not expected to yield any behavioral changes or lasting effects on the survival, growth,
recruitment, or reproduction of invertebrate species at the population level.

Testing Activities
Offshore Area

Under the No Action Alternative, 39 activities that include vessel movement and 38 activities that
include in-water devices would occur during testing activities in the Offshore Area. Surf zone activities
would occur in the Offshore Area of the Study Area at Pacific Beach in the Quinault Range Site, which
extends north to south 5 nm along the eastern boundary of W-237A, approximately 3 nm to shore along
the mean low water line, and encompasses 1 mi. (1.6 km) of shoreline at Pacific Beach, Washington. Surf
zone activities would be conducted from an area on the shore going toward the sea. Surf zone activities
include the use of bottom-crawling unmanned vehicles and have the potential to affect marine
invertebrates located on the seafloor or floating in the water column, since the crawlers are moving
through the water column.

The impact of vessels and in-water devices on marine invertebrates under the No Action Alternative
would be inconsequential because (1) the area exposed to the stressor amounts to a small portion of
each vessel’s and in-water device’s footprint, and is extremely small relative to most marine
invertebrates’ ranges; (2) the frequency of activities involving the stressor is low such that few
individuals could be exposed to more than one event; and (3) exposures would be localized, temporary,
and would cease with the conclusion of the activity. Testing activities involving vessels and in-water
devices are not expected to yield any behavioral changes or lasting effects on the survival, growth,
recruitment, or reproduction of invertebrate species at the population level.
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Inland Waters

Within the Inland Waters, these activities would be more concentrated near naval ports, piers, and
ranges. Some of these activities would involve the use of in-water devices that may crawl along the sea
floor. Under the No Action Alternative, 339 activities that include vessel movement and 377 activities
that include in-water devices would occur during testing activities, and no activities using crawlers
would occur in the Inland Waters.

The impact of vessels and in-water devices on marine invertebrates would be inconsequential because
(1) the area exposed to the stressor amounts to a small portion of each vessel’s and in-water device’s
footprint, and is extremely small relative to most marine invertebrates’ ranges; (2) the frequency of
activities involving the stressor is low such that few individuals could be exposed to more than one
event; and (3) exposures would be localized, temporary, and would cease with the conclusion of the
activity. Testing activities involving vessels and in-water devices are not expected to yield any behavioral
changes or lasting effects on the survival, growth, recruitment, or reproduction of invertebrate species
at the population level.

Western Behm Canal, Alaska

Within the Western Behm Canal portion of the Study Area, these activities would only involve vessel
movements. Under the No Action Alternative, 28 annual testing activities that include vessel movement
would occur in the Western Behm Canal and 0 activities that include in-water devices would occur
during testing activities.

The impact of vessels on marine invertebrates in the Western Behm Canal portion of the Study Area
would be inconsequential because (1) the area exposed to the stressor amounts to a small portion of
each vessel’s and in-water device’s footprint, and is extremely small relative to most marine
invertebrates’ ranges; (2) the frequency of activities involving the stressor is low such that few
individuals could be exposed to more than one event; and (3) exposures would be localized, temporary,
and would cease with the conclusion of the activity. Testing activities involving vessels and in-water
devices are not expected to yield any behavioral changes or lasting effects on the survival, growth,
recruitment, or reproduction of invertebrate species at the population level.

3.8.3.3.1.2 Alternative 1

Training Activities

Offshore Area

The vessels and in-water devices used during training activities under Alternative 1 would increase from

1,390 activities under the No Action Alternative to 1,609 activities. These activities would be widely
dispersed throughout the Offshore Area of the Study Area.

Despite the increase in training activities over the No Action Alternative, the impact of vessels and
in-water devices on marine invertebrates would be inconsequential because (1) the area exposed to the
stressor amounts to a small portion of each vessel’s and in-water device’s footprint, and is extremely
small relative to most marine invertebrates’ ranges; (2) the frequency of activities involving the stressor
is low such that few individuals could be exposed to more than one event; and (3) exposures would be
localized, temporary, and would cease with the conclusion of the activity. Under Alternative 1, activities
involving vessels and in-water devices are not expected to yield any behavioral changes or lasting
impacts on the survival, growth, recruitment, or reproduction of invertebrate species at the population
level.
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Inland Waters

These activities could be widely dispersed throughout the Inland Waters, but would be more
concentrated near naval ports, piers, and ranges. Activities involving vessels and in-water devices would
increase from four under the No Action Alternative to 310 under Alternative 1 (see Table 3.8-2).

The vessels and in-water devices used during training activities under Alternative 1 would be similar to
those described under the No Action Alternative; however, there would be an increase in activities from
the No Action Alternative to Alternative 1. The impact of vessels and in-water devices on marine
invertebrates would be inconsequential because (1) the area exposed to the stressor amounts to a small
portion of each vessel’s and in-water device’s footprint and is extremely small relative to most marine
invertebrates’ ranges; (2) the frequency of activities involving the stressor is low such that few
individuals could be exposed to more than one event; and (3) exposures would be localized, temporary,
and would cease with the conclusion of the activity. Training activities involving vessels and in-water
devices are not expected to yield any behavioral changes or lasting effects on the survival, growth,
recruitment, or reproduction of invertebrate species at the population level.

Testing Activities
Offshore Area

Vessel movements and in-water devices used during NAVSEA testing activities (Table 3.8-2) include new
activities not proposed under the No Action Alternative, including explosive torpedo testing,
countermeasure testing, and anti-submarine warfare testing. However, each of these new activities is
similar to training or testing that is historically conducted in the Offshore Area. Under Alternative 1, 158
activities that include vessel movement and 134 activities that include in-water devices would occur
during testing activities, representing increases of 119 and 96 annual activities from the No Action
Alternative, respectively.

Similar to testing activities under the No Action Alternative, the impact of vessels and in-water devices
on marine invertebrates would be inconsequential because (1) the area exposed to the stressor
amounts to a small portion of each vessel’s and in-water device’s footprint, and is extremely small
relative to most marine invertebrates’ ranges; (2) the frequency of activities involving the stressor is low
such that few individuals could be exposed to more than one event; and (3) exposures would be
localized, temporary, and would cease with the conclusion of the activity. Under Alternative 1, testing
activities involving vessels and in-water devices are not expected to yield any behavioral changes or
lasting effects on the survival, growth, recruitment, or reproduction of invertebrate species at the
population level.

Inland Waters

Within the Inland Waters, these activities would be more concentrated near naval ports, piers and
ranges. Some of these activities would involve the use of in-water devices that may crawl along the sea
floor. Activities involving vessels and in-water devices would increase from 716 under the No Action
Alternative to 1,230 under Alternative 1. Despite this increase, the impact of vessels and in-water
devices on marine invertebrates would be minimal because (1) the area exposed to the stressor
amounts to a small portion of each vessel’s and in-water device’s footprint and is extremely small
relative to most marine invertebrates’ ranges; (2) the frequency of activities involving the stressor is low
such that few individuals could be exposed to more than one event; and (3) exposures would be
localized, temporary, and would cease with the conclusion of the activity. Testing activities involving
vessels and in-water devices are not expected to yield any behavioral changes or lasting effects on the
survival, growth, recruitment, or reproduction of invertebrate species at the population level.
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Western Behm Canal, Alaska

Navy vessel movements would occur in the Western Behm Canal portion of the Study Area during
testing activities under Alternative 1. These activities would increase from 28 under the No Action
Alternative to 60 under Alternative 1. No activities involving in-water devices would occur in the
Western Behm Canal.

Despite this increase, the impact of vessels on marine invertebrates under Alternative 1 would be
inconsequential because (1) the area exposed to the stressor amounts to a small portion of each vessel’s
and in-water device’s footprint, and is extremely small relative to most marine invertebrates’ ranges;

(2) the frequency of activities involving the stressor is low such that few individuals could be exposed to
more than one event; and (3) exposures would be localized, temporary, and would cease with the
conclusion of the activity. Testing activities involving vessels are not expected to yield any behavioral
changes or lasting effects on the survival, growth, recruitment, or reproduction of invertebrate species
at the population level.

3.8.3.3.1.3 Alternative 2
Training Activities
Offshore Area

Under Alternative 2, training activities would be the same quantity as Alternative 1. Therefore,
Alternative 2 would have the same impacts to marine invertebrates as under Alternative 1.

Inland Waters

Under Alternative 2, training activities involving vessels and in-water devices would be consistent with
Alternative 1 (see Table 3.8-2) as the numbers of activities are the same. Therefore, Alternative 2 would
have the same impacts to marine invertebrates as under Alternative 1.

Testing Activities
Offshore Area

Under Alternative 2, 187 activities that include vessel movement and 158 activities that include in-water
devices would occur during testing activities. Although the tempo of activities increases slightly, and
more individuals could be affected, the overall population impacts are the same as under Alternative 1
because of the short duration of events, the time for recovery between events, and the very limited
portion of the population affected. Under Alternative 2, testing activities would be consistent with
Alternative 1. Therefore, Alternative 2 would have the same effects as under Alternative 1.

Inland Waters

The vessels and in-water devices used during testing activities under Alternative 2 would increase by
approximately 10 percent but are similar to those described under Alternative 1. Despite this slight
increase, impacts from testing activities under Alternative 2 would be similar to Alternative 1 for these
reasons: (1) the area exposed to the stressor amounts to a small portion of each vessel’s and in-water
device’s footprint and is extremely small relative to most marine invertebrates’ ranges; (2) the
frequency of activities involving the stressor is low such that few individuals could be exposed to more
than one event; and (3) exposures would be localized, temporary, and would cease with the conclusion
of the activity. Therefore, impacts to marine invertebrates under Alternative 2 from vessel strikes and
in-water devices would be similar to Alternative 1.
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Western Behm Canal, Alaska

Navy vessel movements would occur in the Western Behm Canal portion of the Study Area during
testing activities under Alternative 2. These activities would increase from 28 under the No Action
Alternative to 83 under Alternative 2. No activities involving in-water devices would occur in the
Western Behm Canal.

Despite this increase, the impact of vessels on marine invertebrates under Alternative 2 would be
inconsequential because (1) the area exposed to the stressor amounts to a small portion of each vessel’s
and in-water device’s footprint and is extremely small relative to most marine invertebrates’ ranges;

(2) the frequency of activities involving the stressor is low such that few individuals could be exposed to
more than one event; and (3) exposures would be localized, temporary, and would cease with the
conclusion of the activity. Testing activities involving vessels are not expected to yield any behavioral
changes or lasting effects on the survival, growth, recruitment, or reproduction of invertebrate species
at the population level.

3.8.3.3.1.4 Substressor Impact on Sedentary Invertebrate Beds and Reefs as Essential Fish
Habitat (Preferred Alternative)

Pursuant to the EFH requirements of the Magnuson-Stevens Fishery Conservation and Management Act

and implementing regulations, the use of vessels and in-water devices during training and testing

activities would have no effect on sedentary invertebrate beds or reefs that constitute EFH or Habitat

Areas of Particular Concern within the Study Area. The EFH Analysis is located on the NWTT EIS website,

www.nwtteis.com.

3.8.3.3.2 Impacts from Military Expended Materials

This section analyzes the strike potential to invertebrates from the following categories of military
expended materials: (1) non-explosive practice munitions, (2) fragments from high-explosive munitions,
and (3) expended materials other than ordnance, such as sonobuoys, vessel hulks, and expendable
targets. For a discussion of the types of activities that use military expended materials, where they are
used, and how many activities would occur under each alternative, see Section 3.0.5.3.3.3 (Military
Expended Material).

Military expended materials are deposited throughout the Study Area. However, the majority of military
expended materials are deposited within the Offshore Area, and the Inland Waters, with no military
expended materials being deposited in the Western Behm Canal portion of the Study Area. These areas
of higher military expended materials deposition are generally away from the coastline but on the
continental shelf and slope.

Chaff and flares include canisters, end-caps, and aluminum coated glass fibers. Chaff, in particular, may
be transported great distances by the wind, beyond the areas where they are deployed before
contacting the sea surface. These materials contact the sea surface and seafloor with very little kinetic
energy and their low buoyant weight makes them a negligible strike and abrasion risk. Aerial
countermeasures, therefore, will not be addressed as potential strike and disturbance stressors.

Physical disturbances or strikes by military expended materials on marine invertebrates are possible at
the water's surface, through the water column, and on the seafloor. Disturbance or strike impacts on
marine invertebrates by military expended materials falling through the water column are possible, but
not very likely because military expended materials do not generally sink rapidly enough to cause strike
injury (i.e., as opposed to fragments propelled by high explosives); and exposed invertebrates would
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likely experience only temporary displacement as the object passes by. Therefore, the discussion of
military expended materials disturbance and strikes will focus on military expended materials at the
water's surface and on the seafloor. While marine invertebrates on the seafloor may be impacted by
military expended materials propelled by high explosives, this event is not very likely except for mine
warfare detonations, which typically occur at or near the seafloor. Sessile marine invertebrates and
infauna are particularly susceptible to military expended material strikes, including deep-water corals,
since these species cannot move away from disturbances.

Munitions
Small-, Medium-, and Large-Caliber Projectiles

Various types of projectiles could cause a temporary local impact when they strike the surface of the
water. Navy training in the Study Area, such as gunnery exercises, include firing a variety of weapons
and using a variety of non-explosive training and testing rounds, small-, medium-, and large-caliber
projectiles. Large-caliber projectiles are primarily used in the open ocean beyond 20 nm.

Direct ordnance strikes from firing weapons are potential strike stressors to marine invertebrates.
Military expended materials could impact the water with great force and produce a large impulse.
Physical disruption of the water column is a local, temporary impact, and would be limited to a small
area (within a radius of tens of meters) around the impact point, persisting for a few minutes. Physical
and chemical properties of the surrounding water would be temporarily altered (e.g., slight heating or
cooling and increased oxygen concentrations due to turbulent mixing with the atmosphere), but there
would be no lasting change resulting in long-term impacts on marine invertebrates. Although the sea
surface is rich with invertebrates, most are zooplankton and relatively few are large pelagic
invertebrates (e.g., some jellyfish, squid, and some swimming crabs). Zooplankton, eggs and larvae, and
larger pelagic organisms in the upper portions of the water column could be displaced, injured, or killed
by military expended materials impacting the sea surface. Individual organisms would be impacted
directly or indirectly, but not to the extent that the viability of populations or species would be
impacted, primarily because the number of organisms exposed to these devices is extremely small
relative to population sizes.

Marine invertebrates on the seafloor could be displaced, injured, or killed by military expended
materials contacting the seafloor. While all marine invertebrates living on or in the seafloor are
susceptible to disturbance, strikes, and burial by military expended materials, only sessile (attached to
the seafloor) marine invertebrates are susceptible to impact by abrasion. Decelerator/parachutes are
the principal source of abrasion stressors to marine invertebrates, and these are addressed separately
because the nature of their potential impacts is materially different than other military expended
materials.

Projectiles present the greatest risk of long-term damage to marine invertebrates compared with other
seafloor communities because (1) many invertebrates are sessile, fragile, and particularly vulnerable;
(2) many of these organisms grow slowly, and could require decades to recover (Precht et al. 2001); and
(3) military expended materials are likely to remain mobile for a longer period because natural
encrusting and burial processes are much slower on these habitats than on hardbottom habitats.

Bombs, Missiles, and Rockets

Bombs, missiles, and rockets are potential strike stressors to marine invertebrates. The nature of their
potential impacts is the same as projectiles. However, they are addressed separately because they are
larger than most projectiles, and because high-explosive bombs, missiles, and rockets are likely to
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produce a greater number of small fragments than projectiles. Propelled fragments are produced by
high explosives. Close to the explosion, invertebrates could be injured by propelled fragments. However,
studies of underwater bomb blasts have shown that fragments are larger than those produced during air
blasts and decelerate much more rapidly (O'Keeffe and Young 1984; Swisdak Jr. and Montaro 1992),
reducing the risk to marine organisms. Bombs, missiles, and rockets are designed to explode within 3 ft.
(1 m) of the sea surface where marine invertebrates are relatively infrequent. The fitness of individual
organisms would be impacted directly or indirectly, but not to the extent that the viability of
populations or species would be impacted, primarily because the number of organisms exposed to these
devices would be extremely small relative to population sizes.

Military Expended Materials other than Munitions

Vessel Hulk

Sinking exercises are no longer planned to take place in the NWTT Study Area; therefore, future events
are not included in Alternatives 1 or 2 of this EIS/OEIS. However, in order to analyze impacts under the
No Action Alternative, the following information is provided.

During a sinking exercise, aircraft, ship, and submarine crews deliver ordnance on a surface target,
which is a clean (see Section 3.1, Sediments and Water Quality), deactivated ship deliberately sunk using
multiple weapon systems. Sinking exercises occur in specific open ocean areas, outside of the coastal
range complexes. Ordnance strikes by the various weapons used in these exercises are a potential
source of impacts. However, these impacts are discussed for each of those weapons categories in this
section and are not repeated here. Therefore, the analysis of sinking exercises as a strike potential for
benthic invertebrates is discussed in terms of the vessel hulk landing on the seafloor. The primary
difference between a vessel hulk and other military expended materials as a strike potential for marine
invertebrates is a difference in scale. As the vessel hulk settles on the seafloor, all marine invertebrates
within the footprint of the hulk would be impacted by strike or burial, and invertebrates a short distance
beyond the footprint of the hulk would be disturbed. A vessel hulk may also change ocean flow patterns,
sediment transport, and benthic communities (by creating new suitable hard substrate for attachment
and colonization). Habitat-forming invertebrates (i.e., corals) are likely absent where sinking exercises
are planned because this activity occurs in depths greater than the range of corals and most other
habitat-forming invertebrates (approximately 10,000 ft. [3,048 m]) and away from hydrothermal vent
communities (see Section 3.3, Marine Habitats).

Decelerator/Parachutes

Decelerator/parachutes of varying sizes are used during training and testing activities. For a discussion
of the types of activities that use decelerator/parachutes, physical characteristics of these expended
materials, where they are used, and how many activities would occur under each alternative, see
Section 3.0.5.3.4.2 (Decelerator/Parachutes). See Table 3.0-27 for information regarding the number
and location of activities involving decelerator/parachutes. Activities that expend sonobuoy and air-
launched torpedo decelerator/parachutes generally occur in water deeper than 600 ft. (180 m).
Decelerator/parachutes may impact marine invertebrates by disturbance, strikes, burial, smothering, or
abrasion. Movement of decelerator/parachutes in the water may break more fragile invertebrates such
as deep-water corals.

Countermeasures

Defensive countermeasures such as chaff and flares are used to protect against missile and torpedo
attack. Chaff is made of aluminum-coated glass fibers and flares are pyrotechnic devices. Chaff, chaff
canisters, and flare end caps are expendable materials. Chaff and flares are dispensed from aircraft or
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fired from ships. Marine invertebrates may overlap with areas of chaff and flares that are expended in
the near shore areas of the Study Area. Floating marine invertebrates could occur in any of the locations
that these materials are expended.

No training or testing activities with military expended materials are proposed in the Western Behm
Canal portion of the Study Area under the No Action Alternative, Alternative 1, or Alternative 2.
Therefore, military expended materials would have no impact on marine invertebrates under any
alternative.

3.8.3.3.2.1 No Action Alternative

Training Activities

Offshore Area

The number of military expended materials used in the Offshore Area of the Study Area and their impact
footprints are detailed in Tables 3.3-4 and 3.8-2. Under the No Action Alternative there are 189,815
military expended materials deposited in the Offshore Area.

Military expended materials that are ordnance (e.g., bombs, missiles, rockets, projectiles, and associated
fragments) may strike marine invertebrates at the sea surface or on the seafloor. Consequences of strike
or disturbance may include injury or mortality, particularly within the footprint of the object as it
contacts the seafloor. Secondary impacts are possible if military expended materials are mobilized by
currents or waves, and would cease when the military expended materials are incorporated into the
seafloor by natural encrustation or burial processes. The fitness of individual organisms would be
impacted directly or indirectly, but not to the extent that the viability of populations or species would be
impacted primarily because the number of organisms exposed to these devices would be extremely
small relative to population sizes.

During sinking exercises, pelagic invertebrates present near the water’s surface in the immediate vicinity
of the exercise have the potential to be injured or killed. Sinking exercise vessel hulks contacting the
seafloor would result in mortality of marine invertebrates within the footprint of the hulk and
disturbance or injury of marine invertebrates near the footprint of the hulk. Though the footprint of a
sinking exercise is large relative to other military expended materials, the impacted area is extremely
small relative to the spatial distribution of marine invertebrate populations. Sinking exercises would
impact the fitness of individual organisms directly or indirectly, but not to the extent that the viability of
populations or species would be impacted.

Activities occurring at depths less than 2,600 ft. (800 m) may impact deep-water corals and other marine
invertebrate assemblages. Consequences from impacts of military expended materials on marine
invertebrate assemblages may include breakage, injury, or mortality for each projectile or munitions
(see Section 3.3, Marine Habitats). Decelerator/parachutes may cause abrasion injury or mortality, or
breakage. The fitness of individual organisms would be impacted directly or indirectly, but not to the
extent that the viability of populations or species would be impacted.

The impact of military expended materials under the No Action Alternative on marine invertebrates is
likely to cause injury or mortality to individuals, but impacts to populations would be inconsequential
because (1) the area exposed to the stressor is extremely small relative to most marine invertebrates’
ranges, (2) the activities are dispersed such that few individuals could conceivably be exposed to more
than one event, and (3) exposures would be localized and would cease when the military expended
material stops moving. Training activities involving military expended material are not expected to yield
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any behavioral changes or lasting effects on the survival, growth, recruitment, or reproduction of
invertebrate species at the population level.

Inland Waters

The number of military expended materials used in the Inland Waters under the No Action Alternative
and their impact footprints are detailed in Tables 3.3-6 and 3.8-2. Under the No Action Alternative there
are eight military expended materials deposited in the Inland Waters. Military expended materials, used
in Crescent Harbor and Hood Canal, consist of mine neutralization underwater explosive charges and the
targets used during the mine neutralization training. Impacts to populations would be inconsequential
because (1) the area exposed to the stressor is extremely small relative to most marine invertebrates’
ranges, (2) the activities are dispersed such that few individuals could conceivably be exposed to more
than one event, and (3) exposures would be localized and would be focused on targets.

Testing Activities
Offshore Area

The number of military expended materials and their impact footprints are detailed in Tables 3.3-5 and
3.8-2.

Military expended materials may strike marine invertebrates at the sea surface or on the seafloor.
Military expended materials would number approximately 604 under the No Action Alternative.
Activities occurring at depths less than 2,600 ft. (800 m) may impact deep-water corals and other marine
invertebrate assemblages. Consequences may include breakage, injury, or mortality for each projectile
or munitions (see Section 3.3, Marine Habitats). Decelerator/parachutes and cables may cause abrasion
injury or mortality and breakage. Consequences of strikes or disturbances may include injury or
mortality, particularly within the footprint of the object as it contacts the seafloor. Individual organisms
would be impacted directly or indirectly, but not to the extent that the viability of populations would be
impacted, because the number of organisms exposed to these devices would be extremely small relative
to population sizes.

The impact of military expended materials on marine invertebrates under the No Action Alternative is
likely to cause injury or mortality to individuals, but impacts to populations would be inconsequential
because (1) the area exposed to the stressor is extremely small relative to most marine invertebrates’
ranges, (2) the activities are dispersed such that few individuals could conceivably be exposed to more
than one event, and (3) exposures would be localized and would cease when the military expended
material stops moving. Testing activities involving military expended materials are not expected to yield
any behavioral changes or lasting effects on the survival, growth, recruitment, or reproduction of
invertebrate species at the population level.

Inland Waters

Under the No Action Alternative, 442 expended items would be used for testing in the Inland Waters.
Military expended materials may strike marine invertebrates at the sea surface or on the seafloor.
Consequences of strikes or disturbances may include injury or mortality, particularly within the footprint
of the object as it contacts the seafloor. Individual organisms would be impacted directly or indirectly,
but not to the extent that the viability of populations or species would be impacted primarily, because
the number of organisms exposed to these devices would be extremely small relative to population
sizes.

The impact of military expended materials on marine invertebrates is likely to cause injury or mortality
to individuals, but impacts to populations would be inconsequential because (1) the area exposed to the
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stressor is extremely small relative to most marine invertebrates’ ranges, (2) the activities are dispersed
such that few individuals could conceivably be exposed to more than one event, and (3) exposures
would be localized and would cease when the military expended material stops moving. Testing
activities involving military expended materials are not expected to yield any behavioral changes or
lasting effects on the survival, growth, recruitment, or reproduction of invertebrate species at the
population level.

3.8.3.3.2.2 Alternative 1

Training Activities

Offshore Area

The number of military expended materials and their impact footprints are detailed in Tables 3.3-4 and
3.8-2. Alternative 1 would include a decrease in military expended materials compared to the No Action
Alternative due to the removal of the two sinking exercises. However, the overall number of military
expended materials increases from 189,815 under the No Action Alternative to 198,028 under
Alternative 1 due to an increase in small caliber and chaff utilization.

Since the number of military expended materials used under Alternative 1 is similar compared to the No
Action Alternative, the effects would be similar to those described under the No Action Alternative. The
impact of military expended materials under Alternative 1 on marine invertebrates is likely to cause
injury or mortality to individuals, but impacts to populations would be inconsequential because (1) the
area exposed to the stressor is extremely small relative to most marine invertebrates’ ranges, (2) the
activities are dispersed such that few individuals could conceivably be exposed to more than one event,
and (3) exposures would be localized and would cease when the military expended material stops
moving. Training activities involving military expended material are not expected to yield any behavioral
changes or lasting effects on the survival, growth, recruitment, or reproduction of invertebrate species
at the population level.

Inland Waters

Although Alternative 1 would include an increase in the military expended materials (from 8 to 3,085
annually), all of the military expended materials consist of mine neutralization underwater explosive
charges and the targets used during the mine neutralization training. In no case would either of these
items pose a physical disturbance or strike hazard to marine invertebrates. Impacts to populations
would be inconsequential because (1) the area exposed to the stressor is extremely small relative to
most marine invertebrates’ ranges, (2) the activities are dispersed such that few individuals could
conceivably be exposed to more than one event, and (3) exposures would be localized and would be
focused on targets.

Testing Activities
Offshore Area

The number of military expended materials and their impact footprints are detailed in Tables 3.3-5 and
3.8-2. Activities proposed under Alternative 1 would include the use of sonobuoys and
decelerator/parachutes because of the introduction of new testing activities. Military expended
materials would increase from approximately 604 under the No Action Alternative to 3,922 under
Alternative 1.

The probability of military expended material strikes on marine invertebrates would increase because of
the increase in the number of military expended materials. The impact of military expended materials
on marine invertebrates under Alternative 1 is likely to cause injury or mortality to individuals, but
impacts to populations would be inconsequential because (1) the area exposed to the stressor is
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extremely small relative to most marine invertebrates’ ranges, (2) the activities are dispersed such that
few individuals could conceivably be exposed to more than one event, and (3) exposures would be
localized and would cease when the military expended material stops moving. Testing activities
involving military expended materials are not expected to yield any behavioral changes or lasting effects
on the survival, growth, recruitment, or reproduction of invertebrate species at the population level.

Inland Waters

The amount of military expended materials used in the Inland Waters of the Study Area for Alternative 1
would increase by approximately 16 percent compared to the No Action Alternative. Despite this
increase the impacts would be similar to those described under the No Action Alternative. Activities
involving military expended materials are not expected to yield any behavioral changes or lasting effects
on the survival, growth, recruitment, or reproduction of invertebrate species at the population level.

3.8.3.3.2.3 Alternative 2
Training Activities
Offshore Area

Under Alternative 2, the Navy proposes the same type and tempo of activity resulting in the same
quantity of military expended materials as described in Alternative 1. Therefore, the impacts of
Alternative 2 training activities on marine invertebrates would be the same as for Alternative 1.

Inland Waters

Under Alternative 2, the Navy proposes the same type and tempo of activity resulting in the same
guantity of military expended materials as described in Alternative 1. Therefore, the impacts of
Alternative 2 training activities on marine invertebrates would be the same as for Alternative 1.

Testing Activities
Offshore Area

Military expended materials from testing activities would increase from approximately 604 under the No
Action Alternative to 4,325 under Alternative 2. This equates to an approximately 10 percent increase in
the numbers of military expended materials as described in Alternative 1. Therefore, despite this slight
increase, the impacts of Alternative 2 testing activities on marine invertebrates would be similar to
Alternative 1.

Inland Waters

The amount of military expended materials used in the Inland Waters of the Study Area for Alternative 2
would increase by approximately 27 percent compared to the No Action Alternative. Despite this
increase the effects would be similar to those described under the No Action Alternative. Testing
activities involving military expended materials are not expected to yield any behavioral changes or
lasting effects on the survival, growth, recruitment, or reproduction of invertebrate species at the
population level.

3.8.3.3.2.4 Substressor Impact on Sedentary Invertebrate Beds and Reefs as Essential Fish
Habitat (Preferred Alternative)

Pursuant to the EFH requirements of the Magnuson-Stevens Fishery Conservation and Management Act

and implementing regulations, the use of military expended materials during training and testing

activities may have an adverse effect on EFH by reducing the quality or quantity of sedentary

invertebrate beds or reefs that constitute EFH or Habitat Areas of Particular Concern. The EFHA states

that the impact to sedentary invertebrate beds would be minimal and long-term to permanent in
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duration (based on substrate impacts), whereas impacts to reefs would be individually minimal and
permanent in duration within the Study Area. The EFH Analysis is located on the NWTT EIS website,
www.nwtteis.com.

3.8.3.3.3 Impacts from Seafloor Devices

Seafloor devices are items used during training or testing activities that are deployed onto the seafloor.
These items include moored mine shapes, anchors, bottom-placed instruments, and robotic vehicles
referred to as “crawlers.” Seafloor devices are either stationary or move very slowly along the bottom.

Moored mines deployed by fixed-wing aircraft enter the water and impact the bottom, becoming
partially buried in sediments. Upon impact, the mine casing separates and the semi-buoyant mine floats
up through the water column until it reaches the end of the mooring line. Bottom mines are typically
positioned manually and are allowed to free sink to the bottom to rest. Mine shapes are normally
deployed over soft sediments and are recovered within 7-30 days following the completion of the
training or testing event.

Precision anchoring testing exercises release anchors in precise locations. The intent of these testing
exercises is to practice anchoring the vessel within 100 yards (91 m) of the planned anchorage location.
These testing activities typically occur within predetermined shallow water anchorage locations near
ports with seafloors consisting of unconsolidated sediments. Potential impacts of precision anchoring
are qualitatively different than other seafloor devices because the activity involves repeated disturbance
to the same area of seafloor. Precision anchoring occurs in long-established soft-bottom areas that have
a history of disturbance by anchors, and continued exposure is likely to be inconsequential and not
detectable.

3.8.3.3.3.1 No Action Alternative

The numbers of activities including seafloor devices used for training and testing activities under each of
the Alternatives in the Offshore Area, Inland Waters, and Western Behm Canal are listed in Table 3.8-2.

Training Activities
Offshore Area

No training activities with seafloor devices are proposed in the Offshore Area under the No Action
Alternative. Therefore, seafloor devices for training activities would have no effect on marine
invertebrates under the No Action Alternative.

Inland Waters

Two training activities would use seafloor devices in the Inland Waters under the No Action Alternative.
Training events that include seafloor devices are infrequent and the percentage of training area affected
is small. Seafloor devices are either stationary or move very slowly along the bottom and do not pose a
threat to highly mobile organisms. The training activities in the Study Area would include activities
where seafloor devices would contact bottom substrates. The impact of seafloor devices on marine
invertebrates is likely to cause injury or mortality to individuals, but impacts to populations would be
inconsequential because (1) the area exposed to the stressor is extremely small relative to most marine
invertebrates’ ranges, (2) the activities are dispersed such that few individuals could conceivably be
exposed to more than one activity, and (3) exposures would be localized. Activities involving seafloor
devices are not expected to yield any behavioral changes or lasting impacts on the survival, growth,
recruitment, or reproduction of invertebrate species at the population level.
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Testing Activities
Offshore Area

There are five testing activities with seafloor devices proposed in the Offshore Area under the No Action
Alternative. Seafloor devices are either stationary or move very slowly along the bottom and do not
pose a threat to highly mobile organisms. The training activities in the Study Area would include
activities where seafloor devices would contact bottom substrates. The impact of seafloor devices on
marine invertebrates is likely to cause injury or mortality to individuals, but impacts to populations
would be inconsequential because (1) the area exposed to the stressor is extremely small relative to
most marine invertebrates’ ranges, (2) the activities are dispersed such that few individuals could
conceivably be exposed to more than one activity, and (3) exposures would be localized. Activities
involving seafloor devices are not expected to yield any behavioral changes or lasting impacts on the
survival, growth, recruitment, or reproduction of invertebrate species at the population level.

Inland Waters

Approximately 210 testing activities will use seafloor devices in the Inland Waters under the No Action
Alternative. The testing activities in the Study Area would include activities where seafloor devices
would contact bottom substrates, such as with certain types of unmanned underwater vehicles. Seafloor
devices are either stationary or move very slowly along the bottom and do not pose a threat to highly
mobile organisms. The impact of seafloor devices on marine invertebrates is likely to cause injury or
mortality to individuals, but impacts to populations would be inconsequential because (1) the area
exposed to the stressor is extremely small relative to most marine invertebrates’ ranges, (2) the
activities are dispersed such that few individuals could conceivably be exposed to more than one
activity, and (3) exposures would be localized. Activities involving seafloor devices are not expected to
yield any behavioral changes or lasting impacts on the survival, growth, recruitment, or reproduction of
invertebrate species at the population level.

Western Behm Canal, Alaska

No testing activities with seafloor devices are proposed in the Western Behm Canal under the No Action
Alternative. Therefore, seafloor devices for testing activities would have no effect on marine
invertebrates under the No Action Alternative.

3.8.3.3.3.2 Alternative 1

The numbers of activities including seafloor devices used for training and testing activities under each of
the Alternatives in the Offshore Area, Inland Waters, and Western Behm Canal are listed in Table 3.8-2.

Training Activities
Offshore Area
No training activities with seafloor devices are proposed in the Offshore Area under Alternative 1.

Therefore, seafloor devices for training activities would have no effect on marine invertebrates under
Alternative 1.

Inland Waters

Training activities would increase from two activities that use seafloor devices in the Inland Waters
under the No Action Alternative to 16 under Alternative 1. Seafloor devices are either stationary or
move very slowly along the bottom and do not pose a threat to highly mobile organisms. The training
activities in the Study Area would include activities where seafloor devices would contact bottom
substrates. The impact of seafloor devices on marine invertebrates is likely to cause injury or mortality
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to individuals, but impacts to populations would be inconsequential because (1) the area exposed to the
stressor is extremely small relative to most marine invertebrates’ ranges, (2) the activities are dispersed
such that few individuals could conceivably be exposed to more than one activity, and (3) exposures
would be localized. Activities involving seafloor devices are not expected to yield any behavioral changes
or lasting impacts on the survival, growth, recruitment, or reproduction of invertebrate species at the
population level.

Testing Activities
Offshore Area

Under Alternative 1, the testing activities with seafloor devices would increase from five under the No
Action Alternative to six. The same type of testing activities would occur as under the No Action
Alternative. Seafloor devices are either stationary or move very slowly along the bottom and do not
pose a threat to highly mobile organisms. The training activities in the Study Area would include
activities where seafloor devices would contact bottom substrates. The impact of seafloor devices on
marine invertebrates is likely to cause injury or mortality to individuals, but impacts to populations
would be inconsequential because (1) the area exposed to the stressor is extremely small relative to
most marine invertebrates’ ranges, (2) the activities are dispersed such that few individuals could
conceivably be exposed to more than one activity, and (3) exposures would be localized. Activities
involving seafloor devices are not expected to yield any behavioral changes or lasting impacts on the
survival, growth, recruitment, or reproduction of invertebrate species at the population level.

Inland Waters

Approximately 225 testing activities will use seafloor devices in the Inland Waters under Alternative 1.
The testing activities in the Study Area would include activities where seafloor devices would contact
bottom substrates, such as with certain types of unmanned underwater vehicles. Seafloor devices are
either stationary or move very slowly along the bottom and do not pose a threat to highly mobile
organisms. The training activities in the Study Area would include activities where seafloor devices
would contact bottom substrates. The impact of seafloor devices on marine invertebrates is likely to
cause injury or mortality to individuals, but impacts to populations would be inconsequential because
(1) the area exposed to the stressor is extremely small relative to most marine invertebrates’ ranges, (2)
the activities are dispersed such that few individuals could conceivably be exposed to more than one
activity, and (3) exposures would be localized. Activities involving seafloor devices are not expected to
yield any behavioral changes or lasting impacts on the survival, growth, recruitment, or reproduction of
invertebrate species at the population level.

Western Behm Canal, Alaska

There are five activities that use seafloor devices proposed under Alternative 1 in the Western Behm
Canal. Seafloor devices are either stationary or move very slowly along the bottom and do not pose a
threat to highly mobile organisms. The training activities in the Study Area would include activities
where seafloor devices would contact bottom substrates. The impact of seafloor devices on marine
invertebrates is likely to cause injury or mortality to individuals, but impacts to populations would be
inconsequential because (1) the area exposed to the stressor is extremely small relative to most marine
invertebrates’ ranges, (2) the activities are dispersed such that few individuals could conceivably be
exposed to more than one activity, and (3) exposures would be localized. Activities involving seafloor
devices are not expected to yield any behavioral changes or lasting impacts on the survival, growth,
recruitment, or reproduction of invertebrate species at the population level.
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3.8.3.3.3.3 Alternative 2

The numbers of activities including seafloor devices used for training and testing activities under each of
the Alternatives in the Offshore Area, Inland Waters, and Western Behm Canal are listed in Table 3.8-2.

Training Activities

Offshore Area

No training activities with seafloor devices are proposed in the Offshore Area under Alternative 2.
Therefore, seafloor devices for training activities would have no effect on marine invertebrates under
Alternative 2.

Inland Waters

Approximately 16 training activities will use seafloor devices in the Inland Waters under Alternative 2.
The training activities in the Study Area would include activities where seafloor devices would contact
bottom substrates, such as with certain types of unmanned underwater vehicles. Seafloor devices are
either stationary or move very slowly along the bottom and do not pose a threat to highly mobile
organisms. The training activities in the Study Area would include activities where seafloor devices
would contact bottom substrates. The impact of seafloor devices on marine invertebrates is likely to
cause injury or mortality to individuals, but impacts to populations would be inconsequential because
(1) the area exposed to the stressor is extremely small relative to most marine invertebrates’ ranges, (2)
the activities are dispersed such that few individuals could conceivably be exposed to more than one
activity, and (3) exposures would be localized. Activities involving seafloor devices are not expected to
yield any behavioral changes or lasting impacts on the survival, growth, recruitment, or reproduction of
invertebrate species at the population level.

Testing Activities
Offshore Area

Under Alternative 2, the testing activities with seafloor devices would increase from five under the No
Action Alternative to seven. The same type of testing activities would occur as under the No Action
Alternative. Seafloor devices are either stationary or move very slowly along the bottom and do not
pose a threat to highly mobile organisms. The testing activities in the Study Area would include activities
where seafloor devices would contact bottom substrates. The impact of seafloor devices on marine
invertebrates is likely to cause injury or mortality to individuals, but impacts to populations would be
inconsequential because (1) the area exposed to the stressor is extremely small relative to most marine
invertebrates’ ranges, (2) the activities are dispersed such that few individuals could conceivably be
exposed to more than one activity, and (3) exposures would be localized. Activities involving seafloor
devices are not expected to yield any behavioral changes or lasting impacts on the survival, growth,
recruitment, or reproduction of invertebrate species at the population level.

Inland Waters

Under Alternative 2, the number of seafloor devices would increase from 225 under Alternative 1 to 239
under Alternative 2. Because the increase is not substantial, the impact of seafloor devices would be the
same as under Alternative 1.

Western Behm Canal, Alaska

Testing activities under Alternative 2 that use seafloor devices increases from zero under the No Action
Alternative to 15. The testing activities in the Study Area would include activities where seafloor devices
would contact bottom substrates, such as with certain types of unmanned underwater vehicles. Seafloor
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devices are either stationary or move very slowly along the bottom and do not pose a threat to highly
mobile organisms. The training activities in the Study Area would include activities where seafloor
devices would contact bottom substrates. The impact of seafloor devices on marine invertebrates is
likely to cause injury or mortality to individuals, but impacts to populations would be inconsequential
because (1) the area exposed to the stressor is extremely small relative to most marine invertebrates’
ranges, (2) the activities are dispersed such that few individuals could conceivably be exposed to more
than one activity, and (3) exposures would be localized. Activities involving seafloor devices are not
expected to yield any behavioral changes or lasting impacts on the survival, growth, recruitment, or
reproduction of invertebrate species at the population level.

3.8.3.3.3.4 Substressor Impact on Marine Invertebrates as Essential Fish Habitat from Seafloor
Devices (Preferred Alternative)

Pursuant to the EFH requirements of the Magnuson-Stevens Fishery Conservation and Management Act
and implementing regulations, the use of seafloor devices during training and testing activities may
adversely affect EFH. The EFH Assessment can be found on the NWTT EIS/OEIS website at nwtteis.com.

3.8.3.3.4 Summary of Effects from Physical Disturbance and Strike Stressors

Exposures to physical disturbance and strike stressors occur primarily on the range complexes and
testing ranges within the Study Area. The Navy identified and analyzed three physical disturbance or
strike substressors that could impact marine invertebrates: vessel and in-water device strikes, military
expended materials, and seafloor devices. Vessel and in-water device strikes are unlikely to impact
invertebrates other than plankton, while military expended materials strikes could impact resident
benthic (seafloor) invertebrates. Because vessel and in-water device strikes impact only invertebrates in
the water column it is unlikely to make population impacts in the Study Area. Military expended
material strikes and seafloor devices could impact benthic invertebrates; however, the impact range is
not significant and should not have population-level impacts on marine invertebrates in the Study Area.

3.8.3.4 Entanglement Stressors

This section analyzes the potential entanglement impacts of the various types of expended materials
used by the Navy during training and testing activities within the Study Area. Included are potential
impacts from two types of military expended materials (1) cables and wires and (2)
decelerator/parachutes. Aspects of entanglement stressors that are applicable to marine organisms in
general are presented in Section 3.0.5.3.4 (Entanglement Stressors).

Most marine invertebrates are less susceptible to entanglement than fishes, sea turtles, and marine
mammals due to their size, behavior, and morphology. Because even fishing nets which are designed to
take marine invertebrates operate by enclosing rather than entangling, marine invertebrates seem to be
somewhat less susceptible than vertebrates to entanglement (Chuenpagdee et al. 2003). A survey of
marine debris entanglements found that marine invertebrates composed 16 percent of all animal
entanglements (Ocean Conservancy 2010). The same survey cites potential entanglement in military
items only in the context of waste-handling aboard ships, and not for military expended materials.
Nevertheless, it is conceivable that marine invertebrates, particularly arthropods and echinoderms with
rigid appendages, might become entangled in cables and guidance wires, and in decelerator/parachutes.

3.8.3.4.1 Impacts from Fiber Optic Cables and Guidance Wires

Fiber optic cables are only expended during mine neutralization testing activities and torpedo guidance
wires are used in training and testing activities. For a discussion of the types of activities that use
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guidance wires and fiber optic cables, physical characteristics of these expended materials, where they
are used, and how many activities would occur under each alternative, see Section 3.0.5.3.4.1 (Fiber
Optic Cables and Guidance Wires). Abrasion and shading-related impacts on sessile benthic (attached to
the seafloor) marine invertebrates that may result from entanglement stressors are discussed with
physical impacts in Section 3.8.3.3 (Physical Disturbance and Strike).

A marine invertebrate that might become entangled in cables and wires could be either temporarily
confused and escape unharmed, could be held tightly enough that it could be injured during its struggle
to escape, could be preyed upon while entangled, or could starve while entangled. The likelihood of
these outcomes cannot be predicted with any certainty because interactions between invertebrate
species and entanglement hazards are not well known. The potential entanglement scenarios are based
on observations of how marine invertebrates are entangled in marine debris such as fishing gear, which
is far more prone to tangling than guidance wire or fiber optic cable (Environmental Sciences Group
2005; Ocean Conservancy 2010). The small number of guidance wires and fiber optic cables expended
across the Study Area results in an extremely low rate of potential encounter for marine invertebrates.

No training or testing activities involving the use of fiber optic cables or guidance wires are proposed
under any alternative in the Western Behm Canal portion of the study area. Therefore, fiber optic cables
or guidance wires would have no impact on marine invertebrates under any alternative.

3.8.3.4.1.1 No Action Alternative
Training Activities
Offshore Area

Table 3.0-26 lists the number and locations of activities that expend fiber optic cables and guidance
wires under the No Action Alternative. Under the No Action Alternative, only two activities in the
Offshore Area of the Study Area will expend guidance wires.

Given the low numbers used, most marine invertebrates would never be exposed to guidance wires
under the No Action Alternative. The impact of guidance wires on marine invertebrates is not likely to
cause injury or mortality to individuals, and impacts would be inconsequential because (1) the area
exposed to the stressor is extremely small relative to most marine invertebrates’ ranges; (2) the
activities are dispersed such that few individuals could conceivably be exposed to more than one event;
(3) exposures would be localized; and (4) marine invertebrates are not particularly susceptible to
entanglement stressors, as most would be temporarily disturbed. Training activities involving guidance
wires are not expected to yield any behavioral changes or lasting effects on the survival, growth,
recruitment, or reproduction of invertebrate species at individual or population levels.

Inland Waters

No training activities with fiber optic cables and guidance wires are proposed in the Offshore Area of the
Study Area under the No Action Alternative.

Testing Activities
Offshore Area

Fiber optic cables and guidance wires expended during testing activities would be greater in number (16
events compared to 2 training activities) than is expended during training. Despite this slight increase,
the impact of fiber optic cables and guidance wires to marine invertebrates would be the same as those
analyzed for training activities under the No Action Alternative.
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Inland Waters

As indicated in Section 3.0.5.3.4.1 (Fiber Optic Cables and Guidance Wires), there would be 105 activities
that expend fiber optic cables and guidance wires under the No Action Alternative. The impact of cables
and guidance wires on marine invertebrates is not likely to cause injury or mortality to individuals, and
impacts would be inconsequential because (1) the area exposed to the stressor is extremely small
relative to most marine invertebrates’ ranges (see Figure 2.1-3); (2) the activities are dispersed such that
few individuals could conceivably be exposed to more than one event; (3) exposures would be localized;
and (4) marine invertebrates are not particularly susceptible to entanglement stressors, and would
simply be temporarily disturbed. Testing activities involving cables and guidance wires are not expected
to yield any behavioral changes or lasting effects on the survival, growth, recruitment, or reproduction
of invertebrate species at individual or population levels.

3.8.3.4.1.2 Alternative 1
Training Activities
Offshore Area

Due to the removal of the SINKEX under Alternative 1, no training activities with fiber optic cables and
guidance wires are proposed in the Offshore Area of the Study Area under Alternative 1.

Inland Waters

As indicated in Table 3.8-2, there would be one training activity (Maritime Homeland Defense/Security
Mine Countermeasures Integrated Exercise), conducted once every 2 years, that would expend fiber
optic cables or guidance wires under Alternative 1. Given the low numbers used, most marine
invertebrates would never be exposed to a fiber optic cable or guidance wire. Under Alternative 1 the
impact of fiber optic cables and guidance wires on marine invertebrates is not likely to cause injury or
mortality to individuals, and impacts would be inconsequential because (1) the area exposed to the
stressor is extremely small relative to most marine invertebrates’ ranges; (2) the activities are dispersed
such that few individuals could conceivably be exposed to more than one event; (3) exposures would be
localized; and (4) marine invertebrates are not particularly susceptible to entanglement stressors and
would not become entangled, and simply be temporarily disturbed. Activities involving fiber optic cables
and guidance wires are not expected to yield any behavioral changes or lasting effects on the survival,
growth, recruitment, or reproduction of invertebrate species at individual or population levels.

Testing Activities

Offshore Area

As indicated in Section 3.0.5.3.4.1 (Fiber Optic Cables and Guidance Wires), under Alternative 1, the
number of testing activities that expend fiber optic cables and guidance wires would increase from 16
under the No Action Alternative to 131 under Alternative 1. Despite this increase, as stated above in No
Action Alternative, cables and guidance wires would not be expected to cause injury or mortality to
marine invertebrate individuals.

Inland Waters

As indicated in Section 3.0.5.3.4.1 (Fiber Optic Cables and Guidance Wires), under Alternative 1, the
number of testing activities that expend fiber optic cables and guidance wires would increase from 105
under the No Action Alternative to 245 under Alternative 1. Under Alternative 1, the impact of fiber
optic cables and guidance wires on marine invertebrates is not likely to cause injury or mortality to
individuals, and impacts would be inconsequential because (1) the area exposed to the stressor is
extremely small relative to most marine invertebrates’ ranges; (2) the activities are dispersed such that
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few individuals could conceivably be exposed to more than one event; (3) exposures would be localized;
and (4) marine invertebrates are not particularly susceptible to entanglement stressors, and would
simply be temporarily disturbed. Testing activities involving fiber optic cables and guidance wires are not
expected to yield any behavioral changes or lasting effects on the survival, growth, recruitment, or
reproduction of invertebrate species at individual or population levels.

3.8.3.4.1.3 Alternative 2

Training Activities

Offshore Area

Under Alternative 2, the Navy proposes the same numbers and types of fiber optic cables and guidance
wires as described in Alternative 1. Therefore, the impacts of Alternative 2 training activities on marine
invertebrates would be the same as for Alternative 1.

Inland Waters

Under Alternative 2, the Navy proposes to conduct the Maritime Homeland Defense/Security Mine
Countermeasures Integrated Exercise once per year. Given the low numbers used, most marine
invertebrates would never be exposed to a cable or guidance wire. Under Alternative 2 the impact of
fiber optic cables and guidance wires on marine invertebrates is not likely to cause injury or mortality to
individuals, and impacts would be inconsequential because (1) the area exposed to the stressor is
extremely small relative to most marine invertebrates’ ranges; (2) the activities are dispersed such that
few individuals could conceivably be exposed to more than one event; (3) exposures would be localized;
and (4) marine invertebrates are not particularly susceptible to entanglement stressors, and simply be
temporarily disturbed. Training activities involving fiber optic cables and guidance wires are not
expected to yield any behavioral changes or lasting effects on the survival, growth, recruitment, or
reproduction of invertebrate species at individual or population levels.

Testing Activities
Offshore Area

As indicated in Section 3.0.5.3.4.1 (Fiber Optic Cables and Guidance Wires), under Alternative 2, the
number of testing activities that expend fiber optic cables and guidance wires would increase from 16
under the No Action Alternative to 153 under Alternative 2. Despite this increase, as stated above in No
Action Alternative, cables and guidance wires would not be expected to cause injury or mortality to
marine invertebrate individuals.

Inland Waters

As indicated in Section 3.0.5.3.4.1 (Fiber Optic Cables and Guidance Wires), the number of testing
activities that expend fiber optic cables and guidance wires would increase from 105 under the No
Action Alternative to 314 under Alternative 2. Under Alternative 2, the impact of fiber optic cables and
guidance wires on marine invertebrates is not likely to cause injury or mortality to individuals, and
impacts would be inconsequential because (1) the area exposed to the stressor is extremely small
relative to most marine invertebrates’ ranges; (2) the activities are dispersed such that few individuals
could conceivably be exposed to more than one event; (3) exposures would be localized; and (4) marine
invertebrates are not particularly susceptible to entanglement stressors, and would simply be
temporarily disturbed. Testing activities involving fiber optic cables and guidance wires are not expected
to yield any behavioral changes or lasting effects on the survival, growth, recruitment, or reproduction
of invertebrate species at individual or population levels.
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3.8.3.4.2 Impacts from Decelerator/Parachutes

Decelerator/parachutes of varying sizes are used during training and testing activities. For a discussion
of the types of activities that use decelerator/parachutes, physical characteristics of these expended
materials, where they are used, and how many activities would occur under each alternative, see
Section 3.0.5.3.4.2 (Decelerator/Parachutes). Decelerator/parachutes pose a potential, though unlikely,
entanglement risk to susceptible marine invertebrates. The most likely method of entanglement would
be a marine invertebrate crawling through the fabric or cord that would then tighten around it.

Abrasion and shading-related impacts on sessile benthic (attached to the seafloor) marine invertebrates
that may result from entanglement stressors are discussed with physical impacts in Section 3.8.3.3
(Physical Disturbance and Strike). Potential indirect effects of the parachute being transported laterally
along the seafloor are discussed in Section 3.8.3.6 (Secondary Stressors).

A marine invertebrate that might become entangled could be temporarily confused and escape
unharmed, held tightly enough that it could be injured during its struggle to escape, preyed upon while
entangled, or starved while entangled. The likelihood of these outcomes cannot be predicted with any
certainty because interactions between invertebrate species and entanglement hazards are not well
known. The potential entanglement scenarios are based on observations of how marine invertebrates
are entangled in marine debris (Environmental Sciences Group 2005; Ocean Conservancy 2010). The
number of decelerator/parachutes expended across the Study Area is extremely small relative to the
number of marine invertebrates, resulting in a low rate of potential encounter for marine invertebrates.

No training or testing activities involving the use of decelerator/parachutes are proposed under any
alternative in the Western Behm Canal portion of the Study Area. Therefore, decelerator/parachutes
would have no impact on marine invertebrates under any Alternative.

3.8.3.4.2.1 No Action Alternative

Training Activities

Tables 3.0-27 and 3.8-2 list the number and locations of expended decelerator/parachutes under each
alternative in the Offshore Area of the Study Area.

Offshore Area

Under the No Action Alternative, 8,381 decelerator/parachutes would be used in the Offshore Area.
Under the No Action Alternative, the impact of decelerator/parachutes on marine invertebrates is not
likely to cause injury or mortality to individuals, and impacts would be inconsequential because (1) the
area exposed to the stressor is extremely small relative to most marine invertebrates’ ranges; (2) the
activities are dispersed such that few individuals could conceivably be exposed to more than one event;
(3) exposures would be localized; and (4) marine invertebrates are not particularly susceptible to
entanglement stressors, and would simply be temporarily disturbed. Training activities involving
decelerator/parachutes are not expected to yield any behavioral changes or lasting effects on the
survival, growth, recruitment, or reproduction of invertebrate species at individual or population levels.

Inland Waters

No training activities with decelerator/parachutes are proposed in the Inland Waters portion of the
Study Area under the No Action Alternative. Therefore, decelerator/parachutes would have no impact
on marine invertebrates under the No Action Alternative.
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Testing Activities
Offshore Area

No testing activities with decelerator/parachutes are proposed in the Offshore Area under the No Action
Alternative. Therefore, decelerator/parachutes would have no impact on marine invertebrates under
the No Action Alternative.

Inland Waters

No testing activities with decelerator/parachutes are proposed in the Inland Waters portion of the Study
Area under the No Action Alternative. Therefore, decelerator/parachutes would have no impact on
marine invertebrates under the No Action Alternative.

3.8.3.4.2.2 Alternative 1

Training Activities

Offshore Area

The number of expended decelerator/parachutes in the Offshore Area of the Study Area increases from
1 under the No Action Alternative to 8,952 under Alternative 1. The impact of decelerator/parachutes
on marine invertebrates is not likely to cause injury or mortality to individuals, and impacts would be
inconsequential because (1) the area exposed to the stressor is extremely small relative to most marine
invertebrates’ ranges; (2) the activities are dispersed such that few individuals could conceivably be
exposed to more than one event; (3) exposures would be localized; and (4) marine invertebrates are not
particularly susceptible to entanglement stressors, and would simply be temporarily disturbed. Training
activities involving decelerator/parachutes are not expected to yield any behavioral changes or lasting
effects on the survival, growth, recruitment, or reproduction of invertebrate species at individual or
population levels.

Inland Waters

No training activities with decelerator/parachutes are proposed in the Inland Waters portion of the
Study Area under Alternative 1. Therefore, decelerator/parachutes would have no impact on marine
invertebrates under Alternative 1.

Testing Activities

Offshore Area

The number of expended decelerator/parachutes in the Offshore Area of the Study Area increases from
0 under the No Action Alternative to 1,210 under Alternative 1. This increase is due to the addition of
NAVAIR testing activities (see Table 2.8-3), which would typically occur in deep waters offshore.

Under Alternative 1, the impact of decelerator/parachutes on marine invertebrates is not likely to cause
injury or mortality to individuals, and impacts would be inconsequential because (1) the area exposed to
the stressor is extremely small relative to most marine invertebrates’ ranges; (2) the activities are
dispersed such that few individuals could conceivably be exposed to more than one event; (3) exposures
would be localized; and (4) marine invertebrates are not particularly susceptible to entanglement
stressors, therefore most would simply be temporarily disturbed. Testing activities involving
decelerator/parachutes are not expected to yield any behavioral changes or lasting effects on the
survival, growth, recruitment, or reproduction of invertebrate species at individual or population levels.
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Inland Waters

No testing activities with decelerator/parachutes are proposed in the Inland Waters portion of the Study
Area under Alternative 1. Therefore, decelerator/parachutes would have no impact on marine
invertebrates under Alternative 1.

3.8.3.4.2.3 Alternative 2

Training Activities

Offshore Area

Under Alternative 2, the Navy proposes the same type and tempo of activity resulting in the same
quantity of decelerator/parachutes as described in Alternative 1 (8,952). Therefore, the impacts of
Alternative 2 training activities on marine invertebrates would be the same as for Alternative 1.

Inland Waters

No training activities with decelerator/parachutes are proposed in the Inland Waters portion of the
Study Area under Alternative 2. Therefore, decelerator/parachutes would have no impact on marine
invertebrates under Alternative 2.

Testing Activities
Offshore Area

The number of expended decelerator/parachutes under Alternative 2 would increase by approximately
10 percent compared to Alternative 1. This increase of 121 decelerator/parachutes would result in the
same effects as described under Alternative 1, and for the same reasons there is no effect in Alternative
2.

Inland Waters

Five decelerator/parachutes would be expended in the Inland Waters under Alternative 2. Under
Alternative 2 the use of these four decelerator/parachutes on marine invertebrates is not likely to cause
injury or mortality to individuals, and impacts would be inconsequential because (1) the area exposed to
the stressor is extremely small relative to most marine invertebrates’ ranges; (2) the activities are few
and dispersed such that few individuals could conceivably be exposed to more than one event;

(3) exposures would be localized; and (4) marine invertebrates are not particularly susceptible to
entanglement stressors, and would simply be temporarily disturbed. Testing activities involving
decelerator/parachutes are not expected to yield any behavioral changes or lasting effects on the
survival, growth, recruitment, or reproduction of invertebrate species at individual or population levels
under Alternative 2.

3.8.3.4.3 Summary of Effects from Entanglement Stressors

Based on the analysis presented above, the impact of entanglement on marine invertebrates is not likely
to cause injury or mortality to individuals. The impacts would be minimal to marine invertebrates due to
the small area exposed relative to the range of the invertebrates, the dispersed nature of the activities,
the limitation of exposures to only a local area, and because marine invertebrates are not particularly
susceptible to entanglement stressors; therefore most would simply be temporarily disturbed.

3.8.3.5 Ingestion Stressors
3.8.3.5.1 Impacts from Military Expended Materials

This section analyzes the potential ingestion impacts of the various types of military expended materials
used by the Navy during training and testing activities within the Study Area. Expended materials could
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be ingested by marine invertebrates in all large marine ecosystems and open ocean areas. Ingestion
could occur at the surface, in the water column, or on the seafloor, depending on the size and buoyancy
of the expended object and the feeding behavior of the animal. Floating material is more likely to be
eaten by animals that feed at or near the water surface, while materials that sink to the seafloor present
a higher risk to bottom-feeding animals. Marine invertebrates are universally present in the water and
the seafloor, but the majority of individuals are smaller than a few millimeters (e.g., zooplankton, most
roundworms, and most arthropods). Most military expended materials and fragments of military
expended materials are too large to be ingested by marine invertebrates (see Tables 3.3-4 through 3.3-7
for the specific size of fragments). The potential for marine invertebrates to encounter fragments of
ingestible size increases as the military expended materials degrades into smaller fragments.

If expended material is ingested by marine invertebrates, the primary risk is from a blocked digestive
tract. Most military expended materials are relatively inert in the marine environment, and are not likely
to cause injury or mortality via chemical effects (see Section 3.8.3.6, Secondary Stressors, for more
information on the chemical properties of these materials).

The most abundant military expended material of ingestible size is chaff. Chaff is similar in form to fine
human hair, and somewhat analogous to the spicules of sponges or the siliceous cases of diatoms
(Spargo 1999). Many invertebrates ingest sponges, including the spicules, without suffering harm
(Spargo 1999). Marine invertebrates may occasionally encounter chaff fibers in the marine environment
and may incidentally ingest chaff when they ingest prey or water. Literature reviews and controlled
experiments suggest that chaff poses little environmental risk to marine organisms at concentrations
that could reasonably occur from military training and testing (Arfsten et al. 2002, Spargo 1999).
Laboratory studies were conducted to determine the likely effects on marine invertebrates from
ingesting chaff, using crabs that were fed radio frequency chaff. Blue crabs were force-fed a
chaff-and-food mixture daily for a few weeks at concentrations 10 to 100 times the predicted real-world
exposure levels without a notable increase in mortality (Arfsten et al. 2002).

As described in Section 3.8.2 (Affected Environment), tens of thousands of marine invertebrate species
inhabit the Study Area. There is little literature about the effects of debris ingestion on marine
invertebrates; consequently, there is little basis for an evidence-based assessment of risks. It is not
feasible to speculate on which invertebrates in which locations might ingest specific types of military
expended materials. However, invertebrates that actively forage (e.g., worms, octopus, shrimp, and sea
cucumbers) are at much greater risk of ingesting military expended materials than invertebrates that
filter-feed (e.g., sponges, corals, oysters, and barnacles). Though ingestion is possible in some
circumstances, based on the little scientific information available, negative impacts on individuals are
unlikely and impacts on populations would be inconsequential and not detectable. Adverse
consequences of marine invertebrates ingesting military expended materials are possible but not
probable.

No training or testing activities involving ingestible expended materials are proposed under any
alternative in the southeast Alaska portion of the Study Area. Therefore, ingestible military expended
materials would have no impact on marine invertebrates under any alternative.
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3.8.3.5.1.1 No Action Alternative

Training Activities

Offshore Area

Under the No Action Alternative, a variety of potentially ingestible military expended materials, such as
chaff, would be released to the Offshore Area of the Study Area during Navy training activities. The Navy
proposes 2,900 training events in which chaff may be expended (see Table 3.0-28). Ingestion is not likely
in the majority of cases because most military expended materials, such as sonobuoys, in-water devices,
and guidance wires, are too large to be ingested by most marine invertebrates. Chaff has been
extensively studied, and no indirect toxic effects are known to occur at realistic concentration in the
marine environment (Arfsten et al. 2002). The total number of military expended materials from
munitions expended under the No Action Alternative in the Offshore Area is 177,926, and the number of
military expended materials other than munitions expended in the Offshore Area is 11,889 (see Table
3.8-2) The fractions of military expended materials that are of ingestible size, or become ingestible after
degradation, are unlikely to impact individuals under the No Action Alternative.

Inland Waters

Under the No Action Alternative, a variety of potentially ingestible military expended materials would be
released to the inland water environment by Navy training activities. No chaff canisters would be
released during training activities under the No Action Alternative. Ingestion of military expended
materials in the inland area, such as sonobuoys, in-water devices, and guidance wires, is not likely as
they are too large to be ingested by most marine invertebrates. The total number of military expended
munitions expended under the No Action Alternative in the Inland Waters is four, and the number of
military expended materials other than munitions expended in the Inland Waters is four (see Table
3.8-2). The fractions of military expended materials that are of ingestible size, or become ingestible after
degradation, are unlikely to impact individuals.

Testing Activities
Offshore Area

Under the No Action Alternative, a variety of potentially ingestible military expended materials would be
released to the Offshore Area of the Study Area during Navy testing activities. No chaff canisters would
be released during testing activities under the No Action Alternative. Ingestion of military expended
materials such as sonobuoys, in-water devices, and guidance wires are not likely as they are too large to
be ingested by most marine invertebrates. The total number of military expended munitions expended
under the No Action Alternative in the Offshore Area is 200, and the number of military expended
materials other than munitions expended in the Offshore Area is 421 (see Table 3.8-2). The fractions of
military expended materials that are of ingestible size, or become ingestible after degradation, are
unlikely to impact individuals under the No Action Alternative.

Inland Waters

Under the No Action Alternative, a variety of potentially ingestible military expended materials would be
released to the inland water environment by Navy testing activities. No chaff canisters would be
released during testing activities under the No Action Alternative. Ingestion of military expended
materials such as sonobuoys, in-water devices, and guidance wires is not likely as they are too large to
be ingested by most marine invertebrates. The total number of military expended munitions expended
under the No Action Alternative in the Inland Waters is 6, and the number of military expended
materials other than munitions expended in the Inland Waters is 440 (see Table 3.8-2). The fractions of
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military expended materials that are of ingestible size, or become ingestible after degradation, are
unlikely to impact individuals.

3.8.3.5.1.2 Alternative 1

Training Activities

Offshore Area

Under Alternative 1, a variety of potentially ingestible military expended materials, such as chaff, would
be released to the Offshore Area of the Study Area during Navy training activities. Training activities in
which chaff may be expended would increase from 2,900 annual activities under the No Action
Alternative to 5,000 annual activities under Alternative 1. Despite the increase in chaff-related activities,
chaff remains unlikely to result in impacts to marine invertebrates. Chaff has been extensively studied,
and no indirect toxic effects are known to occur at realistic concentrations in the marine environment
(Arfsten et al. 2002). As with the No Action Alternative, ingestion is not likely because most military
expended materials, such as sonobuoys, in-water devices, and guidance wires, are too large to be
ingested by most marine invertebrates. The fraction of military expended materials that are of ingestible
size, or that become ingestible after degradation, may impact individual marine invertebrates, but are
unlikely to have impacts on populations or sub-populations.

Inland Waters

Under Alternative 1, a variety of potentially ingestible military expended materials, such as chaff, would
be released to the Inland Waters environment by Navy training activities. No chaff canisters would be
released during training activities under Alternative 1. As with the No Action Alternative, ingestion of
military expended materials such as sonobuoys, in-water devices, and guidance wires is not likely as
they are too large to be ingested by most marine invertebrates. Under Alternative 1 the number of
military expended materials from munitions would increase by 3,042 over the No Action Alternative (see
Table 3.8-2). The fraction of military expended materials that are of ingestible size, or that become
ingestible after degradation, may impact individual marine invertebrates, but are unlikely to have
impacts on populations or sub-populations.

Testing Activities
Offshore Area

Under Alternative 1, a variety of potentially ingestible military expended materials would be released to
the Offshore Area of the Study Area during Navy testing activities. No chaff canisters would be released
during testing activities under Alternative 1. Ingestion is not likely in the majority of cases because most
military expended materials, such as sonobuoys, in-water devices, and guidance wires, are too large to
be ingested by most marine invertebrates. Under Alternative 1 the number of military expended
materials from munitions would increase by 1,746 over the No Action Alternative. Military expended
materials other than munitions would increase by 1,655 (see Table 3.8-2).The fractions of military
expended materials that are of ingestible size, or become ingestible after degradation, are unlikely to
impact individuals under Alternative 1.

Inland Waters

Under Alternative 1, a variety of potentially ingestible military expended materials would be released to
the Inland Waters environment by Navy testing activities. No chaff canisters would be released during
testing activities under Alternative 1. Ingestion is not likely in the majority of cases because most
military expended materials, such as sonobuoys, in-water devices, and guidance wires, are too large to
be ingested by most marine invertebrates. Under Alternative 1 the number of military expended
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materials from munitions remains six, the same as the No Action Alternative. Military expended
materials increases 194 over the No Action Alternative (see Table 3.8-2). The fractions of military
expended materials that are of ingestible size, or become ingestible after degradation, are unlikely to
impact individuals.

3.8.3.5.1.3 Alternative 2

Training Activities

Offshore Area

Under Alternative 2, the Navy proposes the same numbers and types of military expended materials as
described in Alternative 1. Therefore, the impacts of Alternative 2 training activities on marine
invertebrates would be the same as for Alternative 1.

Inland Waters

Under Alternative 2, the Navy proposes the same numbers and types of military expended materials as
described in Alternative 1. Therefore, the impacts of Alternative 2 training activities on marine
invertebrates would be the same as for Alternative 1.

Testing Activities
Offshore Area

Under Alternative 2, a variety of potentially ingestible military expended materials would be released to
the marine environment during Navy testing activities. No chaff canisters would be released during
testing activities under Alternative 2. Ingestion is not likely in the majority of cases because most
military expended materials, such as sonobuoys, in-water devices, and guidance wires, are too large to
be ingested by most marine invertebrates. Under Alternative 2, the number of military expended
materials from munitions would increase to 2,139 compared to 200 under the No Action Alternative.
Military expended materials other than munitions would increase by 1,874 compared to the No Action
Alternative (see Table 3.8-2). The fractions of military expended materials that are of ingestible size, or
become ingestible after degradation, are unlikely to impact individuals.

Inland Waters

Under Alternative 2, a variety of potentially ingestible military expended materials would be released to
the Inland Waters environment by Navy testing activities. No chaff canisters would be released during
testing activities under the Alternative 2. Ingestion of military expended materials such as sonobuoys,
in-water devices, and guidance wires is not likely as they are too large to be ingested by most marine
invertebrates. Under Alternative 2 the number of military expended materials from munitions remains
six, the same as the No Action Alternative. Military expended materials other than munitions increases
by 303 over the No Action Alternative (see Table 3.8-2). The fractions of military expended materials
that are of ingestible size, or become ingestible after degradation, are unlikely to impact individuals.

3.8.3.5.2 Summary of Effects from Ingestion Stressors

Most military expended materials and fragments of military expended materials are too large to be
ingested by marine invertebrates. The potential for marine invertebrates to encounter fragments of
ingestible size increases as the military expended materials degrade into smaller fragments. The
fractions of military expended materials of ingestible size, or that become ingestible after degradation,
may impact individual marine invertebrates, but are unlikely to impact populations.
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3.8.3.6 Secondary Stressors

This section analyzes potential impacts on marine invertebrates exposed to stressors indirectly through
sediment and water. These two ecosystem constituents, sediment and water, are also primary
constituents of marine invertebrate habitat and clear distinctions between indirect impacts and habitat
impacts are difficult to maintain. For this analysis, indirect impacts on marine invertebrates via sediment
or water that do not require trophic transfers (e.g., bioaccumulation) to be observed are considered
here. The terms "indirect" and "secondary" do not imply reduced severity of environmental
consequences, but instead describe how the impact may occur in an organism or its ecosystem.

Stressors from Navy training and testing activities could pose secondary or indirect impacts on marine
invertebrates via habitat, sediment, or water quality. These include (1) explosives and by-products;
(2) metals; (3) chemicals; and (4) other materials such as targets, chaff, and plastics.

3.8.3.6.1 Explosives, Explosion By-Products, and Unexploded Ordnance

High-order explosions consume most of the explosive material, creating typical combustion products. In
the case of royal demolition explosive, 98 percent of the combustion products are common seawater
constituents, with the remainder rapidly diluted by ocean currents and circulation (see Table 3.1-8 in
Section 3.1, Sediments and Water Quality). Explosion by-products from high order detonations present
no indirect stressors to marine invertebrates through sediment or water. Low-order detonations and
unexploded ordnance present an elevated likelihood of effects on marine invertebrates, and the
potential impacts of these on marine invertebrates will be analyzed. Explosive material not completely
consumed during a detonation from ordnance disposal and mine clearance training are collected after
training is complete; therefore, potential impacts are assumed to be inconsequential and not detectable
for these training and testing activities. Marine invertebrates may be exposed by contact with the
explosive, contact with contaminants in the sediment or water, and ingestion of contaminated
sediments. Most marine invertebrates are very small relative to ordnance or fragments, and direct
ingestion of unexploded ordnance is unlikely.

Indirect impacts of explosives and unexploded ordnance on marine invertebrates via sediment are
possible near the ordnance. Degradation of explosives proceeds via several pathways discussed in
Section 3.1.3.1 (Explosives and Explosion By-Products). Degradation products of royal demolition
explosive are not toxic to marine organisms at realistic exposure levels (Rosen and Lotufo 2010).
Trinitrotoluene and its degradation products impact developmental processes in marine invertebrates
and are acutely toxic to adults at concentrations similar to real-world exposures (Rosen and Lotufo 2007,
2010). The relatively low solubility of most explosives and their degradation products indicate that
concentrations of these contaminants in the marine environment are relatively low and readily diluted.
Furthermore, while explosives and their degradation products were detectable in marine sediment
approximately 6—12 inches (15-30 centimeters) from degrading ordnance, the concentrations of these
compounds were not statistically distinguishable from background beyond 3-6 ft. (1-2 m) from the
degrading ordnance (Durrach et al. 1998; Section 3.1.3.1, Explosives and Explosion By-Products). Taken
together, marine invertebrates, eggs, and larvae probably would be adversely impacted by the indirect
effects of degrading explosives within a very small radius of the explosive (1-6 ft. [0.3—2 m]).

Indirect impacts of explosives and unexploded ordnance on marine invertebrates via water are likely to
be inconsequential and not detectable for two reasons. First, most explosives and explosive degradation
products have very low solubility in sea water (see Table 3.1-12 in Section 3.1, Sediments and Water
Quality). This means that dissolution occurs extremely slowly, and harmful concentrations of explosives
and degradation are not likely to accumulate except within confined spaces. Second, a low
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concentration of contaminants, slowly delivered into the water column, is readily diluted to non-harmful
concentrations. While marine invertebrates may be adversely impacted by the indirect effects of
degrading explosives via water (Rosen and Lotufo 2007a, 2010), this is extremely unlikely in realistic
scenarios.

Impacts on marine invertebrates, including zooplankton, eggs, and larvae, are likely to occur within a
very small radius of the ordnance (1-6 ft. [0.3—2 m]). These impacts may continue as the ordnance
degrades over months to decades. Because most ordnance is deployed as projectiles, multiple
unexploded or low-order detonations would not accumulate on spatial scales of 1 to 6 ft. (0.3 to 2 m);
therefore, potential impacts are likely to remain local and widely separated. Given these conditions, the
possibility of population-level impacts on marine invertebrates is inconsequential.

3.8.3.6.2 Metals

Certain metals are harmful to marine invertebrates at concentrations above background levels (e.g.,
cadmium, chromium, lead, mercury, zinc, copper, manganese, and many others) (Negri et al. 2002;
Wang and Rainbow 2008). Metals are introduced into seawater and sediments as a result of training and
testing activities involving vessel hulks, targets, ordnance, munitions, and other military expended
materials (see Section 3.1.3.2, Metals). Many metals bioaccumulate and physiological impacts begin to
occur only after several trophic transfers concentrate the toxic metals. Indirect impacts of metals on
marine invertebrates via sediment and water involve concentrations several orders of magnitude lower
than concentrations achieved via bioaccumulation. Marine invertebrates may be exposed by contact
with the metal, contact with contaminants in the sediment or water, and ingestion of contaminated
sediments. Most marine invertebrates are very small relative to Navy military expended materials, and
ingestion would be unlikely.

Because metals often concentrate in sediments, potential adverse indirect impacts are much more likely
via sediment than via water. Despite the acute toxicity of some metals (e.g., hexavalent chromium or
tributyltin) (Negri et al. 2002) concentrations above safe limits are rarely encountered even in live-fire
areas of Vieques where deposition of metals from Navy activities is very high (see Section 3.1.3.2,
Metals. Other studies described in Section 3.1.3.2 (Metals) find no harmful concentrations of metals
from deposition of military metals into the marine environment. Marine invertebrates, eggs, or larvae
could be indirectly impacted by metals via sediment within a few inches of the object.

Concentrations of metals in seawater are orders of magnitude lower than concentrations in marine
sediments. Marine invertebrates probably would not be indirectly impacted by toxic metals via the
water, or via sediment near the object (e.g., within a few inches) because such impacts would be local
and widely separated. Concentrations of metals in water are not likely to be high enough to cause injury
or mortality to marine invertebrates. Therefore, indirect impacts of metals via water are likely to be
inconsequential and not detectable. Given these conditions, population-level impacts on marine
invertebrates are likely to be inconsequential and not detectable.

3.8.3.6.3 Chemicals

Several Navy training and testing activities introduce potentially harmful chemicals into the marine
environment; principally, flares and propellants from rockets, missiles, and torpedoes. Properly
functioning flares, missiles, rockets, and torpedoes combust most of their propellants, leaving benign or
readily diluted soluble combustion by-products (e.g., hydrogen cyanide). Operational failures allow
propellants and their degradation products to be released into the marine environment. The greatest
risk to marine invertebrates from flares, missiles, and rocket propellants is perchlorate, which is highly
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soluble in water, persistent, and impacts metabolic processes in many plants and animals. Torpedo
propellant poses little risk to marine invertebrates because the chemicals have relatively low toxicity
(see Section 3.1.3.3). Marine invertebrates may be exposed by contact with the chemical, contact with
chemical contaminants in the sediment or water, and ingestion of contaminated sediments. Most
marine invertebrates are very small relative to Navy military expended materials or fragments of
military expended materials, and ingestion of military expended materials would be unlikely.

Therefore, missile and rocket fuel poses inconsequential risks of indirect impacts on marine
invertebrates via sediment. In contrast, the principal toxic components of torpedo fuel, propylene glycol
dinitrate and nitrodiphenylamine, adsorb to sediments, have relatively low toxicity, and are readily
degraded by biological processes (Section 3.1.3.3, Chemicals Other than Explosives). Marine
invertebrates, eggs, or larvae could be indirectly impacted by propellants via sediment near the object
(e.g., within a few inches), but these potential impacts would diminish rapidly as the propellant
degrades (see discussion in Section 3.1.3.3, Chemicals Other than Explosives).

Perchlorate contamination rapidly disperses throughout the water column and water within sediments.
While it impacts biological processes at low concentrations (e.g., less than 10 parts per billion), toxic
concentrations are unlikely to be encountered in seawater. The principal mode of perchlorate toxicity in
the environment is bioaccumulation.

Torpedo propellants have relatively low toxicity and therefore pose an inconsequential risk to marine
invertebrates. Marine invertebrates, zooplankton, eggs, or larvae could be indirectly impacted by
hydrogen cyanide produced by torpedo fuel combustion, but these impacts would diminish rapidly as
the chemical becomes diluted below toxic levels. Chemicals are rapidly diluted and readily biodegraded,
and concentrations high enough to be acutely toxic are unlikely in the marine environment (see Section
3.1.3.3, Chemicals Other than Explosives, for a discussion of these mechanisms). Concentrations of
chemicals in sediment and water are not likely to cause injury or mortality to marine invertebrates;
therefore; indirect impacts of chemicals via sediment and water are likely to be inconsequential and not
detectable. Based on negligible impacts on individuals, population-level impacts on marine invertebrates
are likely to be inconsequential and not detectable.

In the past, polychlorinated biphenyls (PCBs) were a concern because they were present in certain
materials (e.g., insulation, sires, felts, and gaskets) on vessels used as targets during sinking exercises.
PCBs have a variety of deleterious effects on marine organisms. Polychlorinated biphenyls persist in the
tissues of organisms at the bottom of the food chain. Consumers of those species may accumulate PCBs
at concentrations many times higher than the PCB concentration in the surrounding water or sediments.
Vessels now used for sinking exercises are selected from a list of U.S. Navy-approved vessels that were
cleaned in accordance with U.S. Environmental Protection Agency guidelines, but may contain PCBs that
could not be removed during cleaning.

3.8.3.6.4 Other Materials

Military expended materials that are re-mobilized after their initial contact with the seafloor (e.g., by
waves or currents) may continue to strike or abrade marine invertebrates. Secondary physical strike and
disturbances are relatively unlikely because most expended materials are more dense than the
surrounding sediments (i.e., metal), and are likely to remain in place as the surrounding sediment
moves. The principal exception is likely to be decelerator/parachutes, which are moved easily relative to
projectiles and fragments. Potential secondary physical strike and disturbance impacts may cease only
(1) when the military expended materials is too massive to be mobilized by typical oceanographic
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processes, (2) when the military expended material becomes encrusted by natural processes and
incorporated into the seafloor, or (3) when the military expended materials becomes permanently
buried. The fitness of individual organisms would be impacted directly or indirectly, but not to the
extent that the viability of populations or species would be impacted.

All military expended material, including targets and vessel hulks used for sinking exercises that contain
materials other than metals, explosives, or chemicals, is evaluated for potential indirect impacts on
marine invertebrates via sediment and water. Principal components of these military expended
materials include: aluminized fiberglass (chaff); carbon or Kevlar fiber (missiles); and plastics (canisters,
targets, sonobuoy components, decelerator/parachutes, etc.). Potential effects of these materials are
discussed in Section 3.1.3.4 (Other Materials). Chaff has been extensively studied, and no indirect toxic
effects are known to occur at realistic concentrations in the marine environment (Arfsten et al. 2002).
Plastics contain chemicals, including persistent organic pollutants, which could indirectly affect marine
invertebrates (Derraik 2002; Mato et al. 2001; Teuten et al. 2007). Marine invertebrates may be exposed
by contact with the plastic, contact with associated plastic chemical contaminants in the sediment or
water, or ingestion of contaminated sediments. Most marine invertebrates are very small relative to
Navy military expended materials or fragments of military expended materials, and direct ingestion of
military expended materials is unlikely.

The only material that could impact marine invertebrates via sediment is plastics. Harmful chemicals in
plastics interfere with metabolic and endocrine processes in many plants and animals (Derraik 2002).
Potentially harmful chemicals in plastics are not readily adsorbed to marine sediments; instead, marine
invertebrates are most at risk via ingestion or bioaccumulation (see Sections 3.8.3.5, Ingestion Stressors,
and Section 3.3, Marine Habitats). Because plastics retain much of their chemical properties as they are
physically degraded into microplastic particles (Singh and Sharma 2008), the exposure risks to marine
invertebrates are dispersed over time. Marine invertebrates could be indirectly impacted by chemicals
from plastics expended during training and testing activities but these effects would be limited to direct
contact with the material. Because of these conditions, population-level impacts on marine
invertebrates are likely to be inconsequential and not detectable.

3.8.3.6.5 Substressor Impact on Sedentary Invertebrate Beds and Reefs as Essential Fish
Habitat (Preferred Alternative)

Pursuant to the EFH requirements of the Magnuson-Stevens Fishery Conservation and Management Act
and implementing regulations, the use of metal, chemical, and other material contaminants, and
secondary physical disturbances during training and testing activities, would have no adverse effect on
sedentary invertebrate beds or reefs that constitute EFH or Habitat Areas of Particular Concern. The use
of explosives, explosive byproducts, and unexploded ordnance during training and testing activities may
have an adverse effect on sedentary invertebrate beds or reefs that constitute EFH or Habitat Areas of
Particular Concern. The EFHA states that substressor impacts on invertebrate beds or reefs would be
minimal and short-term within the Study Area. The EFH Analysis is located on the NWTT EIS website,
www.nwtteis.com.

3.8.4 SUMMARY OF POTENTIAL IMPACTS (COMBINED IMPACTS OF ALL STRESSORS) ON MARINE
INVERTEBRATES
3.8.4.1 Combined Impacts of All Stressors

As described in Section 3.0.5.5 (Resource-Specific Impacts Analysis for Multiple Stressors), this section
evaluates the potential for combined impacts of all the stressors from the proposed action. The analysis
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and conclusions for the potential impacts from each of the individual stressors are discussed in the
sections above. Stressors associated with Navy training and testing activities do not typically occur in
isolation but rather occur in some combination. For example, mine neutralization activities include
elements of acoustic, physical disturbance and strike, entanglement, ingestion, and secondary stressors
that are all coincident in space and time. An analysis of the combined impacts of all stressors considers
the potential consequences of aggregate exposure to all stressors and the repetitive or additive
consequences of exposure over multiple years. This analysis makes the reasonable assumption that the
majority of exposures to stressors are non-lethal, and instead focuses on consequences potentially
impacting the organism'’s fitness (e.g., physiology, behavior, and reproductive potential).

It is unlikely that mobile or migratory marine invertebrates that occur within the water column would be
exposed to multiple activities during their lifespan because they are relatively short lived, and most Navy
training and testing activities impact small, widely-dispersed areas. It is much more likely that stationary
organisms or those that only move over a small range (e.g., corals, worms, and sea urchins) would be
exposed to multiple activities because many Navy activities occur in the same location (e.g., gunnery
and mine warfare).

Multiple stressors can co-occur with marine invertebrates in two general ways. The first would be if a
marine invertebrate were exposed to multiple sources of stress from a single event or activity. The
second is exposure to a combination of stressors over the course of the organism's life. Both general
scenarios are more likely to occur in locations where training and testing activities are concentrated. The
key difference between the two scenarios is the amount of time between exposures to stressors. Time is
an important factor because some stressors develop over a long period, while others occur and pass
quickly (e.g., dissolution of secondary stressors into the sediment versus physical disturbance). Similarly,
time is an important factor for the organism because subsequent disturbances or injuries often increase
the time needed for the organism to recover to baseline behavior/physiology, extending the time that
the organism's fitness is impacted.

Marine invertebrates are susceptible to multiple stressors (see Section 3.8.2.3, General Threats), and
susceptibilities of many species are enhanced by additive or synergistic effects of multiple stressors. The
global decline of corals, for example, is driven primarily by synergistic impacts of pollution, ecological
consequences of overfishing, and climate change. As discussed in the analyses above, marine
invertebrates are not particularly susceptible to energy, entanglement, or ingestion stressors resulting
from Navy activities (see Section 3.8.3.2, Energy Stressors; Section 3.8.3.4, Entanglement Stressors; and
Section 3.8.3.5, Ingestion Stressors); therefore, the opportunity for Navy stressors to result in additive or
synergistic consequences is most likely limited to acoustic, physical strike and disturbance, and
secondary stressors.

Despite uncertainty in the nature of consequences resulting from combined impacts, the location of
potential combined impacts can be predicted with more certainty because combinations are much more
likely in locations where training and testing activities are concentrated. However, analyses of the
nature of potential consequences of combined impacts of all stressors on marine invertebrates remain
largely qualitative and speculative. Where multiple stressors coincide with marine invertebrates, the
likelihood of a negative consequence is elevated, but it is not feasible to predict the nature of the
consequence or its likelihood because not enough is known about potential additive or synergistic
interactions. Even for shallow-water coral reefs, an exceptionally well-studied resource, predictions of
the consequences of multiple stressors are semi-quantitative and generalized predictions remain
qualitative (Hughes and Connell 1999; Jackson 2008; Norstrom et al. 2009). It is also possible that Navy
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stressors will combine with non-Navy stressors, and this is qualitatively discussed in Chapter 4
(Cumulative Impacts).

3.8.4.2 Essential Fish Habitat Determinations

Pursuant to the EFH requirements of the Magnuson-Stevens Fishery Conservation and Management Act
and implementing regulations, the use of sonar and other acoustic sources; vessel noise; weapons firing
noise; vessel movement; in-water devices; and metal, chemical, or other material contaminants would
have no adverse effect on sedentary invertebrate beds or reefs that constitute EFH or Habitat Areas of
Particular Concern. The use of explosives, electromagnetic sources, military expended materials,
seafloor devices, and explosives and explosive byproduct contaminants may have an adverse effect on
EFH by reducing the quality and quantity of sedentary invertebrate beds or reefs that constitute EFH or
Habitat Areas of Particular Concern. The EFHA states that individual stressor impacts were all either no
effect, or minimal and ranged in duration from temporary to permanent, depending on the stressor.
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3.9 FisH

FISH SYNOPSIS

The United States Department of the Navy considered all potential stressors and the following have been
analyzed for fish:
e Acoustic (sonar and other active acoustic sources; underwater explosives; weapons firing,
launch, and impact noise; vessel noise; and aircraft noise)
e Energy (electromagnetic devices)
e Physical disturbance and strike (vessels, in-water devices, military expended materials, and
seafloor devices)
e Entanglement (fiber optic cables, guidance wires, and decelerator/parachutes)
e Ingestion (munitions and military expended material other than munitions)
e Secondary (indirect impacts associated with habitat quality)

Preferred Alternative (Alternative 1)

e Acoustics: Pursuant to the Endangered Species Act (ESA), the use of sonar and other non-
impulsive sources during training and testing activities may affect, but is not likely to adversely
affect, ESA-listed salmonid species, green sturgeon, Pacific eulachon, and rockfish species; and
would have no effect on any species’ critical habitat. The use of explosives and other impulsive
sources during training and testing activities may affect, and is likely to adversely affect, the
following Evolutionarily Significant Units (ESUs) or Distinct Population Segments (DPS) in the
Study Area: Chinook, coho, chum, and sockeye salmon, steelhead (from the Puget Sound DPS,
Upper Columbia River DPS, Middle Columbia River DPS, Lower Columbia River DPS, Upper
Willamette River DPS, and Snake River Basin DPS), bull trout, Bocaccio rockfish (Puget
Sound/Georgia Basin DPS), canary rockfish (Puget Sound/Georgia Basin DPS), yelloweye rockfish
(Puget Sound/Georgia Basin DPS), and Pacific eulachon (Southern DPS); may affect, but is not
likely to adversely affect, steelhead (from the Northern California DPS, California Central Valley
DPS, Central California Coast DPS, South-Central California Coast DPS, and Southern California
DPS), and green sturgeon; critical habitat for two salmonid species (Puget Sound Chinook Salmon
ESU and Hood Canal summer-run Chum ESU), and would have no effect on critical habitat for the
remaining salmonids, rockfish, and the Pacific eulachon.

e Energy: Pursuant to the ESA, the use of electromagnetic devices during training activities may
affect, but is not likely to adversely affect, ESA-listed salmonid species, green sturgeon, Pacific
eulachon, and rockfish species; may affect, but is not likely to adversely affect, critical habitat for
salmonid species; and would have no effect on critical habitat for bull trout, rockfish species,
Pacific eulachon, and green sturgeon.

e Physical Disturbance and Strike: Pursuant to the ESA, the use of vessels and in-water devices may
affect, but is not likely to adversely affect, ESA-listed salmonid species, green sturgeon, Pacific
eulachon, and rockfish species; may affect, but is not likely to adversely affect critical habitat for
salmonids; and would have no effect on rockfish, Pacific eulachon, and green sturgeon critical
habitat. The use of military expended materials would have no effect on Pacific eulachon and
their associated critical habit; may affect, but is not likely to adversely affect, ESA-listed salmonid
species, rockfish species, and green sturgeon; and may affect, but is not likely to adversely affect,
critical habitat for salmonid and green sturgeon. The use of seafloor devices may affect, but is
not likely to adversely affect, ESA-listed salmonid species, Pacific eulachon, green sturgeon, and
rockfish species; may affect, but is not likely to adversely affect, critical habitat for salmonids and
green sturgeon; and would have no effect on critical habitat for rockfish and Pacific eulachon.
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FISH SYNOPSIS (continued)

e Entanglement: Pursuant to the ESA, the use of fiber optic cables, guidance wires, and
decelerator/parachutes during training and testing activities may affect, but is not likely
to adversely affect, ESA-listed salmonid species, Pacific eulachon, green sturgeon, and
rockfish species; would have no effect on critical habitat for rockfish and Pacific eulachon;
and may affect, but is not likely to adversely affect, critical habitat for salmonids. The use
of fiber optic cables and guidance wires would have no effect on green sturgeon, rockfish,
and bull trout critical habitat. The use of decelerator/parachutes may affect, but is not
likely to adversely affect, green sturgeon critical habitat.

e Ingestion: Pursuant to the ESA, the use of munitions and military expended material other
than munitions may affect, but is not likely to adversely affect, ESA-listed salmonid
species, Pacific eulachon, green sturgeon, and rockfish species. Ingestion sources may
affect, but are not likely to adversely affect, critical habitat for salmonids and green
sturgeon; and would have no effect on critical habitat for bull trout, rockfish, and Pacific
eulachon.

e Secondary Stressors: Pursuant to the ESA, secondary stressors from training and testing
activities would have no effect on ESA-listed salmonid species, Pacific eulachon, green
sturgeon, and rockfish species, and would have no effect on critical habitat for salmonid,
rockfish, Pacific eulachon, and green sturgeon.

3.9.1 INTRODUCTION AND METHODS

This section analyzes the potential impacts of the Proposed Action on fishes found in the Northwest
Training and Testing (NWTT) Study Area (Study Area). Section 3.9 (Fish) provides a synopsis of the
United States (U.S.) Department of the Navy’s (Navy’s) determinations of the impacts of the Proposed
Action on fishes. Section 3.9.1 (Introduction and Methods) introduces the species and taxonomic groups
known to occur in the Study Area. Section 3.9.2 (Affected Environment) discusses the baseline affected
environment. The complete analysis of environmental consequences is in Section 3.9.3 (Environmental
Consequences), and the potential impacts of the Proposed Action on fishes are summarized in Section
3.9.4 (Summary of Potential Impacts on Fish).

For this Environmental Impact Statement (EIS), marine and anadromous fishes are evaluated as groups
of species characterized by distribution, body type, or behavior relevant to the stressor being evaluated.
Activities are evaluated for their potential impact on all fishes in general, by taxonomic groupings, and
the 35 fish in the Study Area listed under the Endangered Species Act (ESA).

Fish species listed under the ESA, along with major taxonomic groups in the Study Area, are described in
this section. Marine fish species that are regulated under the Magnuson-Stevens Fishery Conservation
and Management Act are discussed in Section 3.9.2.4 (Federally Managed Fisheries). Additional general
information on the biology, life history, distribution, and conservation of marine and anadromous fishes
can be found on the websites of the following agencies and organizations, as well as many others:

e National Marine Fisheries Service (NMFS), Office of Protected Resources (including ESA-listed
species distribution maps)

e Regional Fishery Management Councils

e International Union for Conservation of Nature

FISH 3.9-2
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e Essential Fish Habitat Text Descriptions

Fishes are not distributed uniformly throughout the Study Area but are closely associated with a variety
of habitats. Some species, such as large sharks, tuna, and billfishes, range across thousands of square
miles (thousands of square kilometers), while others have small home ranges and restricted
distributions (Helfman et al. 2009a). The movements of some open-ocean species may never overlap
with coastal species that spend their lives within several hundred feet (a few hundred meters) of the
shore. Even within species, the distribution and specific habitats in which individuals occur may be
influenced by age, developmental stage, size, sex, reproductive condition, health, and other factors.

3.9.1.1 Endangered Species Act Species

There are 34 fish species listed as either threatened or endangered under the ESA (Table 3.9-1 and
Section 3.9.2.3, Endangered Species Act-Listed Species) that occur in the Study Area.

NMFS has listed 28 species of salmon and steelhead, three rockfish species, Pacific eulachon, and green
sturgeon on the west coast, all of which occur within the Study Area. The U.S. Fish and Wildlife Service
has listed bull trout throughout its range which overlaps with the Study Area. In addition, three
candidate species and nine species of concern occur within the Study Area. Candidate species are any
species that are undergoing a status review that NMFS has announced through a Federal Register notice
(71 FR 61022). Species of Concern are identified by NMFS when there is concern regarding species
status, but for which insufficient information is available to indicate a need to list the species (69 FR
19975). Candidate species and Species of concern do not carry any procedural or substantive
protections under the ESA (71 FR 61022). The emphasis on species-specific information in the following
profiles will be on the ESA protected species because any threats or potential impacts on those species
are subject to consultation with regulatory agencies.
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Table 3.9-1: Status and Presence of Endangered Species Act-Listed Fish Species, Candidate Species, and Species of Concern Found in the Northwest Training

and Testing Study Area

Species and Regulatory Status

Presence in Study Area

Common Name Distinct Population Segment (DPS)"/ Federal Critical Habitat Offshore | Inland |Western Behm
(Scientific Name) Evolutionarily Significant Unit (ESU)? Status Designation Area Waters | Canal, Alaska
Salmonid Species
Designated v v
Puget Sound ESU T (Inland Waters)
L. .. Designated v
Upper Columbia River Spring-Run ESU E (not in Study Area)
B Designated v
Lower Columbia River ESU T (not in Study Area)
. . Designated v
Upper Willamette River ESU T (not in Study Area)
Chinook Salmon Snake River Spring-Summer ESU T Designated v
(Oncorhynchus (not in Study Area)
tshawytscha i
w ) Snake River Fall-Run ESU T DeS|gnated v
(not in Study Area)
N Designated
California Coastal ESU T (not in Study Area)
Central Valley, Fall and Late-Fall Run ESU S{eles Not Designated
. Designated
Central Valley Spring-Run ESU T (not in Study Area)
. . Designated
Sacramento River Winter-Run E (not in Study Area)
Lower Columbia ESU T Proposed
Designated
Oregon Coast ESU T (not in Study Area)
Coho Salmon Designated
(Oncorhynchus Southern Oregon/Northern California Coast ESU T €S9
kisutch) (not in Study Area)
Puget Sound/Strait of Georgia ESU Sleles Not Designated v
Central California Coast E Designated

(not in Study Area)
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Table 3.9-1: Status and Presence of Endangered Species Act-Listed Fish Species, Candidate Species, and Species of Concern Found in the Northwest Training

and Testing Study Area (continued)

Species and Regulatory Status

Presence in Study Area

Common Name Distinct Population Segment (DPS)"/ Federal Critical Habitat Offshore | Inland |Western Behm
(Scientific Name) Evolutionarily Significant Unit (ESU)? Status Designation Area Waters | Canal, Alaska
Salmonid Species (continued)
s Designated v v
Chum Salmon Hood Canal Summer-Run ESU T (Inland Waters)
Oncorhynchus keta i
( y ) Columbia River ESU T D_eS|gnated 4
(not in Study Area)
Designated
Ozette Lake ESU T . v
Sockeye Salmon (notin Study Area)
(Oncorhynchus nerka) ) Designated
Snake River ESU E (not in Study Area)
Puget Sound DPS T Proposed 4
N Designated
Upper Columbia River DPS T (not in Study Area)
. N Designated v
Middle Columbia River DPS T (not in Study Area)
N Designated v
Lower Columbia River DPS T (not in Study Area)
. . Designated
. v
Upper Willamette River DPS T (not in Study Area)
Steelhead -
. . Designated v
(On(_:orhynchus Snake River Basin DPS T (not in Study Area)
mykiss) Dos "
N esignate
Northern California Coast DPS T (not in Study Area)
Oregon Coast DPS SOC3 Not Designated
I Designated
California Central Valley DPS T (not in Study Area)
N Designated
v
Central California Coast DPS T (not in Study Area)
i I Designated v
South-Central California Coast DPS T (not in Study Area)
Southern California DPS E Designated v

(not in Study Area)
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Table 3.9-1: Status and Presence of Endangered Species Act-Listed Fish Species, Candidate Species, and Species of Concern Found in the Northwest Training
and Testing Study Area (continued)

Species Name and Regulatory Status

Presence in Study Area

Common Name Distinct Population Segment (DPS)"/ Federal Critical Habitat Offshore | Inland |Western Behm
(Scientific Name) Evolutionarily Significant Unit (ESU)? Status Designation Area Waters | Canal, Alaska
Bull Trout (Salvelinus Designated v v
confluentus) Coastal Puget Sound DPS T (Offshore and Inland Waters)
Rockfish Species
. ) : : Designated v
Bocaccio Rockfish Puget Sound/Georgia Basin DPS E (Inland Waters)
(Sebastes paucispinis) — - -
Southern DPS (Northern California to Mexico) soc? Not Designated v
Canary Rockfish . . Designated v
(Sebastes pinniger) Puget Sound/Georgia Basin DPS T (Inland Waters)
Cowcod Rockfish Central Oregon to central Baja California and 3 . v
(Sebastes levis) Guadalupe Island, Mexico ESU SOC Not Designated
Yelloweye Rockfish . . Designated v
(Sebastes ruberrimus) Puget Sound/Georgia Basin DPS T (Inland Waters)
Other Marine Fish Species
Basking shark . 3 . v
(Cetorhinus maximus) Eastern North Pacific DPS SOC Not Designated
Bigeye thresher shark Eastern Pacific (Canada to Mexico) Cs3 Not Designated v
(Alopias superciliosus)
Common thresher shark Eastern Pacific (Canada to Mexico) cs® Not Designated v
(Alopias vulpinus) g
Designated v v
Green Sturgeon Southern DPS T (Offshore and Inland Waters)
(Acipenser medirostris) .
Northern DPS soc? Not Designated 4 4
Pacific Cod . 3 . v
(Gadus macrocephalus) Salish Sea SOC Not Designated
Pacific Eulachon Designated
v v
(Thaleichthys pacificus) Southern DPS T (not in Study Area)

FISH

3.9-6




NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS

OCTOBER 2015

Table 3.9-1: Status and Presence of Endangered Species Act-Listed Fish Species, Candidate Species, and Species of Concern Found in the Northwest Training

and Testing Study Area (continued)

Species Name and Regulatory Status

Presence in Study Area

Common Name Distinct Population Segment (DPS)"/ Federal Critical Habitat Offshore | Inland |Western Behm
(Scientific Name) Evolutionarily Significant Unit (ESU)? Status Designation Area Waters | Canal, Alaska
Pacific Hake (Merluccius | Georgia Basin (Canada to Washington State) soc? Not Designated v
productus) DPS
Smooth hammerhead
shark Northern California to Mexico Ccss3 Not Designated v

(Sphyma zygaena)

t A species with more than one distinct population segment can have more than one ESA listing status, as individual distinct population segments can be either not listed under the
ESA or can be listed as endangered, threatened, or a candidate species.
2 Evolutionarily significant unit is a population of organisms that is considered distinct for purposes of conservation.
3 Species of Concern and Candidate Species status does not carry any procedural or substantive protections under the ESA, but these species are included in Table 3.9-1 for

informational purposes

Notes: Federal Status: E = Endangered, T = Threatened, CS = Candidate Species, SOC = Species of Concern
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3.9.1.2 Taxonomic Groups

Taxonomic groupings of marine and anadromous fishes are listed in Table 3.9-2 and are described
further in Section 3.9.2 (Affected Environment). To ensure inclusion of all fishes representative of the
Study Area, these taxonomic groups are presented to supplement the approach used for the ESA-
protected species in this document.

Table 3.9-2: Taxonomic Groups of Fishes within the Northwest Training and Testing Study Area

Taxonomic Groups?

Distribution Within Study Area

axonomic Grouping escription shore Area nlan aters

T ic Groupi Descripti Offshore A Inland W Si‘f;gizst
Hagfish and lamprey Primitive and jawless with

(orders Myxiniformes and an eel-like body shape that Water column, Seafloor Seafloor

Petromyzontiformes)

feed on dead fishes or are
parasitic

seafloor

Sharks, rays, and
chimaeras (class
Chondrichthyes)

Cartilaginous (non-bony)
fishes, some of which are
open ocean predators

Surface, water
column, seafloor

Surface, water
column,
seafloor

Surface, water
column,
seafloor

Eels and spiny eels (order
Anguilliformes, order
Elopiformes)

Undergo a unique larval
stage with a small head and
elongated body; very
different from other fishes

Surface, water
column, seafloor

Surface, water
column,
seafloor

Surface, water
column,
seafloor

Sturgeons (order

Cartilaginous skeleton,

Water column,

Water column,

Water column,

Acipenseriformes) anadromous, and long lived seafloor seafloor seafloor
Herring, Eulachon, and

Salmonids (Orders Some are anadromous

Clupeiformes, while others are migratory Surface Surface, water Surface, water

Osmeriformes,
Esociformes, and
Salmoniformes)

between the ocean, bays,
estuaries, and rivers

column

column

Lanternfishes (order
Myctophiformes)

Largest group of deepwater
fishes, most possess
adaptations for low-light
conditions

Water column

Not Present

Not Present

Lizardfishes and
lancetfishes (order

Possess both primitive and
advanced features of marine

Seafloor

Water column,

Water column,

Aulopiformes) fishes seafloor seafloor
Cods, Hakes and Important commercial
. fishery resources, Water column, Water column,
Brotulas(orders Gadiformes . .
s associated with bottom seafloor seafloor
and Ophidiiformes) )
habitats
Toadflsh(_es_ (order Terr_lpgrate and tropical a Seafloor Seafloor Seafloor
Batrachoidiformes) lie-in-wait predator
Pacific saury and Small-sized
Silversides and Pacific nearshore/coastal fishes,
A . ; Surface, water Surface, water
saury (orders primarily feed on organic Surface

Atheriniformes and
Beloniformes)

debris; also includes the
surface-oriented flyingfishes

column

column

Opahs and Ribbonfishes,
(order Lampridiformes)

Primarily open ocean or
deepwater fishes

Surface, water
column

Surface, water
column

Surface, water
column

FISH
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Table 3.9-2: Taxonomic Groups of Marine Fishes within the Northwest Training and Testing Study Area
(continued)

Taxonomic Groups? Distribution Within Study Area
Colonaine Description Offshore Area Inland Waters SEIUIEES!
(Taxonomic Group) Alaska
Small mouth with tubular
Pipefish (order snout and armor like scales; None Surface Surface
Gasterosteiformes) shows a high level of
parental care
Rockfishes (order Bottom dwelling with Surface, water
: modified pectoral fins to rest Seafloor Seafloor column,
Scorpaeniformes)
on the bottom seafloor
Gobies are the largest and
. . . most diverse family of
gm:ese(géﬂg;:)eruformes. marine fishes, mostly found Surface Surface
y in bottom habitats of coastal
areas
Jacks, tunas, and Highly migratory predators
Mackerals, (order found near the surface; they Surface Surface, water | Surface, water
Perciformes: families make up a major component column column
Carangidae, Scombridae) of fisheries
Flounders (order Occur in bottom habitats
throughout the world where Seafloor Seafloor Seafloor

Pleuronectiformes) they are well camouflaged

Unique body shapes and
characteristics to avoid
predators

Ocean sunfish (molas)
(order Tetraodontiformes)

Surface, water Surface, water Surface, water
column column, column

1 Taxonomic groups are based on the following commonly accepted references: Hart 1973; Helfman et al. 1997; Moyle and Cech
1996; Nelson 2006.

3.9.2 AFFECTED ENVIRONMENT

The distribution and abundance of fishes depends greatly on the physical and biological conditions of
the marine environment, such as salinity, temperature, dissolved oxygen, population dynamics, predator
and prey interaction oscillations, seasonal movements, reproduction strategy, life length, and
recruitment success (Helfman et al. 1997). A single factor is rarely responsible for the distribution of fish
species; more often, a combination of factors is accountable. For example, open ocean species optimize
their growth, reproduction, and survival by tracking gradients of temperature, oxygen, or salinity
(Helfman et al. 1997). Another major component of species distribution is the location of highly
productive regions, such as frontal zones. These areas concentrate various prey species and their
predators, such as tuna, and provide visual cues for the location of target species for commercial
fisheries (National Marine Fisheries Service 2001).

3.9.2.1 Hearing and Vocalization

Fish can have two sensory systems to detect sound in the water: the inner ear, which functions very
much like the inner ear in other vertebrates, and the lateral line, which consists of a series of receptors
along the fish’s body (Popper 2008). The inner ear generally detects relatively higher-frequency sounds,
while the lateral line detects water motion at low frequencies (below a few hundred Hertz [Hz])
(Hastings and Popper 2005).
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Many researchers have investigated hearing and vocalizations in fish species (e.g., Astrup 1999; Astrup
and Mohl 1993; Casper et al. 2003a; Casper and Mann 2006a; Coombs and Popper 1979a; Dunning et al.
1992; Egner and Mann 2005a; Gregory and Clabburn 2003; Hawkins and Johnstone 1978a; Higgs et al.
2004; Iversen 1967, 1969; Jorgensen et al. 2005; Kenyon 1996a; Mann et al. 2001; Mann et al. 20053;
Mann and Lobel 1997; Meyer et al. 2010; Myrberg 2001; Nestler et al. 2002; Popper 2008; Popper and
Carlson 1998; Popper and Tavolga 1981; Ramcharitar et al. 2006a; Ramcharitar et al. 2001; Ramcharitar
and Popper 2004a; Ramcharitar and Popper 2004b; Remage-Healey et al. 2006b; Ross et al. 1996;
Sisneros and Bass 2003b; Song et al. 2006; Wright et al. 2007; Wright et al. 2005). Although direct
measurements of hearing ability exist for fewer than 100 of the 32,000 fish species, current data suggest
that most species of fish detect sounds from 50 to 1,000 Hz, with only a few fishes capable of detecting
sounds above 4 kilohertz (kHz) (Popper and Hastings 2009a; Popper 2008). It is believed that most fishes
have their best hearing sensitivity from 100 to 400 Hz (Popper 2003). Some clupeid species (e.g., shad in
the subfamily Alosinae) are an exception and have demonstrated the ability to detect higher frequency
sounds, even into the ultrasonic range of frequencies (i.e., sounds above 100 kHz) (Astrup 1999). Despite
this capability, the best hearing sensitivity for clupeids is generally at frequencies less than 1 kHz
(Popper and Fay 2010; Popper and Schilt 2008; Mann et al. 2001).

The inner ears of fish are directly sensitive to acoustic particle motion rather than acoustic pressure (for
a more detailed discussion of particle motion versus pressure, see Section 3.0.4, Introduction to
Acoustics). Although a propagating sound wave contains pressure and particle motion components,
particle motion is most significant at low frequencies (less than a few hundred Hz) and closer to the
sound source. However, a fish’s gas-filled swim bladder can enhance sound detection by converting
acoustic pressure into localized particle motion, which may then be detected by the inner ear. Fish with
swim bladders generally have better sensitivity and better high-frequency hearing than fish without
swim bladders (Popper and Fay 2010). Some fish also have specialized structures such as small gas
bubbles or gas-filled projections that terminate near the inner ear. In reality many fish species possess a
continuum of anatomical specializations that may enhance their sensitivity to pressure changes (versus
particle motion), and thus higher frequencies and lower intensities (Popper and Fay 2010).

Past studies indicated that hearing specializations in marine fish were quite rare (Amoser and Ladich
2005; Popper 2003b). However, more recent studies have shown that there are more fish species than
originally investigated by researchers, such as deep sea fish, that may have evolved structural
adaptations to enhance hearing capabilities (Buran et al. 2005; Deng et al. 2011). Marine fish families
Holocentridae (squirrelfish and soldierfish), Pomacentridae (damselfish), Gadidae (cod, hakes, and
grenadiers), and Sciaenidae (drums, weakfish, and croakers) have some members that can potentially
hear sound up to a few kHz. There is also evidence, based on the structure of the ear and the
relationship between the ear and the swim bladder, that at least some deep-sea species, including
myctophids, may have hearing specializations and thus be able to hear higher frequencies (Deng et al.
2011; Popper 1977; Popper 1980), although it has not been possible to do actual measures of hearing on
these fish from great depths.

Several species of reef fish tested have shown sensitivity to higher frequencies (i.e., over 1,000 Hz). The
hearing of the shoulderbar soldierfish (Myripristis kuntee) has a higher-frequency auditory range
extending toward 3 kHz (Coombs and Popper 1979b), while other species tested in this family have been
demonstrated to lack this high frequency hearing ability (e.g., Hawaiian squirrelfish [Adioryx
xantherythrus] and saber squirrelfish [Sargocentron spiniferum]). Some damselfish can hear frequencies
of up to 2 kHz, but with best sensitivity well below 1 kHz (Egner and Mann 2005b; Kenyon 1996b; Wright
et al. 2005; Wright et al. 2007).
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Sciaenid research by Ramcharitar et al. (2006b) investigated the hearing sensitivity of weakfish
(Cynoscion regalis). Weakfish were found to detect frequencies up to 2 kHz. The sciaenid with the
greatest hearing sensitivity discovered thus far is the silver perch (Bairdiella chrysoura), which has
responded to sounds up to 4 kHz (Ramcharitar et al. 2004). Other species tested in the family Sciaenidae
have been demonstrated to lack this higher frequency sensitivity.

It is possible that the Atlantic cod (Gadus morhua) is also able to detect high-frequency sounds (Astrup
and Mohl 1993). However, in Astrup and Mohl’s (1993) study it is feasible that the cod was detecting the
stimulus using touch receptors that were over driven by very intense fish-finding sonar emissions
(Astrup 1999, Ladich and Popper 2004). Nevertheless, Astrup and Mohl (1993) indicated that cod have
high frequency thresholds of up to 38 kHz at 185 to 200 decibels (dB) relative to (re) 1 micropascal (uPa),
which likely only allows for detection of odontocete’s clicks at distances no greater than 33 to 98 feet
(ft.) (10 to 30 meters [m]) (Astrup 1999). Experiments on several species of the Clupeidae (i.e., herrings,
shads, and menhadens) have obtained responses to frequencies between 40 kHz and 180 kHz (Astrup
1999); however, not all clupeid species tested have demonstrated this very high-frequency hearing.
Mann et al. (1998) reported that the American shad can detect sounds from 0.1 to 180 kHz with two
regions of best sensitivity: one from 0.2 to 0.8 kHz, and the other from 25 kHz to 150 kHz. This shad
species has relatively high thresholds (about 145 decibels referenced to 1 micropascal [1 dB re 1 pPal),
which should enable the fish to detect odontocete clicks at distances up to about 656 ft. (200 m) (Mann
et al. 1997). In contrast, the Clupeidae bay anchovy (Anchoa mitchilli), scaled sardine (Harengula
jaguana), and Spanish sardine (Sardinella aurita) did not respond to frequencies over 4 kHz (Gregory
and Clabburn 2003; Mann et al. 2001b). Mann et al. (2005b) found hearing thresholds of 0.1 kHz to

5 kHz for Pacific herring (Clupyea pallasii).

Two other groups to consider are the jawless and the cartilaginous fishes. While there are lampreys in
the marine environment, virtually nothing is known about their hearing capability. They do have ears,
but these are relatively primitive compared to the ears of other vertebrates, and it is unknown whether
they can detect sound (Popper and Hoxter 1987). While there have been some studies on the hearing of
cartilaginous fishes, these have not been extensive. However, available data suggest detection of sounds
from 20 to 1,000 Hz, with best sensitivity at lower ranges (Casper et al. 2003b; Casper and Mann 2006b;
Casper and Mann 2009; Myrberg 2001). It is speculated that elasmobranchs only detect low-frequency
sounds because they lack a swim bladder or other pressure detector.

Most other marine species investigated to date lack higher-frequency hearing (i.e., greater than
1,000 Hz). This notably includes sturgeon species tested to date that could detect sound up to 400 or
500 Hz (Lovell et al. 2005; Meyer et al. 2010 )and Atlantic salmon that could detect sound up to about
500 Hz (Hawkins and Johnstone 1978b; Kane et al. 2010).

Bony fish can produce sounds in a number of ways and use them for a number of behavioral functions
(Ladich 2008). Over 30 families of fish are known to use vocalizations in aggressive interactions, and over
20 families are known to use vocalizations in mating (Ladich 2008). Sound generated by fish as a means
of communication is generally below 500 Hz (Slabbekoorn et al. 2010a). Although fish can produce
sounds in a number of ways, typically the air in the swim bladder is vibrated by the sound-producing
structures (often muscles that are integral to the swim bladder wall) and radiates sound into the water
(Zelick et al. 1999). Sprague and Luczkovich (2004) calculated that silver perch can produce drumming
sounds ranging from 128 to 135 dB re 1 Pa (root mean square [rms]). Female midshipman fish
apparently use the auditory sense to detect and locate vocalizing males during the breeding season
(Sisneros and Bass 2003a).
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3.9.2.2 General Threats

This section covers the existing condition of marine fishes as a resource and presents some of the major
threats within the Study Area. Species-specific threats are addressed for each of the ESA-listed species.
Human-made impacts are widespread throughout the world’s oceans, such that very few habitats
remain unaffected by human influence (Halpern et al. 2008). These human-induced influences, or
stressors have shaped the condition of marine fish populations, particularly those species with large
body sizes and late maturity ages, making these species especially vulnerable to habitat losses and
fishing pressure (Reynolds et al. 2005). This trend is evidenced by the world’s shark species, which make
up 60 percent of the marine fishes of conservation concern (International Union for Conservation of
Nature and Natural Resources 2009). Furthermore, the conservation status of only 3 percent of the
world’s marine fish species has been evaluated, so the threats to the remaining species are largely
unknown at this point (Reynolds et al. 2005).

Overfishing is the most serious threat that has led to the listing of ESA-protected marine species (Crain
et al. 2009; Kappel 2005), with habitat loss also contributing to extinction risk (Cheung et al. 2007; Dulvy
et al. 2003; Jonsson et al. 1999; Limburg and Waldman 2009; Musick et al. 2000). Overfishing occurs
when fishes are harvested in quantities above a sustainable level. Overfishing impacts targeted species,
and non-targeted species (or “bycatch” species) that often are prey for other fishes and marine
organisms. Bycatch may also include seabirds, turtles, and marine mammals. Additionally, in recent
decades the marine fishes being targeted have changed such that when higher-level predators become
scarce, different organisms on the food chain are subsequently targeted; this has negative implications
for entire marine food webs (Crain et al. 2009; Pauly and Palomares 2005). Other factors, such as
fisheries-induced evolution and intrinsic vulnerability to overfishing, have been shown to reduce the
abundance of some populations (Kauparinen and Merila 2007). Fisheries-induced evolution describes a
change in genetic composition of the population that results from intense fishing pressure, such as a
reduction in the overall size and growth rates of fish in a population. Intrinsic vulnerability describes
certain life history traits (e.g., large body size, late maturity age, low growth rate) that result in a species
being more susceptible to overfishing than others (Cheung et al. 2007).

Pollution primarily impacts coastal fishes that occur near the sources of pollution. However, global
oceanic circulation patterns result in a considerable amount of marine pollutants and debris scattered
throughout the open ocean (Crain et al. 2009). Pollutants in the marine environment that may impact
marine fishes include organic pollutants (e.g., pesticides, herbicides, polycyclic aromatic hydrocarbons,
flame retardants, and oil), inorganic pollutants (e.g., heavy metals), and debris (e.g., plastics and wastes
from dumping at sea) (Pew Oceans Commission 2003). High chemical pollutant levels in marine fishes
may cause behavioral changes, physiological changes, or genetic damage in some species (Goncalves et
al. 2008; Moore 2008; Pew Oceans Commission 2003; van der Oost et al. 2003). Bioaccumulation of
pollutants (e.g., metals and organic pollutants) is also a concern, particularly in terms of human health,
because people consume top predators with high pollutant loads. Bioaccumulation is the net buildup of
substances (e.g., chemicals or metals) in an organism directly from contaminated water or sediment
through the gills or skin, from ingesting food containing the substance (Newman 1998), or from
ingestion of the substance itself (Moore 2008). Entanglement in abandoned commercial and
recreational fishing gear has also caused pollution-related declines for some marine fishes; some species
are more susceptible to entanglement by marine debris than others (Musick et al. 2000).

Other human-caused stressors on marine fishes are the introduction of non-native species, climate
change, aquaculture, energy production, vessel movement, and underwater noise:

FISH 3.9-12



NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS OCTOBER 2015

e Non-native fishes and invertebrates pose threats to native fishes when they are introduced into
an environment lacking natural predators and then compete with, and prey upon, native marine
fishes for resources (Crain et al. 2009).

e Global climate change is contributing to a shift in fish distribution from lower to higher latitudes
(Brander 2010; Brander 2007; Dufour et al. 2010; Glover and Smith 2003; Limburg and Waldman
2009; Wilson et al. 2010).

e The threats of aquaculture operations on wild fish populations are reduced water quality,
competition for food, predation by escaped or released farmed fishes, spread of disease, and
reduced genetic diversity (Kappel 2005). These threats become apparent when escapees enter
the natural ecosystem (Hansen and Windsor 2006; Ormerod 2003). As a result, the National
Oceanic and Atmospheric Administration developed an aquaculture policy aimed at promoting
sustainable marine aquaculture (National Oceanic and Atmospheric Administration 2011a).

e Energy production and offshore activities associated with power-generating facilities results in
direct and indirect fish injury or mortality from two primary sources; cooling water withdrawal
that results in entrainment mortality of eggs and larvae and impingement mortality of juveniles
and adults (U.S. Environmental Protection Agency 2004), and offshore wind energy
development that results in acoustic impacts (Madsen et al. 2006).

e Vessel strikes pose threats to some large, slow-moving fishes at the surface. Whale sharks,
basking sharks, ocean sunfish, and manta rays are vulnerable to ship strikes, and numerous
collisions have been recorded (National Marine Fisheries Service 2010; Rowat et al. 2007b;
Stevens 2007).

e Underwater noise may affect some marine fishes. However, the physiological and behavioral
responses of marine fishes to underwater noise (Codarin et al. 2009; Popper 2003; Slabbekoorn
et al. 2010b; Wright et al. 2010) have been investigated for only a limited number of species
(Popper and Hastings 2009a, b). In addition to vessels, other sources of underwater noise
include seismic survey activity, pile driving, and offshore energy projects such as hydrokinetic
and wind farm structures (Popper and Hastings 2009a). Information on fish hearing is provided
in Section 3.9.2.1 (Hearing and Vocalization), with further discussion in Section 3.9.3.1 (Acoustic
Stressors).

3.9.2.3 Endangered Species Act-Listed Species

This section describes ESA-listed species that are present within the Study Area, and critical habitat that
has been designated or proposed within the Study Area that might conceivably be affected by the
proposed action. Information on the spatial and temporal distribution, life history, and ecological
requirements of species known to occur in the Study Area is presented below. Critical habitat and the
associated Primary Constituent Elements (PCEs), if applicable, within the Study Area are identified and
described. Potential impacts to critical habitat were assessed by determining the effects of the project
on the PCEs of the critical habitat. Critical habitat is defined as (1) specific areas within the geographical
area occupied by the species at the time of listing, if those areas contain physical or biological features
essential to conservation, and those features may require special management considerations or
protection; and (2) specific areas outside the geographical area occupied by the species if the agency
determines that the area itself is essential for conservation. PCEs are defined as sites or habitat
components that support one or more life stages deemed essential to the conservation of the species.
Critical habitat maps were only provided for species in which the critical habitat extended into the Study
Area.
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3.9.2.3.1 Salmonid Species

Juveniles and adults of all anadromous salmonid ESUs and DPSs in the Study Area traverse through
estuaries en route to and from the Pacific Ocean. The time spent in a given river or estuary is
determined by species, a combination of environmental conditions (i.e., river discharge, water
temperature, food availability), intrinsic biological differences (sex and population), and physiological
and energetic status (overall health). There is extensive variation in migration behavior among
individuals, sexes, and populations.

Adult salmonids may move into estuaries throughout the year and may remain for several weeks prior
to migrating upstream for spawning. Juveniles may also be present in estuaries throughout the year.
Different species, size classes, and life history types continually move downstream and enter tidal
waters on their migration to the ocean. The juvenile salmonid species, such as sockeye or steelhead,
may move quickly through an estuary. Whereas chum and ocean-type Chinook salmon (which immigrate
to the ocean as sub-yearling smolts), are smaller in size and generally select shallower, slower water
habitats along river margins, thus inhabiting an estuary longer.

Salmonids in the ocean tend to remain over the continental shelf, which is typically defined as waters
from the shore seaward to the 200 m depth contour. In the Offshore Area, the continental shelf is
typically within 50 nm of the shore. Off of Washington in the Olympic Coast National Marine Sanctuary,
the continental shelf extends from 7-35 nm offshore. In southern Washington and Oregon, the
continental shelf ranges in width from 8-36 nm and in northern California the shelf remains similar to
the profile in Oregon. Species specific information on depth preference is provided in the species
specific write ups.

The quantity and quality of critical habitat are evaluated by reference to PCEs, defined as those sites and
habitat components that support one or more life stages and are deemed essential for the conservation
of the species. The PCEs for nearshore marine areas and offshore marine areas are listed below. Bull

trout have different PCEs, which are discussed in Section 3.9.2.3.1.6 (Bull Trout [Salvelinus confluentus]).

o Nearshore marine areas free of obstruction with water quality and quantity conditions and
forage, including aquatic invertebrates and fishes, supporting growth and maturation; and
natural cover such as submerged and overhanging large wood, aquatic vegetation, large rocks
and boulders, and side channels. As in the case with freshwater migration corridors and
estuarine areas, nearshore marine features are essential to conservation because without them
juveniles cannot successfully transition from natal streams to offshore marine areas. NMFS
focused the designation of this PCE on nearshore areas in Puget Sound because of its unique
and relatively sheltered fjord-like setting. There are two salmonid species (Chinook and chum)
with nearshore marine area PCEs in the Study Area (Figure 3.9-1 and Figure 3.9-2).

o Offshore marine areas with water quality conditions and forage, including aquatic invertebrates
and fishes, supporting growth and maturation. These features are essential for conservation
because without them juveniles cannot forage and grow to adulthood. However, it is difficult to
identify specific areas containing this PCE as well as human activities that may affect the PCE
condition in those areas. Therefore, NMFS has not designated any specific areas based on this
PCE but instead has identified it because it is essential to the species’ conservation and specific
offshore areas may be identified in the future (70 Federal Register [FR] 52630-52858).
Therefore, since this PCE has not yet been designated, it will not be considered in this analysis.
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Chinook Salmon (Oncorhynchus tshawytscha)

Occurrence in the Study Area

Chinook salmon ESUs may occur in the all portions of the Study Area. The Puget Sound ESU will occur in
the Offshore Area and the Inland Waters. The Upper Columbia River spring-run, Lower Columbia River,
Upper Willamette River, Snake River spring/summer-run, Snake River fall-run, California Coastal, Central
Valley spring-run and Sacramento River winter-run ESUs will only occur in the Offshore Area (see Table
3.9-1). Chinook from the Columbia River tend to have a distribution with greater concentrations north of
the mouth of the Columbia River (Yu et al. 2012).

Status and Management

Of the 9 ESA-listed Chinook salmon ESUs, 2 are listed as endangered and 7 are listed as threatened
(National Marine Fisheries Service 2012b).

Critical habitat for 9 Chinook salmon ESUs has been designated (National Marine Fisheries Service
2012b). Critical habitat and PCEs for the Puget Sound ESU have been designated in the Study Area
(Figure 3.9-1). All other critical habitat is outside the Study Area. Fishery management of Pacific salmon
is through the Pacific Fishery Management Council. The Commission was formed by the governments of
Canada and the United States to implement the Pacific Salmon Treaty. The Commission does not
regulate the salmon fisheries but does provide regulatory advice and recommendations.

Puget Sound ESU

On 28 June 2005, the Puget Sound Chinook Salmon ESU was listed as threatened (70 FR 37160-37204).
This ESU includes all wild (naturally spawned) populations of Chinook salmon from rivers and streams
flowing into Puget Sound, including the Strait of Juan de Fuca from the Elwha River, eastward, including
rivers and streams flowing into Hood Canal, South Sound, North Sound, and the Strait of Georgia in
Washington, and 26 artificial propagation programs. These programs include Kendal Creek Hatchery,
Marblemount Hatchery (fall, spring yearlings, spring subyearlings, and summer run), Harvey Creek
Hatchery, Whitehorse Springs Pond, Wallace River Hatchery (yearlings and subyearlings), Tulalip Bay,
Issaquah Hatchery, Soos Creek Hatchery, Icy Creek Hatchery, Keta Creek Hatchery, White River
Hatchery, White Acclimation Pond, Hupp Springs Hatchery, Voights Creek Hatchery, Diru Creek, Clear
Creek, Kalama Creek, George Adams Hatchery, Rick's Pond Hatchery, Haomma Hamma Hatchery,
Dungeness/Hurd Creek Hatchery, and Elwha Channel Hatchery.

Upper Columbia River ESU

The Upper Columbia River Spring-Run Chinook ESU was listed as endangered on 28 June 2005

(70 FR 37160—-37204). This ESU includes all naturally spawned populations of spring Chinook salmon in
all river reaches accessible to spring Chinook salmon in Columbia River tributaries upstream of Rock
Island Dam and downstream of Chief Joseph Dam in Washington, and six artificial propagation
programs. These propagation programs include Twisp River, Chewuch River, Methow Composite,
Winthrop National Fish Hatchery, Chiwawa River, and White River.

Lower Columbia River ESU

On June 28, 2005, the Lower Columbia River Chinook Salmon ESU was listed as threatened

(70 FR 37160-37204). This ESU includes all naturally spawned populations of Chinook salmon from the
Columbia River and its tributaries from its mouth at the Pacific Ocean, upstream to a transitional point
between Washington and Oregon east of the Hood River and the White Salmon River, and includes the
Willamette River to Willamette Falls, Oregon, exclusive of spring-run Chinook salmon in the Clackamas
River and 17 artificial propagation programs.
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Figure 3.9-1: Critical Habitat for the Puget Sound Chinook Salmon ESU in the Study Area
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Upper Willamette River ESU

The Willamette River Chinook Salmon ESU was listed as threatened on 28 June 2005 (70 FR 37160—
37204). This ESU includes all naturally spawned populations of spring-run Chinook salmon in the
Clackamas River and Willamette River, and its tributaries, above Willamette Falls, Oregon, and seven
artificial propagation programs. The artificial propagation programs are the McKenzie River Hatchery
(Oregon Department of Fish and Wildlife [ODFW] stock #24), Marion Forks/North Fork Santiam River
(ODFW stock #21), South Santiam Hatchery (ODFW stock #23) in the South Fork Santiam River, South
Santiam Hatchery in the Calapooia River, South Santiam Hatchery in the Mollala River, Willamette
Hatchery (ODFW stock #22), and Clackamas hatchery (ODFW stock #19).

Snake River Spring/Summer Run ESU

On 28 June 2005, the Snake River Chinook Salmon Spring/Summer-Run ESU was listed as threatened

(70 FR 37160—-37204). This ESU includes all naturally spawned populations of spring/summer-run
Chinook salmon in the mainstem Snake River and the Tucannon River, Grande Ronde River, Imnaha
River, and Salmon River subbasins, and 15 artificial propagation programs. These artificial propagation
programs include the Tucannon River conventional Hatchery, Tucannon River Captive Broodstock
Program, Lostine River, Catherine Creek, Lookingglass Hatchery, Upper Grande Ronde, Imnaha River, Big
Sheep Creek, McCall Hatchery, Johnson Creek Artificial Propagation Enhancement, Lemhi River Captive
Rearing Experiment, Pahsimeroi Hatchery, East Fork Captive Rearing Experiment, West Fork Yankee Fork
Captive Rearing Experiment, and Sawtooth Hatchery.

Snake River Fall Run ESU

The Snake River Chinook Salmon Fall-Run ESU was listed as threatened on 28 June 2005 (70 FR 37160—
37204). This ESU includes all naturally spawned populations of fall-run Chinook salmon in the mainstem
Snake River below Hells Canyon Dam, and in the Tucannon River, Grande Ronde River, Imnaha River,
Salmon River, and Clearwater River, and four artificial propagation programs: the Lyons Ferry Hatchery,
Fall Chinook Acclimation Ponds Program, Nez Perce Tribal Hatchery, and Oxbow Hatchery fall-run
Chinook hatchery programs.

California Coastal ESU

On 16 September 1999 the California Coastal Chinook Salmon ESU was listed as threatened, and it was
reaffirmed 28 June 2005 (70 FR 37160). This ESU includes all naturally spawned populations of Chinook
salmon from rivers and streams south of the Klamath River to the Russian River, and seven artificial
propagation programs that were considered part of the ESU at the time of listing: the Humboldt Fish
Action Council, Yager Creek, Redwood Creek, Hollow Tree, Van Arsdale Fish Station, Mattole Salmon
Group, and Mad River Hatchery fall-run Chinook hatchery programs. The Mad River Hatchery no longer
rears or produces any Chinook salmon.

Central Valley Spring-Run ESU

On 16 September 1999 the Central Valley Spring-Run Chinook Salmon ESU was listed as threatened
(64 FR 50394). This ESU includes all naturally spawned populations of spring-run Chinook salmon from
the Sacramento River and its tributaries in California, including the Feather River. One artificial
propagation program is considered part of the ESU, the Feather River hatchery spring-run Chinook
program.

Sacramento River Winter Run ESU

On 4 January 1994 the Sacramento River Winter Run Chinook Salmon ESU was listed as endangered
(59 FR 10104). This ESU includes all naturally spawned populations of winter-run Chinook salmon in the
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Sacramento River and its tributaries in California. It also includes two artificial propagation programs:
winter-run Chinook from the Livingston Stone National Fish Hatchery, and winter-run Chinook in a
captive broodstock program maintained at Livingston Stone National Fish Hatchery and the University of
California Bodega Marine Laboratory.

Population and Abundance

Most of the ESUs for Chinook salmon have a low abundance relative to historical levels. NMFS has
reported population sizes from individual ESUs, but because all of these units occur together while at
sea, it is difficult to estimate the marine population numbers in the Study Area. Specific population
numbers, based on freshwater returns, within each of the ESUs is found in Good et al. (2005) and Pacific
Fishery Management Council (2014).

Life History

The general life history of anadromous Chinook salmon includes both freshwater and ocean phases of
development. Incubation, hatching, and emergence occur in fresh water, followed by seaward migration
to the ocean, which is preceded by the onset of smoltification. After several years at sea, maturation is
initiated and adults return to freshwater habitats to spawn in their natal streams. Stream-type Chinook
salmon spend extended periods in fresh water before smoltification, in contrast to the ocean-type that
emigrates to the ocean as sub-yearling smolts.

Coastal streams are dominated by the ocean-type, whereas the stream-type are mainly found in the
headwater streams of larger river systems (National Marine Fisheries Service 2012b). The Puget Sound
Chinook Salmon ESU entering the Inland Waters of the Study Area are predominantly ocean-type fish.
Like other species of Pacific salmon, Chinook salmon die after spawning and are therefore not able to
spawn more than once.

Habitat and Geographic Range

The present distribution of Chinook salmon extends from Hokkaido Island in Japan, east to Alaska, and
south to central California, although the species’ historical range extended to the Ventura River in
California (National Marine Fisheries Service 2012b). Because of their large body size, Chinook salmon
tend to use deeper water and larger size substrate (gravel and cobble) to spawn than other salmonids.
Catch data from commercial fishing records indicate that maturing Chinook salmon are found in the
highest concentrations along the continental shelf within 32 nm (60 kilometers [km]) of the Washington,
Oregon, and California coast lines at depths ranging from 30 to 70 meters. Since spawning occurs
exclusively in freshwater systems outside of the Study Area, spawning habitats are not described here.
However, information on freshwater habitats and spawning areas can be found in Groot and Margolis
(1991) and Good et al. (2005).

Predator/Prey Interactions

Predators of Chinook salmon vary across life stage and habitat. Juveniles and smolts are common season
prey of birds, such as gulls, pelicans, ospreys, and bald eagles, and aquatic mammals such as river otters.
Smolts and adults are commonly preyed on by marine mammals, such as sea lions, harbor seals, and
Southern Resident Killer Whales, especially within coastal areas (Groot and Margolis 1991; National
Marine Fisheries Service 2012b). Juveniles in fresh water feed mostly on insects, amphipods, and
crustaceans, while adults feed on other fish (National Marine Fisheries Service 2012b).

FISH 3.9-18



NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS OCTOBER 2015

Migration

Adult Chinook salmon migrate from the ocean to reach their natal spawning streams, sometimes located
in high elevation tributary headwaters. Although adult Chinook salmon can be found entering rivers
throughout the year, the majority return from April to December. Fall-run Chinook are most abundant,
followed by spring-run Chinook. Populations originating north of Cape Blanco, Oregon, migrate north to
the Gulf of Alaska, while populations originating south of Cape Blanco migrate south and west into the
waters off California and Oregon. Chinook salmon spawning in rivers south of the Rogue River in Oregon
rear in marine waters off California and Oregon, whereas salmon spawning in rivers north of the Rogue
River migrate north and west along the Pacific coast. Open ocean migration zones of juvenile Chinook
salmon are generally within 55 km of the Washington, Oregon, and California coasts, with a vast
majority of those fish less than 28 km offshore (Fisher et al. 1984, Fisher and Pearcy 1995).

Species-Specific Threats

There are many threats to the survival of Chinook salmon ESUs found within the Study Area, which vary
with life stage and location. Principal threats include, but are not limited to, alteration of stream flow
patterns and habitat degradation; barriers to fish passages; channel alterations; water quality problems;
non-native fish, invertebrates, and plants; and climate change. These threats pose a serious challenge to
the persistence of Chinook salmon. Chinook salmon ocean fisheries bycatch, which include other salmon
species along with undersized Chinook salmon, have a greater than 25 percent mortality rate
(Wertheimer 1997).

Coho Salmon (Oncorhynchus kisutch)

Occurrence in the Study Area

Coho salmon may occur in the all portions of the Study Area. The Puget Sound/Strait of Georgia ESU will
occur in the Offshore Area and Inland Waters. The Lower Columbia River, Oregon Coast, Southern
Oregon and Northern California Coast, and Central California Coast ESUs will occur in the Offshore Area
(see Table 3.9-1).

Status and Management

Of the four ESA-listed coho ESUs, one is listed as endangered and three are listed as threatened
(National Marine Fisheries Service 2012¢).

Critical habitat has been designated for three of the coho salmon ESUs (Oregon Coast ESU, Southern
Oregon/Northern California Coast ESU, and Central California Coast ESU) (National Marine Fisheries
Service 2012e); however, it does not overlap with the Study Area. Critical habitat is proposed for the
Lower Columbia River ESU for freshwater and estuarine habitat outside of the Study Area.

Lower Columbia ESU

The Lower Columbia Coho Salmon ESU was listed as threatened on 28 June 2005 (70 FR 37106—-37204).
This ESU includes all naturally spawned populations of coho salmon in the Columbia River and its
tributaries in Washington and Oregon, from the mouth of the Columbia up to and including the Big
White Salmon and Hood Rivers, and includes the Willamette River to Willamette Falls, Oregon, and 25
artificial propagation programs. These programs include Grays River, Sea Resources Hatchery, Peterson
Coho Project, Big Creek Hatchery, Astoria High School (STEP) Coho Program, Warrenton High School
(STEP) Coho Program, Elochoman Type-S Coho Program, Elochoman Type-N Coho Program, Cathlamet
High School FFA Type-N Coho Program, Cowlitz Type-N Coho Program in the Upper and Lower Cowlitz
Rivers, Cowlitz Game and Anglers Coho Program, Friends of the Cowlitz Coho Program, North Fork
Toutle River Hatchery, Kalama River Type-N Coho Program, Kalama River Type-S Coho Program,
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Washougal Hatchery Type-N Coho Program, Lewis River Type-N Coho Program, Lewis River Type-S Coho
Program, Fish First Wild Coho Program, Fish First Type-N Coho Program, Syverson Project Type-N Coho
Program, Eagle Creek National Fish Hatchery, Sandy Hatchery, and Bonneville/Cascade/Oxbow complex.

Oregon Coast ESU

On 20 June 2011, the Oregon Coast Coho salmon ESU was listed as threatened (76 FR 35755-35771).
This ESU includes all naturally spawned populations of Coho salmon in Oregon coastal streams south of
the Columbia River and north of Cape Blanco, including the Cow Creek (ODFW stock #37) Coho hatchery
program.

Southern Oregon and Northern California ESU

The Southern Oregon and Northern California Coho Salmon ESU was listed as threatened on 28 June
2005 (70 FR 37160). This ESU includes all naturally spawned populations of Coho salmon in coastal
streams between Cape Blanco, Oregon, and Punta Gorda, California, and three artificial propagation
programs. These programs are Cole Rivers Hatchery (ODFW stock #52), Trinity River Hatchery, and Iron
Gate Hatchery.

Central California Coast ESU

The Central California Coast Coho Salmon ESU was listed as endangered on 2 April 2012 (77 FR 19552).
This ESU all naturally spawned populations of coho salmon from Punta Gorda in northern California
south, to and including the San Lorenzo River in central California. It also includes populations in
tributaries to San Francisco Bay, excluding the Sacramento-San Joaquin River system. Four artificial
propagation programs are part of this ESU: the Don Clausen Fish Hatchery Captive Broodstock Program,
the Scott Creek/Kind Fisher Flats Conservation Program, the Scott Creek Captive Broodstock Program,
and the Noyo River Fish Station egg-take Program.

Population and Abundance

Most of the ESUs have a low abundance relative to historical levels and have seen decreases in recent
years (National Marine Fisheries Service 2012e). NMFS has reported population sizes from individual
ESUs, but because all of these units occur together while at sea, it is difficult to estimate the marine
population numbers. Specific population numbers, based on freshwater returns, within each of the ESUs
is found in Good et al. (2005) and Pacific Fishery Management Council (2014).

Life History

Coho salmon are on a relatively fixed life cycle compared with other salmonids, spending approximately
18 months in freshwater and another 18 months in the ocean. Like other species of Pacific salmon, coho
salmon die after spawning and are therefore not able to spawn more than once. Eggs incubate during
winter in the gravel, and in spring the juveniles emerge. Juveniles reside in rivers and streams for a year
or more before smolting and emigrating to the ocean. After spending 18 months at sea, mature coho
return to their natal stream.

Puget Sound populations are generally found in the Strait of Juan de Fuca and the coastal waters of
Vancouver Island during the summer months (Pacific Fishery Management Council 2000). As
populations leave Puget Sound, smolts can be found migrating northward along the east or west coast
of Vancouver Island and out into the Pacific Ocean (Pacific Fishery Management Council 2000). Coho
migrating from Oregon streams may initially be found south of their natal streams due to strong
southerly currents (Pacific Fishery Management Council 2000). These currents weaken during the winter
months and the smolts move northward (Pacific Fishery Management Council 2000).
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Habitat and Geographic Range

The historic distribution of coho salmon extended from Hokkaido Island in Japan, east to Alaska, and
south to central California; however, some populations are now considered extinct (National Marine
Fisheries Service 2012e). Since spawning occurs exclusively outside of the Study Area, spawning habitats
are not described here. However, information on freshwater habitats and spawning areas can be found
in Good et al. (2005).

Coho salmon stocks from Washington, Oregon, and northern California are found in the Pacific Ocean
and the Gulf of Alaska north of 44 degrees (°) N latitude to 57° N latitude, extending westward and
southward along the Aleutian chain to the Emperor Sea Mounts area near 43° N latitude and 175° E
longitude. Coho migrating from Oregon streams may initially be found south of their natal streams due
to strong southerly currents (Pacific Fishery Management Council 2000). These currents weaken during
the winter months, and the salmon migrate northward (Pacific Fishery Management Council 2000).
Juvenile coho salmon are found in high concentrations with 32 nm (60 km) of the Washington, Oregon,
and California coast with a majority of those fish found within 20 nm (37 km) of the coast [Pearcy and
Fisher 1990, Pearcy 1992]).

Predator/Prey Interactions

Predators of coho salmon vary across life stage and habitat. Juveniles and smolts are common season
prey of birds such as cormorants, mergansers, gulls, pelicans, ospreys, bald eagles, kingfishers and
aquatic mammals such as river otters. Adults are commonly preyed on by sea lions, harbor seals, and
Southern Resident Killer Whales, especially within coastal areas (National Marine Fisheries Service
2012b), while returning adults are eaten by bears during their upstream migration. Juveniles in fresh
water feed mostly on insects, amphipods, and crustaceans, while adults feed on other fish (National
Marine Fisheries Service 2012b) such as herring, anchovies, sardines, and juvenile rockfishes (e.g.,
Bocaccio).

Migration

Within the Study Area most adult coho salmon migrate north from their respective freshwater habitats
(Pacific Fishery Management Council 2000). Coho salmon from Oregon streams have been collected in
offshore waters near Kodiak Island in the northern Gulf of Alaska (Hartt and Dell 1986, Myers et al.
1996). Tag, release, and recovery studies suggests that coho salmon of California origin can be found as
far north as southeast Alaska and populations from Oregon and Washington migrate as far north as the
northern Gulf of Alaska (Pacific Fishery Management Council 2000). Recently it has been observed that
some salmonid species in southeast Alaska, including coho, have been migrating earlier than historically,
possibly due to warmer water temperatures (Kovach et al. 2014).

Species-Specific Threats

There are many threats to the survival of coho salmon ESUs, which vary by life stage, found within the
Study Area. Principal threats include, but are not limited to, alteration of stream flow patterns and
habitat degradation; barriers to passages; channel alterations; water quality problems; non-native
fishes, invertebrates, and plants; and climate change.

Chum Salmon (Oncorhynchus keta)

Occurrence in the Study Area

Chum salmon may occur in all portions of the Study Area. The Hood Canal summer-run ESU will occur in
both the Offshore Area and Inland Waters portions of the Study Area. The Columbia River ESU will only
occur in the Offshore Area.
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Status and Management
Both ESA-listed chum ESUs were listed as threatened on 28 June 2005 (70 FR 37160).

Critical habitat has been designated for both of the chum salmon ESUs; however only critical habitat for
the Hood Canal summer-run ESU occurs within the Study Area (Figure 3.9-2).

Hood Canal Summer-Run ESU

The Hood Canal Summer-Run ESU was listed as threatened on 28 June 2005 (70 FR 37160). This ESU
includes all naturally spawned populations of summer-run chum salmon in Hood Canal and its
tributaries, plus populations in Olympic Peninsula rivers between Hood Canal and Dungeness Bay,
Washington, and eight artificial propagation programs. These programs include the Hamma Hamma Fish
Hatchery, Lilliwaup Creek Fish Hatchery, Union River/Tahuya, Big Beef Creek Fish Hatchery, Salmon
Creek Fish Hatchery, Chimacum Creek Fish Hatchery, and the Jimmycomelately Creek Fish Hatchery.

Columbia River ESU

On 28 June 2005, the Columbia River Chum Salmon ESU was listed as threatened (70 FR 37160). This ESU
includes all naturally spawned populations of chum salmon in the Columbia River and its tributaries in
Washington and Oregon, and three artificial propagation programs: the Chinook River (Sea Resources
Hatchery), Grays River, and Washougal River/Duncan Creek chum hatchery programs.

The recreational and commercial salmon fishing seasons for chum are set in the same manner as other
salmon fisheries. This method reviews the pre-season forecast of abundance and then designs fisheries
that open in areas and during times when healthy stock predominate and weak stocks are relatively
unaffected. Hood Canal Summer-Run Chum are of special concern because of their threatened status
under the ESA. Consequently, fishing for chum salmon is prohibited in Hood Canal and Admiralty Inlet
through the summer and early fall. The fall and winter chum runs in Puget Sound are very healthy. If
these test fisheries indicate the run is either much larger or much smaller than predicted in the
pre-season forecast then commercial seasons are adjusted accordingly. Because the recreational harvest
of chum is still relatively small, in-season adjustments to recreational fishing seasons focused on chum
are rare (Washington Department of Fish and Wildlife 2012a). The Pacific Coast Salmon Recovery Fund
was established by Congress in 2000 to support the restoration of salmon species (National Marine
Fisheries Service 2012d).

Life History

Chum salmon are second only to Chinook in dependence upon estuaries (Groot and Margolis 1991).
Chum salmon usually spawn in the lowest reaches of streams, and juveniles move out into the estuaries
almost immediately after emerging from their spawning gravel. Ocean migration of juveniles is
correlated with increasing water temperature and plankton blooms. This means survival and growth of
juveniles depends less on river habitat conditions and more on favorable estuarine and ocean
conditions. Chum salmon are mostly found within the continental shelf, juveniles are found at depths
less than 40 meters while adults are typically epipelagic (Quinn and Myrs 2004). After spending between
1 and 5 years in the ocean, chum salmon mature and return to their home freshwater stream to spawn.
In most areas, maturity is reached at 4 years of age (Groot and Margolis 1991). Like other species of
Pacific salmon, chum salmon die after spawning and are not able to spawn more than once.

Age at maturity appears to follow a latitudinal trend in which a greater number mature at a later age in
the northern portion of the species’ range. Most chum salmon mature and return to their birth stream
to spawn between 3 and 5 years of age, with 60-90 percent maturing at 4 years of age.
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Figure 3.9-2: Critical Habitat for the Hood Canal Summer-run Chum ESU in the Study Area
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Population and Abundance

Over the past 50 years, the average population of chum has been a few thousand a year, whereas
historically populations reached hundreds of thousands to a million adults each year (National Marine
Fisheries Service 2012c). Specific population numbers within each ESU can be found in Ford (2011) and
Pacific Fishery Management Council (2014).

Habitat and Geographic Range

Chum salmon have the widest natural geographic and spawning distribution of Pacific salmonid and,
prior to the influences of harvest, probably the greatest biomass of any of the salmon species in the
Pacific Ocean (Groot and Margolis 1991; National Marine Fisheries Service 2012c). Its range extends
along the shores of the Arctic Ocean farther than other salmonids. Spawning populations are known
from Korea and Japan and into the far north of Russia. Major spawning populations on the west coast of
the United States occur from Alaska only as far south as Coquille River, Oregon.

Chum salmon range from the shores of the Arctic Ocean, and spawning populations are found from
Korea and Japan and into the far north of Russia. In North America, chum salmon were historically
documented throughout western Canada and U.S. coastal regions and as far south as Monterey,
California. However, considerable doubt exists that the early surveys (1881-1908) identifying chum
juveniles and adults in California were correct (Johnson et al. 2012).

Predator/Prey Interactions

Predation on chum salmon occurs by fishes and birds when juvenile, and large fishes and marine
mammals as adults. Predation on juveniles does not normally threaten the success of the populations
unless they are subjected to unusually high predation rates. Hatchery releases are a common reason for
large predator aggregations and, in some situations, this practice has been shown to negatively impact
the survival of juveniles (Washington Department of Fish and Wildlife 2012a). Juveniles feed on insects
and aquatic invertebrates in estuaries and copepods and amphipods after they move to the ocean.
Adults’ diets consists of copepods, fishes, mollusks, squid larvae, and tunicates (National Marine
Fisheries Service 2012c).

Migration

Chum salmon juveniles emerge during nighttime hours and promptly migrate downstream near the
surface of the river to estuaries where they remain until the smolting process is completed. Time spent
migrating is dependent on distance between the spawning redd and the estuary. In shorter rivers, the
migration is over in about 30 days, and prolonged in longer rivers. Migration timing varies from early
spring to midsummer by latitude, stream length, timing of spawning of parental stock, and interactions
with other species, particularly pink salmon. More juveniles migrate to estuaries when the stream
temperature rises to 60 degrees and to the ocean when the temperature exceeds 17 degrees. Juveniles
begin to move into shallow waters of the ocean in late spring and to deeper (60—130 ft.) habitat over
summer. By late summer, juveniles move from nearshore coastal waters near their natal streams out to
100 miles (mi.) offshore in the Gulf of Alaska, where they school with juvenile sockeye and pink salmon.
Juveniles move south of the Gulf of Alaska in late fall and eastward over winter and then return in late
spring and early summer. From late spring to early summer, maturing chum salmon move from offshore
to nearshore habitats with the length of distance to natal streams dictating the onset of their spawning
migration (Groot and Margolis 1991). Recently it has been observed that some salmonid species in
southeast Alaska, including chum, have been migrating earlier than historically, possibly due to warmer
water temperatures (Kovach et al. 2014).
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Species-Specific Threats

There are many threats to the survival of the Hood Canal Chum Summer-Run ESU. Principal threats
include alteration of stream flow and habitat degradation, barriers to passages, channel alterations,
poor water quality, non-native species, and climate change. These threats pose a serious challenge to
the persistence of Pacific Northwest chum salmon.

Sockeye Salmon (Oncorhynchus nerka)

Occurrence in the Study Area

Sockeye salmon from the Ozette Lake and Snake River ESUs may occur in the Offshore portion of the
Study Area (Table 3.9-1).

Status and Management

Of the two ESA-listed sockeye ESUs, the Ozette Lake ESU is listed as threatened (70 FR 37160) and the
Snake River ESU is listed as endangered (56 FR 58619). Critical habitat was designated for the Ozette
Lake ESU on 2 September 2005 and for the Snake River ESU on 28 December 1993 (National Marine
Fisheries Service 2013b). However, no critical habitat occurs in the Action Area.

Ozette Lake ESU

The Ozette Lake Sockeye Salmon ESU was listed as threatened on 28 June 2005 (70 FR 37160). This ESU
includes all naturally spawned populations of sockeye salmon in Ozette Lake and streams and tributaries
flowing into Ozette Lake, Washington, and two artificial propagation programs. The programs are
Umbrella Creek and Big River.

The historical abundance of Ozette Lake Sockeye, located in the Olympic National Park in Washington, is
poorly documented, but is believed to have declined substantially from historical levels. In the 1940s the
first estimates of escapement (returning adults) of Ozette Lake sockeye salmon were approximately
several thousand fish. These counts appear to be roughly double the current mean abundance. Recent
year escapement estimates have averaged below 1,000 adults per year, with low years dropping to only
a few hundred fish.

The listed sockeye salmon ESU includes all naturally spawned sockeye salmon that reside below
impassable natural barriers in Ozette Lake and its tributaries. The sockeye salmon reared at the Makah
Tribe’s Umbrella Creek Hatchery are also considered part of the unit but not considered essential for
recover of the unit. There have been no harvests of Ozette Lake sockeye salmon for the past 16 years.
There are currently no known marine area harvest impacts on the Ozette Lake sockeye salmon
(Washington Department of Fish and Game 2012b). The Pacific Coast Salmon Recovery Fund was
established by Congress in 2000 to support the restoration of salmon species (National Marine Fisheries
Service 2012d).

Snake River ESU

On November 20, 1991, the Snake River Sockeye ESU was listed as endangered (56 FR 58619). This ESU
includes all anadromous and residual sockeye salmon from the Snake River Basin, Idaho, and artificially
propagated sockeye salmon from the Redfish Lake captive propagation program.

Population and Abundance

Sockeye salmon are the third most abundant of the seven species of Pacific salmon after pink salmon
and chum salmon (Groot and Margolis 1991). The Snake River ESU has remained at very low levels of
only a few hundred fish, though recent hatchery reared fish have returned to spawn. Data quality for

FISH 3.9-25



NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS OCTOBER 2015

the Ozette Lake ESU makes differentiating between the number of hatchery and natural spawners
difficult; however the size of the population is small, though possibly growing (National Marine Fisheries
Service 2012d).

Life History

Sockeye salmon exhibit a greater variety of life history patterns than other members of the genus
Oncorhynchus (Groot and Margolis 1991). Sockeye salmon spawn in late summer and early fall on beach
shoals along lake shores, typically in areas of upwelling groundwater that provides circulation through
the redd which helps maintain adequate oxygen for the eggs. Spring-fed ponds, stream-connecting
lakes, and side channels of rivers are also used for spawning. Emergence timing is correlated with water
temperatures, with warmer temperatures resulting in shorter time. After emergence from the redd
during night hours, juveniles may begin their downstream migration within a few days or exhibit a
prolonged freshwater residence of one or more years before smoltification. Anadromous sockeye
juveniles spend several months feeding prior to migration. After smoltification and migrating from their
natal watershed, juvenile sockeye emigrate to the ocean where they reside for 1-4 years, usually 2—3
years before returning to spawn.

Habitat and Geographic Range

Sockeye salmon inhabit riverine, marine, and lake environments from the Klamath River and its
tributaries north and west to the Kuskokwim River in western Alaska. They generally require lakes for
part of their life cycle; therefore, their distribution in river systems depends on the presence of usable
lakes in the system, so their habitat can be more intermittent than for other Pacific salmon. While in the
ocean, sockeye salmon remain over the continental shelf, adults are typically epipelagic.

Predator/Prey Interactions

Sockeye smolts (juveniles turning into adults) migrate to sea in spring at a length of approximately 4—6
inches (in.) (15 centimeters [cm]) and are subjected to intense predation by a variety of fish and bird
species. Pikeminnow and trout have been identified as especially significant predators during the
freshwater and outmigration life phases, and gulls and grebes are some of the significant avian
predators of sockeye smolts. In the near shore and open ocean environments, predation by fish, birds,
and marine mammals, and competition for food resources with other fish species affects growth and
survival of sockeye salmon (Washington Department of Fish and Wildlife 2012b). In fresh water, the
sockeye salmon feeds on aquatic insects and plankton; however, in the ocean, they eat amphipods,
copepods, squid, and some fishes.

Migration

Juvenile sockeye are thought to have the most highly developed navigation abilities of all juvenile
salmonids. Juveniles move toward or into nursery lakes and between lakes over summer and fall.
Sockeye salmon spawn in or near lakes, where the juveniles rear for 1-3 years prior to migrating to sea.
After spending between 2 and 4 years in the ocean, sockeye salmon return to their home freshwater
lake to spawn.

Species-Specific Threats

There are many threats to the survival of the Ozette Lake ESU of sockeye salmon. Principal threats
include, but are not limited to, alteration of stream flow patterns and habitat degradation; barriers to
fish passages; channel alterations; water quality problems; non-native fish, invertebrates, and plants;
and climate change. These threats pose a serious challenge to the persistence of Pacific Northwest
sockeye salmon.
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Steelhead (Oncorhynchus mykiss)

Occurrence in the Study Area

Steelhead may occur in all portions of the Study Area. The Puget Sound DPS will occur in the Inland
Waters and Offshore portion of the Study Area. The Upper Columbia River, Middle Columbia River,
Lower Columbia River, Upper Willamette River, Snake River Basin, Northern California, California Central
Valley, Central California Coast, South-Central California Coast, and Southern California DPSs will occur
in the Offshore Area (see Table 3.9-1).

Status and Management

Of the 11 ESA-listed steelhead DPSs, one is listed as endangered and 10 are listed as threatened
(National Marine Fisheries Service 2010). Critical habitat has been designated for 10 of the 11 DPSs, all
of which is in freshwater and estuarine habitats outside of the Study Area. Critical habitat is proposed
for the Puget Sound steelhead DPS in freshwater and estuarine areas outside of the Study Area.
Therefore, there is no critical habitat for steelhead in the Study Area.

Puget Sound DPS

The Puget Sound Steelhead DPS was listed as threatened on 11 May 2007 (72 FR 26722-26735). Critical
habitat is proposed for the Puget Sound DPS. This DPS includes all naturally spawned anadromous
winter-run and summer-run steelhead populations, in streams in the river basins of the Strait of Juan de
Fuca and Puget Sound, Washington, bounded to the west by the Elwha River (inclusive) and to the north
by the Nooksack River and Dakota Creek, and the Green River natural and Hamma Hamma winter-run
steelhead hatchery stocks.

Upper Columbia River DPS

On 24 August 2009, the Upper Columbia River Steelhead DPS was listed as threatened (74 FR 42605—
42606). Critical habitat has been designated for this DPS and is not located in the Study Area. This DPS
includes all naturally spawned anadromous steelhead populations below natural and manmade
impassable barriers in streams in the Columbia River Basin upstream from the Yakima River,
Washington, to the U.S.-Canada border, and six artificial propagation programs. The artificial
propagation programs included are the Wenatchee River, Wells Hatchery in the Methow and Okanogan
Rivers, Winthrop National Fish Hatchery, Omak Creek, and Ringold.

Middle Columbia River DPS

The Middle Columbia River Steelhead DPS was listed as threatened on 5 January 2006 (71 FR 834—-862).
Critical habitat has been designated for this DPS and is not located in the Study Area. This DPS includes
all naturally spawned anadromous steelhead populations below natural and manmade impassable
barriers in streams from above the Wind River, Washington, and the Hood River, Oregon, upstream to,
and including, the Yakima River, Washington, excluding steelhead from the Snake River Basin, and seven
artificial propagation programs. The seven artificial propagation programs included are Touchet River
Endemic, Yakima River Kelt Reconditioning Program in Satus Creek, Toppenish Creek, Naches River, and
Upper Yakima River, as well as Umatilla River, and Deschutes River.

Lower Columbia River DPS

On 5 January 2006, the Lower Columbia River Steelhead DPS was listed as threatened (71 FR 834-862).
Critical habitat has been designated for this DPS, but it is not located in the Study Area. This DPS includes
all naturally spawned anadromous steelhead populations below natural and manmade impassable
barriers in streams and tributaries to the Columbia River between the Cowlitz and Wind Rivers,
Washington, and the Willamette and Hood Rivers, Oregon, and 10 artificial propagation programs. The
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ten artificial propagation programs include Cowlitz Trout Hatchery in the Cispus, Upper Cowlitz, Lower
Cowlitz, and Tilton Rivers; the Kalama River Wild winter and summer run, Clackamas Hatchery, Sandy
Hatchery, and the Hood River Hatchery winter and summer run. Populations excluded from this DPS are
in the upper Willamette River Basin above Willamette Falls, Oregon, and from the Little and Big White
Salmon Rivers, Washington.

Upper Willamette River DPS

The Upper Willamette River DPS was listed as threatened on 5 January 2006 (71 FR 834—-862). Critical
habitat has been designated for this DPS, but it is not located in the Study Area. This DPS includes all
naturally spawned anadromous steelhead populations below natural and manmade impassable barriers
in the Willamette River, Oregon, and its tributaries upstream from Willamette Falls to the Calapooia
River.

Snake River Basin DPS

The Snake River Basin Steelhead DPS was listed as threatened on 5 January 2006 (71 FR 834—862).
Critical habitat has been designated for this DPS, but it is not located in the Study Area. This DPS includes
all naturally spawned anadromous steelhead populations below natural and manmade impassable
barriers in streams in the Snake River Basin of southeast Washington, northeast Oregon, and Idaho, and
six artificial propagation programs. These artificial propagation programs are Tucannon River, Dworshak
National Fish Hatchery, Lolo Creek, North Fork Clearwater, East Fork Salmon River, and Little Sheep
Creek/Imnaha River.

Northern California DPS

The Northern California Steelhead DPS was listed as threatened on 7 June 2000, and reaffirmed on

5 January 2006 (71 FR 834—862). Critical habitat has been designated for this DPS, but it is not located in
the Study Area. This DPS includes all naturally spawned populations of steelhead in California coastal
river basins from Redwood Creek in Humboldt County southward to the Russian River in Sonoma
County. Two artificial propagation programs are also considered part of the DPS, and they are the Yager
Creek Hatchery and the North Fork Gualala River Hatchery.

California Central Valley DPS

The California Central Valley Steelhead DPS was listed as threatened on 5 January 2006 (71 FR 834-862).
Critical habitat has been designated for this DPS, but it is not located in the Study Area. This DPS
includes all naturally spawned populations of steelhead (and their progeny) in the Sacramento and San
Joaquin Rivers and their tributaries, excluding steelhead from San Francisco Bay and San Pablo Bays and
their tributaries.

Central California Coast DPS

The Central California Coast Steelhead DPS was listed as threatened on 5 January 2006 (71 FR 834—862).
Critical habitat has been designated for this DPS, but it is not located in the Study Area. This DPS
includes all naturally spawned populations of steelhead (and their progeny) in streams from the Russian
River to Aptos Creek, Santa Cruz County, California (inclusive). It also includes the drainages of San
Francisco and San Pablo Bays.

South-Central California Coast DPS

The South-Central California Coast Steelhead DPS was listed as threatened on 5 January 2006

(71 FR 834—-862). Critical habitat has been designated for this DPS, but it is not located in the Study Area.
This DPS includes all naturally spawned populations of steelhead (and their progeny) in streams from
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the Pajaro River (inclusive), located in Santa Cruz County, California, to, but not including, the Santa
Maria River, California.

Southern California DPS

The Southern California Steelhead DPS was listed as threatened on 5 January 2006 (71 FR 834-862).
Critical habitat has been designated for this DPS, but it is not located in the Study Area. This DPS
includes all naturally spawned anadromous steelhead populations below natural and man-made
impassable barriers in streams from the Santa Maria River, San Luis Obispo County, California (inclusive)
to the U.S.-Mexico Border.

Population and Abundance

Most of the DPSs have a low abundance relative to historical levels, and there is widespread occurrence
of hatchery fish in naturally spawning populations (Good et al. 2005; National Marine Fisheries Service
2010). NMFS has reported population sizes from individual DPSs, but because all of these units occur
together while at sea, it is difficult to estimate the marine population numbers. Specific population
numbers, based on freshwater returns, within each of the DPSs is found in Good et al. (2005) and Pacific
Fishery Management Council (2014).

Life History

Steelhead may exhibit either an anadromous lifestyle or they may spend their entire life in fresh water
(McEwan and Jackson 1996). The name steelhead is used primarily for the anadromous form of this
species. Steelhead exhibit one of the most complex suites of life-history traits of any species of Pacific
salmonid. Unlike other salmonids, steelhead can spawn more than once (i.e., are iteroparous), whereas
all other salmonids discussed here spawn once and then die (i.e., are semelparous). The anadromous
steelhead may spend several years in fresh water before smoltification and up to 3 years in salt water
before returning to spawn.

There is considerable variation in this life history pattern within the population. Steelhead can be
divided into two basic reproductive types, based on the state of sexual maturity at the time of river
entry and duration of spawning migration. The first is the stream-maturing (summer-run steelhead in
the Pacific Northwest and northern California), which enters fresh water in a sexually immature
condition between May and October, and requires several months to mature and spawn. The second is
the ocean-maturing type (winter-run steelhead in the Pacific Northwest and northern California) which
enters fresh water between November and April and, sexually mature, spawns shortly thereafter.
Coastal streams are dominated by winter-run steelhead, whereas inland steelhead of the Columbia River
Basin are almost exclusively summer-run steelhead (National Marine Fisheries Service 2012a).

Habitat and Geographic Range

The present distribution of steelhead extends from the Kamchatka Peninsula in Asia, east to Alaska, and
south to Southern California, although the species’ historical range extended at least to Mexico (Good
et al. 2005).

Since spawning occurs exclusively in freshwater systems outside of the Study Area, spawning habitats
are not described here. However, information on freshwater habitats and spawning areas can be found
in Beauchamp et al. (1983), Emmett et al. (1991), and Pacific Fishery Management Council (2000).

Steelhead tend to move immediately offshore on entering the marine environment although, in general,
steelhead tend to remain closer to shore than other Pacific salmon species (Beamish et al. 2005). They
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generally remain within the coastal waters of the California Current, with the largest catches seen at
distances beyond 25 nm (46 km) offshore (Beamish et al. 2005; Quinn and Myers 2004).

Predator/Prey Interactions

Predators of steelhead include fish-eating birds, such as terns and cormorants, and pinnipeds, such as
sea lions and harbor seals, especially within coastal areas (National Marine Fisheries Service 2010).
Juveniles in fresh water feed mostly on zooplankton (small animals that drift in the water), while adults
feed on aquatic and terrestrial insects, mollusks, crustaceans, fish eggs, minnows, and other small fishes,
including other juvenile salmon depending on whether they are inhabiting streams or the ocean
(National Marine Fisheries Service 2010).

Migration

Steelhead spawning migrations occur throughout the year, with seasonal peaks of activity in summer
and fall. In a given river basin, there may be one or more peaks in migration activity. Large rivers, such as
the Columbia River, might have migrating adult steelhead at all times of the year. In the Study Area, the
primary rivers that steelhead migrate into are the Columbia, Willamette, Klamath, and Rogue Rivers
although some of these rivers contain considerable migration barriers such as dams.

Species-Specific Threats

There are many threats to the survival of the steelhead DPSs in the Study Area. Principal threats include,
but are not limited to, alteration of stream flow patterns and habitat degradation; barriers to fish
passages; channel alterations; water quality problems; non-native species; and climate change. These
threats pose a serious challenge to the persistence of Pacific Northwest steelhead.

Bull Trout (Salvelinus confluentus)

Occurrence in the Study Area

The Coastal Puget Sound Bull Trout DPS will occur in the Offshore Area and the Inland Waters portions
of the Study Area (Table 3.9-1).

Status and Management

On 1 November 1999, the Coastal-Puget Sound Bull Trout DPS was listed as threatened across five states
in the coterminous United States (64 FR 58910). Bull trout are listed as a single DPS, but are managed via
six biologically-based Recovery Units, of which only the Coastal Recovery Unit is adjacent to the Study
Area (U.S. Fish and Wildlife Service 2010). The Coastal-Puget Sound Bull Trout DPS encompasses all
Pacific Coast drainages within the United States north of the Columbia River in Washington, including
those flowing into Puget Sound. This population is thought to contain the only anadromous form of bull
trout in the United States.

Critical habitat for bull trout was originally designated on 26 September 2005 (70 FR 56212) and later
revised on 18 October 2010 (75 FR 63898) (Error! Reference source not found.). There is minimal
overlap of bull trout critical habitat with the Study Area. The areas of overlap occur in both the Offshore
Area and in the Inland Waters and are described below:

e Offshore: Within the Quinault Range Site there is approximately one mile of near shore area at
Pacific Beach.

e Inland Waters: Within the Dabob Bay Range Complex Site in Hood Canal there is overlap of the
Study Area with critical habitat designated at the deltas of the Duckabush River and the Hamma
Hamma River.
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The quantity and quality of critical habitat are evaluated by reference to PCEs, defined as those sites and
habitat components that support one or more life stages and are deemed essential for the conservation
of the species. The U.S. Fish and Wildlife Service (USFWS originally designated nine PCEs; however, as
part of the 2010 revised critical habitat designation, the USFWS updated the PCE definitions and only
five are applicable to marine near shore waters. They are described below:

e Migration habitats with minimal physical, biological, or water quality impediments between
spawning, rearing, overwintering, and freshwater and marine foraging habitats, including but
not limited to permanent, partial, intermittent, or seasonal barriers. This PCE is present in the
Study Area.

e Anabundant food base, including terrestrial organisms of riparian origin, aquatic
macroinvertebrates, and forage fish. This PCE is present in the Study Area.

e Complex river, stream, lake, reservoir, and marine shoreline aquatic environments, and
processes that establish and maintain these aquatic environments, with features such as large
wood, side channels, pools, undercut banks and substrates, to provide a variety of depths,
gradients, velocities, and structure. This PCE is present in the Study Area.

e Water temperatures ranging from 2 to 15 degrees Celsius (36 to 59 degrees Fahrenheit), with
adequate thermal refugia available for temperatures that exceed the upper end of this range.
Specific temperatures within this range will vary depending on bull trout life-history stage and
form; geography; elevation; diurnal and seasonal variation; shade, such as that provided by
riparian habitat; streamflow; and local groundwater influence. This PCE is present in the Study
Area.

e Sufficient water quality and quantity such that normal reproduction, growth, and survival are
not inhibited. This PCE is present in the Study Area.

Population and Abundance

Bull trout populations are severely reduced throughout the Study Area and no longer occur in northern
California. Bull trout have declined in overall range and numbers of fish. Though still widespread, there
have been numerous local extirpations reported throughout the Columbia River basin. Bull trout
generally occur as isolated sub-populations in headwater lakes or tributaries where migratory fish have
been lost.

Life History

Bull trout are a native fish in western North America, inhabiting pristine cold-water streams. Unlike
other salmonids, bull trout require colder water temperatures. They exhibit resident and migratory life
history strategies throughout much of their current range. Resident bull trout complete their entire life
cycle in the tributary (or nearby) streams in which they spawn and mature. Migratory bull trout spawn in
tributary streams where juveniles stay from 1 to 4 years before migrating to either a lake (adfluvial),
river (fluvial), or in certain coastal areas to salt water (anadromous), where maturity is reached in one of
the three habitats (63 FR 31647). In the ocean, bull trout will remain within 3 nm (5 km) of the shore.

There are four distinct types of bull trout: anadromous, adfluvial (migrating between lakes, rivers, or
streams), fluvial (inhibiting a stream or river), and resident. Only the anadromous type migrates from
fresh water habitats to ocean habitats.

Habitat and Geographic Range

The historic distribution of bull trout was throughout the Columbia River Basin, east to Montana south
to northern California, and north to southeastern Alaska (U.S. Fish and Wildlife Service 1998). Currently,
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they are mainly found in upper tributary streams in Montana, Idaho, Oregon, and Washington (U.S. Fish
and Wildlife Service 1998). The Coastal Puget Sound Bull Trout DPS will occur in the Offshore Area out to
3 nautical miles offshore and in certain areas of the Inland Waters portions of the Study Area

Predator/Prey Interactions

Bull trout are opportunistic feeders, with food habits primarily a function of size and life history strategy.
Resident and juvenile migratory bull trout prey on terrestrial and aquatic insects, macro-zooplankton,
and small fish (Goetz 1989; Donald and Alger 1993). Adult migratory bull trout feed primarily on a wide
variety of resident and anadromous fish species (Fraley and Shepard 1989; Brown 1992; Donald and
Alger 1993; Guy et al. 2011). In coastal areas of western Washington, bull trout feed on forage fish
species such as Pacific herring, Pacific sand lance (Ammodytes hexapterus), and surf smelt (Hypomesus
pretiosus) in near shore marine areas and the ocean (Washington Department of Fish and Wildlife et al.
1997, Goetz et al. 2004).

Migration

Coastal-Puget Sound population of bull trout in the Study Area spawn in rivers and streams. Some sub-
adult bull trout migrate to the ocean or Puget Sound to rear for part of the year (U.S. Fish and Wildlife
Service 2013). Some bull trout in marine habitats in Puget Sound may be sub adults that will forage in
these areas. Dams and diversion structures impede or limit migration and impair downstream habitat.
Both resident bull trout, and migratory forms, may be found together, and either form may produce
offspring that exhibit either resident or migratory behavior. Resident bull trout complete their entire life
cycle in the tributary or nearby streams in which they spawn and rear. Migratory bull trout, however,
spawn in tributary streams and remain there as juveniles for 1-4 years before migrating to either a lake,
river, or saltwater to live as subadults or to live as adults (U.S. Fish and Wildlife Service 2004).

Species-Specific Threats

Threats to bull trout include habitat loss and fragmentation due to historically human-caused land and
water management activities; overutilization for commercial, scientific, or educational purposes; disease
or predation by native or nonnative/invasive species; inadequacy of existing regulatory mechanisms; fish
passage issues; competition and hybridization; and climate change impacts such as warming climates,
changing precipitation, and hydrologic regimes (U.S. Fish and Wildlife Service 2014).

Dolly Varden (Salvelinus malma)

Dolly Varden are a species similar in appearance to bull trout, but are usually found in the upper
watershed above fish barriers. Bull trout within Puget Sound are a migratory species and can be found
with Dolly Varden in marine waters. The Dolly Varden is known to occur in the coastal waters off of
Washington and the inland waters portion of the Study Area and is proposed as “threatened due to
similarity of appearance” to the listed bull trout (66 FR 1628). The purpose of the listing is to regulate
the intentional taking of Dolly Varden and to prevent the taking of bull trout species. The Dolly Varden is
not biologically threatened in Washington and is not addressed further in this EIS.

3.9.2.3.2 Rockfish Species

Bocaccio (Sebastes paucispinis)

Occurrence in the Study Area

The Puget Sound/Georgia Basin DPS, listed as endangered, may occur in the Inland Waters of the Study
Area (Table 3.9-1).
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Status and Management

On 13 April 2011 the Puget Sound/Strait of Georgia DPS was listed as endangered under the ESA (74 FR
18516). On 11 February 2015 critical habitat was designated for the Puget Sound/Strait of Georgia DPS
(79 FR 68042). This critical habitat is located in the Inland Waters portion of the Study Area. The quantity
and quality of critical habitat are evaluated by reference to PCEs. Physical or biological features essential
to the conservation of rockfish include:

e Quantity, quality, and availability of prey species to support individual growth, survival,
reproduction, and feeding opportunities

e  Water quality and sufficient levels of dissolved oxygen to support growth, survival,
reproduction, and feeding opportunities

e Structure and rugosity that supports feeding opportunities and predator avoidance (adult
canary rockfish and bocaccio, and adult and juvenile yelloweye rockfish only)

Population and Abundance

No decent population estimate exists for the Puget Sound/Georgia Basin DPS of bocaccio rockfish.
Historic data has indicated that populations of bocaccio have always been low within the Puget Sound. It
has been estimated that there were about 100 individual bocaccio in Puget Sound proper in the 1980s
(Palsson et al. 2009). Although the population is not thought to be extirpated at this time, the last
confirmed observations of bocaccio within Puget Sound/Georgia Basin was 2001 (National Marine
Fisheries Service 2009).

Life History

Bocaccio and other rockfishes are unique among bony fishes in that the fertilization and embryo
development is internal and they give birth to live larval young. Larval young are found in surface waters
and may be distributed over a wide area. Larvae and small juvenile rockfish offshore may remain in open
waters for several months, being passively dispersed by ocean currents. The retentive circulation
patterns of currents within the Puget Sound make it likely that a significant fraction of larvae released by
bocaccio there (especially in more inland portions of the Sound) are retained within the Sound (75 FR
22276). Approximately 50 percent of adult bocaccio mature in 4-6 years and may live as long as 50 years
(National Marine Fisheries Service 2012g). They school with widow, yellowtail, vermillion, and speckled
rockfishes (Love and York 2006) and occur in large aggregations under drifting kelp beds and over firm
sand-mud bottoms.

Habitat and Geographic Range

The circulation patterns of currents within the Puget Sound limit the dispersal range of bocaccio.
Although larval bocaccio do remain in the pelagic environment longer than some other rockfish species
(approximately 155 days), it is likely that a significant fraction of larvae released by bocaccio are retained
within the Sound, especially throughout the more inland portions of the Puget Sound (74 FR 18516).
Although juvenile bocaccio have never been documented within the Puget Sound, habitats that feature
rock and microalgae (kelp species) are most readily used by juvenile bocaccio along the coast (Garrison
and Miller 1982; Love et al. 1991). As adults, densities of bocaccio are highest near rocky habitats (hard
substrata), but they have also been documented along areas of high relief and non-rocky substrates
such as sand, mud, and other unconsolidated substrates (Miller and Borton 1980). Rocky habitats are
limited in the Puget Sound, with only 10 square km (km?) (3.8 square miles [mi.?]) of such habitat in
Puget Sound Proper, and 207 km? (80 mi.2) in North Puget Sound (Palsson et al. 2009). Adult bocaccio
are most frequently found between 160 and 820 ft. (50 and 250 m) depth, but may be found as deep as
1,560 ft. (475 m) (Orr et al. 2000, Love et al. 2002). Bocaccio display greater pelagic behavior (willingness
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to occupy areas higher in the water column) and have more movement potential than other rockfish
species (National Marine Fisheries Service 2009). In the Puget Sound, the highest concentrations of
bocaccio are found south of Tacoma Narrows (National Marine Fisheries Service 2014a)

Predator/Prey Interactions

Larval rockfish feed on larval krill, diatoms, dinoflagellates, tintinnids, and cladocerans. Pelagic juveniles
are opportunistic feeders, consuming fish larvae, copepods, krill and euphausiids of all life stages. Adults
are primarily piscivores, eating other rockfishes, hake, sablefish, anchovies, lanternfishes, and squid
(National Marine Fisheries Service 2009).

Predators of juvenile bocaccio include salmon; fish-eating birds, such as terns and cormorants; and
harbor seals (Love et al. 2002). The main predators of adult bocaccio are pinnipeds, such as sea lions and
harbor seals (The Committee on the Status of Endangered Wildlife in Canada 2002).

Migration

Although bocaccio are generally sedentary, juvenile bocaccio move to deeper water as they age. Tagging
studies have recaptured juveniles between 1 and 148 km from their tagging location after 2 years
(Hartmann 1987). In that same study, adults were recaptured at their tagging location as much as

827 days later. Acoustic tagging work has shown more complex behavior with most bocaccio staying
around 200 to 400 hectares (ha) the majority of the time, but some fish have been known to utilize
areas greater than 1,200 ha. Some individuals remain at fairly constant depths while others change
depth by as much as 100 m, generally moving to more shallow depths during the day (Drake et al. 2010;
Starr et al. 2002). Drake et al. (2010) has summarized information on migration and movements for the
bocaccio rockfish.

Species-Specific Threats

Principal threats include, but are not limited to, alteration of stream flow patterns and habitat
degradation and climate change. These threats pose a serious challenge to the persistence of Pacific
Northwest bocaccio.

Canary Rockfish (Sebastes pinniger)

Occurrence in the Study Area

The Puget Sound/Georgia Basin DPS, listed as threatened, may occur in the Inland Waters of the Study
Area (Table 3.9-1).

Status and Management

On 23 April 2009, NMFS proposed that the canary rockfish be listed as threatened under the ESA, and
the DPS in the Puget Sound/Georgia Basin was listed on 28 April 2010 (74 FR 22276). On 11 February
2015 critical habitat was designated for the Puget Sound/Strait of Georgia DPS (79 FR 68042). This
critical habitat is located in the Inland Waters portion of the Study Area. In 2003, the retention of canary
rockfish in Washington was banned because this species is slow growing, late to mature, and long-lived.
Managers reduced trip/bag limits, implemented spatial closures, and created new gear restrictions
intended to reduce trawling in rocky shelf habitats and coincident catch of rockfish in shelf flatfish
trawls. These restrictions have greatly decreased the commercial and recreational fishing opportunities
of canary rockfish; therefore, recent removals have been primarily due to bycatch. Current management
practices remain the same for the threatened DPS of canary rockfish in the Puget Sound/Georgia Strait
area. Populations are expected to increase slowly over the next few years (Wallace and Cope 2011).
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Population and Abundance

The canary rockfish population has declined since the early 1970s. The population size of age three and
older canary rockfish in California was estimated to be approximately 4,700 tons in 1973; however, that
decreased nearly 60 percent to 1,900 tons in 1998. The mean length of the canary rockfish has also
declined 13 percent since 1980, which indicates the removal of larger, older fish from the population. In
1999, the entire canary rockfish resource off the entire U.S. west coast was declared overfished. Most
recent analysis of population trends indicate that the population has gradually increased since 2002
although the future of this trend is uncertain (Wallace and Cope 2011).

Life History

Canary rockfish and other rockfishes are unique among bony fishes in that the fertilization and embryo
development of their young is internal and they give birth to live larval young. Fecundity in female
canary rockfish ranges from 260,000 to 1.9 million eggs, which is considerably more than many other
rockfish species. The larval young are found in surface waters and may be distributed over a wide area.
Larvae and small juvenile rockfish offshore may remain in open waters for several months, being
passively dispersed by ocean currents. The retentive circulation patterns of currents within the Puget
Sound make it likely that a significant fraction of larvae released by canary rockfish there (especially in
more inland portions of the Sound) are retained within the Sound (75 FR 22276). Fifty percent of adult
canary rockfish are mature at 14 in. (36 cm) total length, when they are about 5 to 6 years of age. They
can live to be 75—84 years old (Love et al. 2002; National Marine Fisheries Service 2012f).

Habitat and Geographic Range

Canary rockfish primarily inhabit waters 160 to 820 ft. (49 to 250 m) deep but may be found as deep as
1,400 ft. (427 m). Juveniles and sub adults tend to be more common than adults in shallow water and
are associated with rocky reefs, kelp canopies, and artificial structures. As they increase in size and age,
adults generally move into deeper water but usually have strong site fidelity to rocky bottoms and
outcrops. Canary rockfish hover in loose groups just above the bottom of their rocky habitat and do not
migrate. The species ranges between Punta Colnett, Baja California, and the western Gulf of Alaska
(Love et al. 2002).

Predator/Prey Interactions

Predation on canary rockfish is most severe during the pelagic larval and juvenile stages. Chinook
salmon are a main predator of larval canary rockfish. Other predators of juveniles are other fishes,
mammals, and seabirds. After the juveniles descend to their rocky bottom habitat as adults, they are
much less vulnerable to predators.

Larval rockfish feed on diatoms, dinoflagellates, tintinnids, and cladocerans, while juveniles consume
copepods and euphausiids of all life stages. Adults eat demersal invertebrates and small fishes, including
other species of juvenile rockfish associated with kelp beds, rocky reefs, pinnacles, and sharp drop-offs
(National Marine Fisheries Service 2012f).

Migration

Although larval rockfish are dispersed passively throughout Puget Sound and offshore habitat, as adults,
canary rockfish do not migrate (National Marine Fisheries Service 2012f); however some individuals
move great distances as one tagged fish moved 435 mi. over 4 years (Love et al. 2002).
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Species-Specific Threats

Canary rockfish are fished directly and are often caught as bycatch in other fisheries, such as the salmon
fishery. Other threats include, but are not limited to, habitat degradation and climate change. These
threats pose a serious challenge to the persistence of canary rockfish.

Yelloweye Rockfish (Sebastes ruberrimus)

Occurrence in the Study Area

The Puget Sound/Georgia Basin DPS, listed as threatened, may occur in the Inland Waters of the Study
Area (Table 3.9-1).

Status and Management

On 28 April 2010, Puget Sound/Georgia Basin DPS was listed as threatened under the ESA (75 FR 22276).
On 11 February 2015 critical habitat was designated for the Puget Sound/Strait of Georgia DPS (79 FR
68042). This critical habitat is located in the Inland Waters portion of the Study Area. Because the
species is slow growing, late to mature, and long-lived, recovery from threats will take many years, even
if the threats are no longer affecting the species.

For management purposes in Alaska, the yelloweye are classified as a non-pelagic rockfish species.
Under sport fishing regulations rockfish species are divided into two categories: pelagic and non-pelagic.
Each group has specific bag limits and restrictions to account for the different characteristics of each
species groups. Recreational fisheries involving yelloweye are managed by the State of Alaska both in
state waters, and within the exclusive economic zone. Commercial fisheries are managed by the State of
Alaska within state waters and by the North Pacific Fishery Management Council within the exclusive
economic zone. In southeast Alaska, the State of Alaska manages the commercial yelloweye fishery as
part of the federal demersal shelf rockfish assemblage with oversight from the north Pacific Fishery
Management Council (Alaska Department of Fish and Game 2012). Managers have constrained catches
by eliminating all retention of yelloweye rockfish in both commercial and recreational fisheries
instituting broad spatial closures, and creating new gear restrictions intended to reduce trawling in rocky
shelf habitats and the coincident catch of rockfish in shelf flatfish trawls (Taylor and Wetzel 2011).

Population and Abundance

From the mid-1970s to mid-1990s recreational catch and effort data suggests possible declines in
yelloweye abundance. The number of angler trips increased substantially while there was a decline in
the average number of rockfish caught per trip. This data suggests declines in the population over time
when correlated together. Currently there is no survey data being collected for this species; however,
few of these fish are caught by fishermen, which suggests low population abundance (National Marine
Fisheries Service 2012h). California and Oregon have very similar estimates of spawning output at
unexploited equilibrium, while Washington’s spawning output is considerably lower. Relative depletion
also varies by state, with California estimated to be at 17.3 percent of unexploited conditions, Oregon
23.9 percent, and Washington 27.2 percent (Taylor and Wetzel 2011).

Life History

Yelloweye are among the largest rockfish species (Love et al. 2002). Yelloweye rockfish and other
rockfishes are uniqgue among bony fishes in that the fertilization and embryo development of their
young is internal and they give birth to live larval young. Fecundity in female yelloweye rockfish ranges
from 1.2 to 2.7 million young. Yelloweye larval release occurs between February and September. The
larval young are found in surface waters and may be distributed over a wide area extending several
hundred miles (several hundred kilometers) offshore. Their survival is affected by ocean conditions such
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as temperature, currents, and the availability of food. Larvae and small juvenile rockfish may remain in
open waters for several months, being passively dispersed by ocean currents. Yelloweye rockfish
juveniles, unlike bocaccio and canary rockfish, do not typically occupy shallow, intertidal areas, but
settle in deeper, 300-590 ft. (91 to 180 m), waters (National Marine Fisheries Service 2012h).
Approximately 50 percent of adult yelloweye rockfish are mature by 16 in. (41 cm) total length, which is
about 6 years of age. Yelloweye rockfish are among the longest lived rockfishes and can live up to 118
years (National Marine Fisheries Service 2012h).

Habitat and Geographic Range

Yelloweye range from northern Baja California to the Aleutian Islands, Alaska, but are most common
from Central California northward to the Gulf of Alaska. Juveniles and sub adults tend to be more
common than adult fish in shallower water and are associated with rocky reefs, kelp canopies, and
artificial structures. As yelloweye mature, they move to deeper water and increase in size, but usually
exhibit strong site fidelity to rocky bottoms and outcrops. Yelloweye rockfish occur in waters 80-1,560
ft. (24—475 m), but are most commonly found between 300 and 590 ft. (91 and 180 m) (National Marine
Fisheries Service 2012h). Adult yelloweye, like many species of non-pelagic rockfish, have small home
ranges, and some of them may live their entire adult life on a single rock pile (Alaska Department of Fish
and Game 2012).

Predator/Prey Interactions

Common predators of adult yelloweye include killer whales, seals, sharks, and dolphins. Juvenile
yelloweye may be taken by birds, porpoises, and fishes such as other rockfish and lingcod. Larval
rockfish feed on diatoms, dinoflagellates, tintinnids, and cladocerans, while juveniles consume copepods
and euphausiids of all life stages. Adults eat demersal invertebrates and small fishes, including other
species of juvenile rockfish associated with kelp beds, rocky reefs, pinnacles, and sharp drop-offs
(National Marine Fisheries Service 2012h).

Migration

No real migration is known for adult yelloweye rockfish. Adult yelloweye, like many species of
non-pelagic rockfish, have small home ranges, and some of them may live their entire adult life on a
single rock pile (Alaska Department of Fish and Game 2012).

Species-Specific Threats

Non-pelagic rockfish, including the yelloweye, are extremely vulnerable to overfishing. Another
contributing factor to the vulnerability of yelloweye, as well as with other rockfishes, is the lack of a vent
on their swim bladder. Without venting, yelloweye brought up from depth can suffer injury as air in the
swim bladder expands, which often leads to bulging eyes or the stomach protruding from the mouth, in
addition to other unseen internal injuries. With an inflated swim bladder the yelloweye cannot
submerge easily and if released are subject to predation while floating on the surface. Because of the
low survival rates of released yelloweye, catch and release fishing is strongly discouraged (Alaska
Department of Fish and Game 2012). More threats include, but are not limited to, bycatch, habitat
degradation, and climate change. These threats pose a serious challenge to the persistence of Pacific
Northwest and Alaskan yelloweye rockfish.
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3.9.2.3.3 Other Species

Pacific Eulachon ( Thaleichthys pacificus)

Occurrence in the Study Area

The ESA-listed southern DPS of Pacific eulachon may be present in both the inland and offshore waters
of the Study Area (see Table 3.9-1).

Status and Management

Of the two Pacific eulachon DPSs, one is listed as threatened (National Marine Fisheries Service 2012i).
The southern DPS was listed as threatened on 18 March 2010 (75 FR 13012), and critical habitat for the
southern DPS was designated on 20 October 2011 (76 FR 65324) (National Marine Fisheries Service
2012i). The southern DPS of Pacific eulachon has 16 specific designated areas as critical habitat within
the states of California, Oregon, and Washington. The designated areas are a combination of freshwater
creeks and rivers and their associated estuaries, comprising approximately 335 mi. (539 km) of habitat
(National Oceanic and Atmospheric Administration 2011b).

Different systems occupied by eulachon at specific stages of their life cycle serve distinct purposes and
thus may contain different PCEs. Based on the best available scientific information, three PCEs covering
freshwater, estuarine, nearshore, and offshore marine waters have been developed. Only one is present
in the Study Area:

o Nearshore and offshore marine foraging habitat with water quality and available prey,
supporting juveniles and adult survival. Eulachon prey on a wide variety of species, with larvae
and juveniles consuming phytoplankton, copepods, mysids, ostracods, worm larvae, and
eulachon larvae; and adults consuming euphausiids, copepods, and other planktonic organisms
(Hay and McCarter, 2000; Washington Department of Fish and Wildlife and Oregon Department
of Fish and Wildlife, 2001). These features are essential to conservation because they allow
juvenile fish to survive, grow, and reach maturity, and they allow adult fish to survive and return
to freshwater systems to spawn.

Population and Abundance

Both of the DPSs have a low abundance relative to historical levels (National Marine Fisheries Service
2012i). Since all of the DPSs occur together while at sea, it is difficult to estimate the marine population
numbers; however, specific population numbers are based on freshwater returns. NMFS reports that
the median commercial catch in the Columbia River decreased nearly 98 percent between 1938 to 1992
and 1993 to 2006 (National Marine Fisheries Service 2012i).

Life History

Similar to Pacific salmonids, Pacific eulachon are anadromous. Pacific eulachon hatch in freshwater
streams. Adults spawn on sand or small gravel in coastal rivers. The larvae are carried downstream to
the ocean where they dispersed by ocean currents. After approximately 3 years they return to their
home freshwater stream to spawn from the late winter through mid-spring. Most Pacific eulachon
adults die after spawning. The major spawning runs for Pacific eulachon occur in the Columbia River.

Habitat and Geographic Range

The present distribution of Pacific eulachon extends from the southeastern Bering Sea to northern
California (National Marine Fisheries Service 2012i). Since spawning occurs exclusively in freshwater
systems outside of the Study Area, spawning habitats are not described here. However, most of the
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Pacific eulachon in the continental United States are from the Columbia River Basin; other areas in the
United States where Pacific eulachon have been documented include Sacramento River, Russian River,
Humboldt Bay and nearby smaller coastal rivers, and the Klamath River in California; the Rogue River
and Umpgqua Rivers in Oregon; and infrequently in coastal rivers and tributaries to Puget Sound,
Washington (National Marine Fisheries Service 2012i). Designated critical habitat for the Pacific
eulachon is mainly in the Columbia River and in a small portion of the Strait of Juan de Fuca in Puget
Sound.

Predator/Prey Interactions

Predators of adult Pacific eulachon include fish-eating birds, sturgeon, Pacific halibut, pinnipeds, such as
sea lions and harbor seals, and finback and killer whales especially within coastal areas (Hart 1973;
Pacific States Marine Fisheries Commission 1996). Larvae are preyed upon by salmon and lingcod. Pacific
eulachons feed primarily on plankton during all life stages (Pacific States Marine Fisheries Commission
1996).

Migration
Adult Pacific eulachon migrate from their ocean habitats to reach their freshwater spawning grounds. In

the Study Area, the primary rivers that Pacific eulachon migrate into are in the Columbia River Basin.

Species-Specific Threats

Habitat loss and degradation, especially in the Columbia River basin due to hydroelectric dams that
block access to historical eulachon spawning grounds, is a threat to pacific eulachon populations. Other
threats include global climate change, especially in the southern portion of its range where ocean
warming trends tend to be more pronounced; and the high levels of chemical pollutants that eulachon
have been shown to carry, which may impact mortality rates or reproductive success (National Marine
Fisheries Service 2012i).

Green Sturgeon (Acipenser medirostris)

Occurrence in the Study Area

The Southern DPS of North American green sturgeon is present in the coastal waters of the Offshore
Area and in the Inland Waters portion of the Study Area (Huff et al. 2012).

Status and Management

The North American green sturgeon Southern DPS was listed by NMFS as a threatened species under the
ESA on 7 April 2006 (71 FR 17757). Critical habitat was designated on 9 October 2009 (74 FR 52300).
Critical habitat for the Southern DPS is designated in the offshore and inland water portions of the Study
Area (Figure 3.9-3).

Critical habitat has been designated in coastal U.S. marine waters within 60 fathoms (110 m) depth from
Monterey Bay, CA (including the Bay), north to Cape Flattery, WA, including the Strait of Juan de Fuca, to
the U.S. Canadian boundary; and the Sacramento-San Joaquin Delta and Suisun, San Pablo, and San
Francisco bays in California; the lower Columbia River estuary; and certain coastal bays and estuaries in
California (Humboldt Bay), Oregon (Coos Bay, Winchester Bay, Yaquina Bay, and Nehalem Bay), and
Washington (Willapa Bay and Grays Harbor) (50 C.F.R. Part 226). Several of these areas overlap with the
Study Area.
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Figure 3.9-3: Critical Habitat for the Green Sturgeon in the Northwest Training and Testing Study Area
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The quantity and quality of critical habitat are evaluated by reference to PCEs, defined as those sites and
habitat components that support one or more life stages and are deemed essential for the conservation
of the species. Different systems occupied by green sturgeon at specific stages of their life cycle serve
distinct purposes and thus may contain different PCEs. Based on the best available scientific
information, PCEs for freshwater riverine systems, estuarine areas, and nearshore marine waters have
been developed, but only those for estuarine or marine waters may be present in the Study Area.

The specific PCEs essential for the conservation of the Southern DPS in estuarine areas include:

e Food resources. Abundant prey items within estuarine habitats and substrates for juvenile,
subadult, and adult life stages. Prey species for juvenile, subadult, and adult green sturgeon
within bays and estuaries primarily consist of benthic invertebrates and fishes, including
crangonid shrimp, burrowing thalassinidean shrimp (particularly the burrowing ghost shrimp),
amphipods, isopods, clams, annelid worms, crabs, sand lances, and anchovies.

e Water flow. Within bays and estuaries, sufficient flow into the bay and estuary to allow adults
to successfully orient to the incoming flow and migrate upstream to spawning grounds.

e Water quality. Water quality, including temperature, salinity, oxygen content, and other
chemical characteristics, necessary for normal behavior, growth, and viability of all life stages.
Suitable water quality also includes water with acceptably low levels of contaminants (e.g.,
pesticides, organochlorines, elevated levels of heavy metals; acceptable low levels as
determined by NMFS on a case-by-case basis) that may disrupt the normal development of
juvenile life stages, or the growth, survival, or reproduction of subadult or adult stages.

e Migratory corridor. A migratory pathway necessary for the safe and timely passage of Southern
DPS fish within estuarine habitats and between estuarine and riverine or marine habitats.

e Water depth. A diversity of depths necessary for shelter, foraging, and migration of juvenile,
subadult, and adult life stages. Subadult and adult green sturgeon occupy a diversity of depths
within bays and estuaries for feeding and migration.

e Sediment quality. Sediment quality (e.g., chemical characteristics) necessary for normal
behavior, growth, and viability of all life stages. This includes sediments free of elevated levels of
contaminants (e.g., selenium, PAHs, and organochlorine pesticides) that can cause adverse
effects on all life stages of green sturgeon.

The specific PCEs essential for the conservation of the Southern DPS in coastal marine areas include:

e Migratory corridor. A migratory pathway necessary for the safe and timely passage of Southern
DPS fish within marine and between estuarine and marine habitats.

e Water quality. Coastal marine waters with adequate dissolved oxygen levels and acceptably low
levels of contaminants (e.g., pesticides, organochlorines, heavy metals that may disrupt the
normal behavior, growth, and viability of subadult and adult green sturgeon). Waters with
acceptably low levels of such contaminants (as determined by NMFS on a case-by-case basis)
are required for the normal development of green sturgeon for optimal survival and spawning
success.

o Food resources. Abundant prey items for subadults and adults, which may include benthic
invertebrates and fishes. Abundant food resources are important to support subadults and
adults over long-distance migrations, and may be one of the factors attracting green sturgeon to
habitats far to the north and to the south of their natal habitat.

FISH 3.9-41



NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS OCTOBER 2015

Population and Abundance

Green sturgeon from the Klamath and Rogue rivers are similar to each other but distinct from fish from
San Pablo Bay, based on preliminary studies. Green sturgeon commonly occur in the lower Columbia
River (Oregon—Washington) and genetic samples taken there appear to be a mixture of the other
populations (St. Pierre 2006). A recent study estimates that the primary concentration of green sturgeon
is located in the coastal waters of Washington, Oregon, and Vancouver Island, and near the San
Francisco and Monterey Bays (Huff et al. 2012). NMFS has determined that, based on genetic evidence
of discreteness, there are two DPSs for green sturgeon. The northern population ranges from the Eel
River, California, to at least the Rogue River, Oregon. The southern population is principally comprised of
the Sacramento River spawning stock.

Green sturgeon have been observed northwest of Graves Harbor, AK, and south of Monterey Bay, CA,
but have not been identified as belonging to either the Northern or Southern distinct population
segment. The geographical area occupied by the southern population encompasses all of the area from
the Bering Sea, AK, to Ensenada, Mexico. The areas outside of the United States cannot be designated as
critical habitat (50 C.F.R. 424.12(h)); therefore, the geographical area considered is limited to areas from
the Bering Sea, AK (excluding Canadian waters), to the U.S.-California/Mexico border (National Oceanic
and Atmospheric Administration 2009b).

Their wide distribution, large numbers observed seasonally in some areas, and projections based on
demographic rates suggest that total green sturgeon numbers are at least in the tens of thousands
(Beamesderfer and Webb 2002). The largest known spawning stock of green sturgeon is that of the
Klamath River and its tributary. The Klamath River population is estimated to number up to 66,000
individuals of which 3,000 would be mature adults. Actual numbers of spawning females in the Klamath
were estimated at 760-1,500 females per year based on average harvest and total mortality rates
(Beamesderfer and Webb 2002).

Based on a review of recent tagging studies, harvest analyses, and stock assessments from many
locations, Beamesderfer and Webb (2002) estimated that the total adult and sub-adult population size
of green sturgeon is within the range of 34,000 to 160,000 fish. Of these, greatest abundance was
recorded for the Columbia River estuary, and ocean and bay waters of Oregon and Washington (St.
Pierre 2006).

Life History

Green sturgeons hatch in fresh water and spend about 1-4 years in fresh and estuarine waters before
widely dispersing into nearshore oceanic waters, bays, and estuaries. They remain there until they reach
maturity at more than 15 years of age and over 4 ft. (1.3 m) in length. Adults return to fresh water to
spawn beginning in late February and spawning occurs from April to June. Females produce 60,000—
140,000 eggs. They are long-lived, slow-growing fish.

Habitat and Geographic Range

Green sturgeon utilize both freshwater and saltwater habitat. They spawn in deep pools, or “holes” in
large, turbulent, freshwater river main steams. Eggs are likely broadcast over large cobble substrates,
but range from clean sand to bedrock substrates so that spawning habitat preferences are unclear. Cold,
clean water is important for proper embryonic development. The adult fish live in oceanic waters, bays,
and estuaries when they are not spawning. Green sturgeon are known to forage in estuaries and bays
ranging from San Francisco Bay to British Columbia. They are found along the west coast of Mexico, the
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United States, and Canada (Huff et al. 2012).They are also found in Eurasia and are the most broadly
distributed, wide-ranging, and marine-oriented species within the sturgeon family.

The historical and current distribution of where this species spawns is unclear as the green sturgeon
makes non-spawning movements into coastal lagoons and bays in the late summer to fall. Their original
spawning distribution may have been reduced due to harvest and other anthropogenic effects. They are
believed to spawn today in the Rogue River in Oregon, Klamath River Basin in Oregon, and the
Sacramento River in California. Spawning is rare in the Oregon Umpqua River. Green sturgeon also
appear to occasionally occupy the Eel River (National Oceanic and Atmospheric Administration 2012).

Critical habitat has been designated in coastal U.S. marine waters within 60 fathoms (110 m) depth from
Monterey Bay, CA (including the Bay), north to Cape Flattery, WA, including the Strait of Juan de Fuca, to
the U.S. Canadian boundary; and the Sacramento-San Joaquin Delta and Suisun, San Pablo, and San
Francisco bays in California; the lower Columbia River estuary; and certain coastal bays and estuaries in
California (Humboldt Bay), Oregon (Coos Bay, Winchester Bay, Yaquina Bay, and Nehalem Bay), and
Washington (Willapa Bay and Grays Harbor) (50 Code of Federal Regulations Part 226) (Figure 3.9-3).

Migration

Green sturgeons are still found in large concentrations in coastal estuaries; however, their range in fresh
water has been largely restricted due to dams. Historically they were observed hundreds of miles
(hundreds of kilometers) upstream in the Sacramento and Columbia rivers, but are currently restricted
in the Columbia River to the lower 37 mi. (60 km) downstream of the Bonneville Dam. Spawning is
presently known to occur in only three rivers in North America, all of which are in the United States; the
Rogue River in Oregon, and the Klamath and Sacramento river systems in California. Klamath and Rogue
River populations appear to spawn within 260 mi. (160 km) of the ocean while the Sacramento
population may travel over 200 mi. (320 km) upriver to spawn (St. Pierre 2006).

Species-Specific Threats

Threats to the green sturgeon species that contribute to their risk of extinction include the loss of
spawning habitat; concentration of spawning into a single spawning river; entrainment or impingement
by water project operations, dredging, power plant operations, or other in-water activities; bycatch of
green sturgeon in other fisheries; and poor water quality conditions (Department of Commerce 2010).
The main factor in the decline of the Southern DPS of green sturgeon is the reduction of the spawning
area to a limited section of the Sacramento River. Other threats to the DPS include insufficient
freshwater flow rates in spawning areas; contaminants (e.g., pesticides); bycatch of green sturgeon in
other fisheries; potential poaching (for caviar); entrainment by water projects; influence of non-native
species; small population size; impassable river barriers; and elevated water temperatures (National
Oceanic and Atmospheric Administration 2012).

3.9.2.4 Federally Managed Fisheries

U.S. fisheries are managed within a framework of overlapping international, federal, state, interstate,
and tribal authorities. Individual states and territories generally have jurisdiction over fisheries in marine
waters within 3 nautical miles (nm) of their coast. Federal jurisdiction includes fisheries in marine waters
inside the U.S. Exclusive Economic Zone, which encompasses the area from 3 nm to 200 nm offshore of
any U.S. coastline (National Oceanic and Atmospheric Administration 1996).

The Magnuson-Stevens Fishery Conservation and Management Act and Sustainable Fisheries Act (see
Section 3.0.1.1, Federal Statutes, for details) led to the formation of eight fishery management councils
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that share authority with the NMFS to manage and conserve the fisheries in federal waters. Essential
Fish Habitat (EFH) is also identified and managed under this act. For analyses of impacts on those
habitats included as EFH within the Study Area, refer to Sections 3.3 (Marine Habitats), 3.7 (Marine
Vegetation), and 3.8 (Marine Invertebrates). Together with NMFS, the councils maintain fishery
management plans for specific species or species groups to regulate commercial and recreational fishing
within their geographic regions. There are two regional fishery management councils including the
North Pacific Fishery Management Council and the Pacific Fishery Management Council within the Study
Area.

Federally managed species of marine fishes are listed in Table 3.9-3. These species are considered, along
with ESA-listed species and other taxonomic groupings, in the analysis of impacts in Section 3.9.3
(Environmental Consequences). The analysis of impacts on commercial and recreational fisheries is
provided in Section 3.12 (Socioeconomic Resources). The analysis of impacts of fisheries in relation to
Native American and Alaska Native Traditional uses are described in Section 3.11 (American Indian and
Alaska Native Traditional Resources).

Table 3.9-3: Federally Managed Fish Species within the Northwest Training and Testing Study Area

Pacific Fishery Management Council

Common Name

Scientific Name

Groundfish Management Unit Species

Sharks and Skates

Big skate

Raja binoculata

California skate

Raja inornata

Leopard shark

Triakis semifasciata

Longnose skate

Raja rhina

Soupfin shark

Galeorhinus zyopterus

Spiny dogfish

Squalus acanthias

Ratfish

Ratfish (also known as Spotted Ratfish)

| Hydrolagus colliei

Morids

Finescale codling (also known as Pacific Flatnose)

| Antimora microlepis

Grenadiers

Pacific rattail

| Coryphaenoides acrolepis

Roundfish

Cabezon

Scorpaenichthys marmoratus

Kelp greenling

Hexagrammos decagrammus

Lingcod

Ophiodon elongatus

Pacific cod

Gadus macrocephalus

Pacific whiting (hake)

Merluccius productus

Sablefish

Anoplopoma fimbria

Rockfish?!

Aurora rockfish

Sebastes aurora

Bank rockfish

Sebastes rufus
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Table 3.9-3: Federally Managed Fish Species within the Northwest Training and Testing Study Area, Pacific
Regional Fishery Management Council (continued)

Pacific Fishery Management Council

Common Name | Scientific Name

Groundfish Management Unit Species (continued)

Rockfish! (continued)

Black rockfish Sebastes melanops
Black and yellow rockfish Sebastes chrysomelas
Blackgill rockfish Sebastes melanostomus
Blue rockfish Sebastes mystinus
Bocaccio Sebastes paucispinis
Bronzespotted rockfish Sebastes gilli

Brown rockfish Sebastes auriculatus
Calico rockfish Sebastes dallii
California scorpionfish Scorpaena gutatta
Canary rockfish Sebastes pinniger
Chameleon rockfish Sebastes phillipsi
China rockfish Sebastes nebulosus
Chilipepper Sebastes goodei
Copper rockfish Sebastes caurinus
Cowcod Sebastes levis
Darkblotched rockfish Sebastes crameri
Dusky rockfish Sebastes ciliatus
Dwarf-red rockfish Sebastes rufinanus
Flag rockfish Sebastes rubrivinctus
Freckled rockfish Sebastes lentiginosus
Gopher rockfish Sebastes carnatus
Grass rockfish Sebastes rastrelliger
Greenblotched rockfish Sebastes rosenblatti
Greenspotted rockfish Sebastes chlorostictus
Greenstriped rockfish Sebastes elongatus
Halfbanded rockfish Sebastes semicinctus
Harlequin rockfish Sebastes variegatus
Honeycomb rockfish Sebastes umbrosus
Kelp rockfish Sebastes atrovirens
Longspine thornyhead Sebastolobus altivelis
Mexican rockfish Sebastes macdonaldi
Olive rockfish Sebastes serranoides
Pink rockfish Sebastes eos
Pinkrose rockfish Sebastes simulator
Pygmy rockfish Sebastes wilsoni
Pacific ocean perch Sebastes alutus
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Table 3.9-3: Federally Managed Fish Species within the Northwest Training and Testing Study Area, Pacific
Regional Fishery Management Council (continued)

Pacific Fishery Management Council

Common Name

| Scientific Name

Groundfish Management Unit Species (continued)

Rockfish! (continued)

Quillback rockfish

Sebastes maliger

Redbanded rockfish

Sebastes babcocki

Redstripe rockfish

Sebastes proriger

Rosethorn rockfish

Sebastes helvomaculatus

Rosy rockfish

Sebastes rosaceus

Rougheye rockfish

Sebastes aleutianus

Sharpchin rockfish

Sebastes zacentrus

Shortbelly rockfish

Sebastes jordani

Shortraker rockfish

Sebastes borealis

Shortspine thornyhead

Sebastolobus alascanus

Silvergray rockfish

Sebastes brevispinis

Speckled rockfish

Sebastes ovalis

Splitnose rockfish

Sebastes diploproa

Squarespot rockfish

Sebastes hopkinsi

Starry rockfish

Sebastes constellatus

Stripetail rockfish

Sebastes saxicola

Swordspine rockfish

Sebastes ensifer

Tiger rockfish

Sebastes nigrocinctus

Treefish Sebastes serriceps
Vermilion rockfish Sebastes miniatus
Widow rockfish Sebastes entomelas

Yelloweye rockfish

Sebastes ruberimus

Yellowmouth rockfish

Sebastes reedi

Yellowtail rockfish

Sebastes flavidus

Flatfish

Arrowtooth flounder (turbot)

Atheresthes stomias

Butter sole

Isopsetta isolepis

Curlfin sole Pleuronichthys decurrens
Dover sole Microstomus pacificus
English sole Parophrys vetulus

Flathead sole

Hippoglossoides elassodon

Pacific sanddab

Citharichthys sordidus

Petrale sole Eopsetta jordani

Rex sole Glyptocephalus zachirus
Rock sole Lepidopsetta bilineata
Sand sole Psettichthys melanostictus

Starry flounder

Platichthys stellatus
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Table 3.9-3: Federally Managed Fish Species within the Northwest Training and Testing Study Area, Pacific
Regional Fishery Management Council (continued)

Pacific Fishery Management Council

Common Name

Scientific Name

Coastal Pelagic Management Unit Species

Pacific sardine

Sardinops sagax

Pacific (chub) mackerel

Scomber japonicus

Northern anchovy, central and northern
subpopulations

Engraulis mordax

Jack mackerel

Trachurus symmetricus

Highly Migratory Species Management Unit Species

Tunas

North Pacific albacore

Thunnus alalunga

Yellowfin tuna

Thunnus albacares

Bigeye tuna

Thunnus obesus

Skipjack tuna

Katsuwonus pelamis

Pacific bluefin tuna

Thunnus orientalis

Sharks

Common thresher shark

Alopias vulpinus

Pelagic thresher shark

Alopias pelagicus

Bigeye thresher shark

Alopias superciliosus

Shortfin mako or bonito shark

Isurus oxyrinchus

Blue shark

Prionace glauca

Billfish and Swordfish

Striped marlin

Tetrapturus audax

Swordfish

Xiphias gladius

Other

Dorado or dolphinfish

Coryphaena hippurus

Pacific Halibut Management Unit

Pacific halibut

Hippoglossus stenolepis

Salmon Species Management Unit Species

Chinook salmon

Oncorhynchus tshawytscha

Coho salmon

Oncorhynchus kisutch

Pink salmon

Oncorhynchus gorbuscha

North Pacific Fishery M

anagement Council

Salmon Fishery Management Unit Species (East Area)

Chinook salmon

Oncorhynchus tshawytscha

Coho salmon

Oncorhynchus kisutch

Pink salmon

Oncorhynchus gorbuscha

Sockeye salmon

Oncorhynchus nerka

Chum salmon

Oncorhynchus keta

! The category “rockfish” includes all genera and species of the family Scopaenidae, even if not listed, that occur in the
Washington, Oregon, and California area. The Scopaenidae genera are Sebastes, Scorpaena, Sebastolobus, and Scorpaenodes.

Source: Pacific Fishery Management Council 2008, North Pacific Fishery Management Council 2012.
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3.9.2.5 Taxonomic Group Descriptions and Distribution

3.9.25.1 Jawless Fishes (Orders Myxiniformes and Petromyzontiformes)

Hagfishes (Myxiniformes) occur exclusively in marine habitats and are represented by 70 species
worldwide within temperate marine locations. This group feeds on dead or dying fishes and has very
limited external features often associated with fishes, such as fins and scales (Helfman et al. 1997). The
members of this group are important scavengers that recycle nutrients back through the ecosystem.
Lampreys (Petromyzontiformes) include 39 species widely distributed in the Northern and Southern
hemispheres, but virtually absent in tropical waters. The most striking feature of the lampreys is the oral
disc mouth which they use to attach to other fishes and feed on their blood (Moyle and Cech 1996;
Nelson 2006). A lamprey can exhibit two life histories. Anadromous lampreys, one type, spend most of
their adult lives in the ocean and move to rivers to spawn. The other type completes its life cycle entirely
in fresh water (Mansfield 2004).

Offshore Area

Jawless fishes of the Orders Myxiniformes and Petromyzontiforme occur in the Offshore Area Black
(Eptatretus deani) and Pacific (Eptatretus stouti) hagfishes are known to inhabit the Offshore Area (Hart
1973). They are most commonly found at the bottom of the ocean but inhabit a variety of depths below
82 ft. (25 m) (Moyle and Cech 1996; Powell et al. 2005). The Pacific (Entosphenus tridentatus) and river
(Lampetra ayresii) lampreys are known to inhabit the offshore Study Area. Pacific and river lampreys are
both parasitic and anadromous, with resident populations recorded (Hart 1973; Renaud 2011). Pacific
lamprey spend 6 months to 3.5 years in the marine offshore environment (U.S. Fish and Wildlife 2010).

Inland Waters

Both Pacific and river lamprey are known to inhabit the Inland Waters (Hart 1973; Renaud 2011) and use
it as a migratory corridor between spawning (rivers) and rearing (ocean) habitats. The distribution and
abundance of lampreys have been reduced by the construction of dams and diversions as well as
degradation of spawning and maturing habitat upriver from Inland Waters such as the Puget Sound.
Pacific lampreys return to spawn in fresh water primarily during spring and summer months. They often
spend about 1 year in freshwater habitat before spawning, usually remaining under large substrates
(e.g., large boulders, bedrock crevices) associated with low water velocities until the following spring,
when they move to the spawning areas (U.S. Fish and Wildlife 2010).

Western Behm Canal, Alaska

There are five species of lamprey found in Alaska. The Arctic lamprey (Lampetra camtschatica) is the
most common lamprey in Alaska. Pacific lamprey (L. tridentate) is found along coastal areas and is
anadromous. Alaskan brook lamprey (L. alaskense) is non-parasitic and found in streams, river basins,
and some lakes. The American river lamprey (L. ayresii) is uncommon in Alaska; however, the species
has been found in the southeast region which is included in the Study Area. The western brook lampreys
(L. richardsoni) are freshwater and nonparasitic species that are found sparsely distributed in the
Western Behm Canal portion of the Study Area (Mansfield 2004).

3.9.2.5.2 Sharks, Rays, and Chimaeras (Class Chondrichthyes)

The cartilaginous (non-bony) marine fishes of the class Chondrichthyes are distributed throughout the
world’s oceans, occupying all areas of the water column. This group is mainly predatory and contains
many of the apex predators found in the ocean (e.g., great white shark, mako shark, and tiger shark)
(Helfman et al. 1997). The basking shark is a notable exception as it is a filter-feeder. Sharks and rays
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have some unique features among marine fishes such as no swim bladder; protective toothlike scales;
unique sensory systems (electroreception, mechanoreception); and some species bear live young in a
variety of life history strategies (Moyle and Cech 1996). The subclass Elasmobranchii contains more than
850 marine species, including sharks, rays and skates, spread across nine orders (Nelson 2006). Very
little is known about the subclass Holocephali, which contains 58 marine species of chimaeras (Nelson
2006).

Offshore Area

Sharks and rays are found in the Offshore Area (Paxton and Eshmeyer 1994). While most sharks occur in
the water column, many rays occur on or near the seafloor. Chimaeras are cool-water marine fishes that
can be found in depths between 260 and 8,500 ft. (79.2 and 2,590.8 m) (Nelson 2006), including the
spotted ratfish (Hydrolagus colliei), which is found in the Offshore Area and Inland Waters.

Inland Waters

Sharks and rays are found in the Inland Waters section of the Study Area (Paxton and Eshmeyer 1994).
While most sharks occur in the water column, many rays occur on or near the seafloor. Chimaeras are
cool-water marine fishes that are found at depths between 260 and 8,500 ft. (79.2 and 2,590.8 m)
(Nelson 2006). Two elasmobranch species, sixgill sharks and dogfish, are common in the Puget Sound.
Although their populations have declined, these species are found in areas overlapping with the Inland
Waters portion of the Study Area (Fowler et al. 2005).

Western Behm Canal, Alaska

Sharks and rays are found in the Western Behm Canal portion of the Study Area (Paxton and Eshmeyer
1994). While most sharks occur in the water column, many rays occur on or near the seafloor.
Chimaeras are cool-water marine fishes that are found at depths between 260 and 8,500 ft. (79.2 and
2,590.8 m) (Nelson 2006). There are three species of sharks that are abundant in the Alaska portion of
the Study Area including, the Pacific sleeper shark (Somniosus pacificus), spiny dogfish (Squalus suckleyi),
and the salmon shark (Lamna ditropis). Spiny dogfish have both local and migratory populations, while
Pacific sleeper sharks are generally found as local populations that move vertically throughout the water
column and salmon sharks are found in local coastal populations (Tribuzio et al. 2010).

3.9.2.5.3 Sturgeons (Order Acipenseriformes)

Sturgeon are large, primitive fishes found in the Northern Hemisphere. Many species are restricted to
freshwater, but several are anadromous (University of Washington Fish Collection 2015). The most
significant commercial use of sturgeon is the harvest of their eggs for caviar. There are 24 species
recognized in this order (University of Washington Fish Collection 2015), with two anadromous species,
green (Acipenser medirostris) and white sturgeons (Acipenser transmontanus), present in parts of the
Study Area. Green sturgeon range between southern California to the Gulf of Alaska, while white
sturgeon are found from northern California to the Gulf of Alaska (Hart 1973; Eschmeyer et al. 1983).

Offshore Area

The green and white sturgeons inhabit the Offshore area, but appear somewhat uncommon. In the fall,
many tagged green sturgeon move northward along the continental shelf to or past northern Vancouver
Island, where they appear to spend the winter. Many of these fish migrate southward again in the spring
and are known to spend summers in rivers, bays, and estuaries (Erickson et al. 2002; Moser and Lindley
2007 as cited by Lindley et al. 2008).
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Inshore Waters

Green and white sturgeons are not frequently encountered in Puget Sound (University of Washington
Fish Collection 2015); records exist showing both species inhabiting or migrating through the Inshore
Waters.

Western Behm Canal, Alaska

Eschmeyer et al. (1983) states that green surgeon range from Japan to Baja California, Mexico. Lindley et
al. (2008) found that only one out of 213 acoustically tagged green sturgeon was detected on the
southeast Alaska line, suggesting that this species is uncommon in the Western Behm Canal.

3.9.2.5.4 Eels (Order Anguilliformes)

These fishes have a unique larval stage called leptocephalus (“thin head”). During the larval stage of
leptocephalus, these transparent, leaf-like, or ribbon-shaped, larvae drift on ocean currents, feeding on
dissolved organic molecules until they develop to their next life history stage, eventually returning to the
sea bed to shrink and firm up their bodies and take on the coloring of their juvenile or adult stages
(Paxton and Eschmeyer 1994). Eels have an elongated snakelike body. Most of the 780 eel species do
not inhabit the deep ocean. Eels generally feed on other fishes or small bottom-dwelling invertebrates,
but they also feed on larger organisms (Helfman et al. 1997).

Offshore Area

Deep-water eels from the order Anguilliforme, such as crossthroat sawplate (Serrivomer jesperseni),
spaced snipe eel (Avocettina gilli), closepine (Avocettina infans), and slender (Nemichthys scolopaceus)
snipe eels may be found in the deep water portions of the Offshore Area (Hart 1973). Larval forms of
both orders may be found throughout the water column of the Offshore Area due to their free floating
nature and the ocean currents that disperse them (Paxton and Eshmeyer 1994).

Inland Waters

Anguilliformes may be found in their larval stage throughout the water column of the Inland Waters
portion of the Study Area due to their free floating nature and ocean currents (Paxton and Eshmeyer
1994). Adult eels are generally not found in the nearshore of the eastern Pacific and therefore are likely
not present in the Inland Waters portion of the Study Area (Aoyama 2009).

Western Behm Canal, Alaska

Due to their free floating nature and ocean currents the larval stage of Anguilliformes may be found
throughout the water column of Western Behm Canal. Their adult forms, however, are likely not present
in the Western Behm Canal portion of the Study Area (Aoyama 2009). There is one species, the slender
shipe eel, recorded in the Western Behm portion of the Study Area (Miller and Lea 1972; Hart 1973).

3.9.2.5.,5 Herring, Eulachon, and Salmonids (Orders Clupeiformes, Osmeriformes, Esociformes,
and Salmoniformes)

Clupeiformes are found virtually worldwide, though the largest number of species is found in the
tropics. This is a large order whose members are mostly marine, with some species freshwater or
anadromous. There are 320 species in this order, with only four recorded in portions of the Study Area.
Northern anchovy (Engraulis mordax), Pacific herring, Pacific sardine (Sardinops sagax), and the
introduced American shad (Alosa sapidissima) are all schooling fishes which usually feed on plankton.
They are important food sources for a variety of fishes, aquatic and marine mammals, and birds.
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Humans use anchovies and herring for food, bait, and oil (Hart 1973; University of Washington Fish
Collection 2015).

Osmeriformes are marine, anadromous, or freshwater fishes of the Northern Hemisphere. Most are
schooling fishes, and they feed on invertebrates and fishes. Some are commercially harvested, and many
are important food sources for larger fishes and other animals. There are 13 species of smelt, with seven
found in the Study Area. The species in the Study Area include whitebait (Allosmerus elongates), surf,
rainbow (Osmerys mordax denrex), longfin (Spirinchus thaleichthys), and night (Spirinchus starksi) smelts
and capelin (Mallotus villosus), eulachon (Thaleichthys pacificus).

Salmoniformes may be anadromous or reside in freshwater. All salmonids are native to the Northern
Hemisphere, but have been introduced around the world. There are about 66 species with 11 recorded
in the Study Area, and most belong to the genus Oncorhynchus. Salmonids are commercially important.
The native species include Chinook (Oncorhynchus tshawytscha), chum (Oncorhynchus gorbuscha), coho
(Oncorhynchus kisutch), cutthroat trout (Oncorhynchus clarkia), dolly varden, pink salmon
(Oncorhynchus gorbuscha), sockeye (Oncorhynchus nerka), and steelhead (Oncorhynchus mykiss). The
Atlantic salmon (Salmo salar) and brown trout (Salmo trutta) are introduced species to the Study Area
(Hart 1973; University of Washington Fish Collection 2015).

Offshore Area

Northern anchovy, Pacific herring, Pacific sardine, and whitebait, surf, longfin, and night smelts,
eulachon, Chinook, chum, coho, cutthroat trout, dolly varden, pink, sockeye, steelhead, and the
introduced American shad are found in the Offshore Area (Hart 1973; University of Washington Fish
Collection 2015). In addition, Atlantic salmon that escaped from farm pens may be found in the Offshore
Area; they are considered an invasive species but not expected to thrive in competition with native
species.

Inland Waters

Northern anchovy, Pacific herring, Pacific sardine, and whitebait, surf, and longfin smelts, capelin,
eulachon, Chinook, chum, coho, cutthroat trout, dolly varden, pink, sockeye, steelhead, and the
introduced American shad and Atlantic salmon are all likely to occur in the Inland Waters of the Study
Area (Hart 1973; University of Washington Fish Collection 2015). During their transition from fresh water
to salt water, juvenile salmon occupy nearshore ecosystems in the Inland Waters portion of the Study
Area. These species could be present throughout the Inland Waters of the Study Area (Fresh 2006).

Western Behm Canal, Alaska

Pacific herring, Pacific sardine, and longfin, and night smelts, eulachon, Chinook, chum, coho, cutthroat
trout, dolly varden, pink, sockeye, and steelhead may be found in the Western Behm Canal (Hart 1973;
University of Washington Fish Collection 2015). The Behm Canal serves as a migratory pathway, and
juvenile habitat for the coho, Chinook, pink, sockeye, and chum salmonids (Alaska Department of Fish
and Game 2013).

3.9.2.5.6 Lanternfishes (Order Myctophiformes)

The order Myctophiformes comprises one of the largest groups of the world’s deepwater fishes, many
of which are not very well described in the scientific literature (Nelson 2006). These fishes are known for
their unique body forms (e.g., slender bodies, or disc-like bodies, often possessing light-producing
capabilities) and adaptations that likely present some advantages within the deepwater habitats in
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which they occur (e.g., large mouths, sharp teeth, and sensitive lateral line (sensory) systems) (Haedrich
1996; Koslow 1996; Marshall 1996; Rex and Etter 1998; Warrant and Locket 2004). There are nine
species found in Study Area: blue (Tarletonbeania crenularis), northern (Stenobrachius leucopsarus),
dogtooth (Ceratoscopelus townsendi), pinpoint (Lampanyctus regalis), broadfin (Lampanyctus ritteri),
patchwork (Notoscopelus resplendens), bigfin (Symbolophorus californiense)and bigeye
(Protomyctophum thompdoni) lampfishes, and California headlightfish (Diaphus theta) (Hart 1973;
University of Washington Fish Collection 2015).

Offshore Area

Lanternfishes occur in deep ocean waters, ranging from 3,280 to 16,000 ft. (1,000 to 4,900 m), and
sometimes make diurnal migrations to shallower regions in search of nutrients within the Offshore Area
(Froese and Pauly 2010; Paxton and Eshmeyer 1994). Blue, northern, dogtooth, pinpoint, broadfin,
patchwork, bigfin, and bigeye lampfishes and California headlightfish are recorded in the Offshore Area
(Hart 1973; Eschmeyer et al. 1983).

Inland Waters

Lanternfishes are found in the Inland Waters portion of the Study Area in the water column and on the
seafloor at depths of 630 ft. (200 m) and below. Their larvae are found in the inland portion of the Study
Area as part of plankton (Paxton and Eshmeyer 1994). Blue and northern lanternfishes and California
headlightfish are uncommon, but recorded in the Inland Waters (Hart 1973; University of Washington
Fish Collection 2015).

Western Behm Canal, Alaska

Lanternfishes are found in the Western Behm Canal portion of the Study Area in the water column and
on the seafloor at depths of 630 ft. (200 m) and below. Their larvae are found in the Western Behm
Canal portion of the Study Area as part of plankton (Paxton and Eshmeyer 1994). Northern, pinpoint,
and bigeye lampfishes are recorded in the Western Behm Canal (Miller and Lea 1972; Hart 1973).

3.9.2.5.7 Lizardfishes and Lancetfishes (Order Aulopiformes)

Aulopiformes are a very diverse order. Some species are found in warm, shallow seas, while other
species are distributed in Arctic to Antarctic waters. Fishes in this order prey upon a diversity of species
including deepwater fishes, crustaceans, molluscs, octopuses, squids, and other invertebrates. Of the
approximately 113 species placed in this order, only 3 occur in the Study Area, and all are rare. These
species include ribbon barracudina (Notolepis rissoi), slender barracudina (Lestidium ringens), and
longnose lancetfish (Alepisaurus ferox).

3.9.2.5.8 Offshore Area

Longnose lancetfish, and slender and ribbon barracudinas are recorded, but rare in the Offshore Area
(Hart 1973; Eschmeyer et al. 1983).

3.9.2.5.9 Inland Waters

Longnose lancetfish, slender and ribbon barracudinas are recorded, but rare in the Inland Waters (Hart
1973; University of Washington Fish Collection 2015).
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3.9.2.5.10 Western Behm Canal, Alaska

Longnose lancetfish, slender and ribbon barracudinas are recorded, but rare in the Western Behm Canal
(Hart 1973).

3.9.2.5.11 Cods, Hakes, and Brotulas (Orders Gadiformes and Ophidiiformes)

The cods and hake are target species of commercial fisheries. The cods, or groundfish, account for
approximately half of the world’s commercial fishery landings (Food and Agriculture Organization of the
United Nations 2005). Gadiforms, such as cods, are almost exclusively marine fishes, and occupy
seafloor habitats in temperate, arctic, and Antarctic regions. There are two families and five species in
the Study Area, including Pacific cod (Gadus macrocephalus), Pacific tomcod (Microgadus proximus),
walleye pollock (Theragra chalcogramma), Pacific flatnose (Antimora microlepis), and Pacific hake
(Merluccius productus).

The order Ophidiiformes includes brotulas, which have long eel-like tapering bodies and are distributed
in deepwater areas throughout tropical and temperate oceans. The characteristics of ophidiiforms are
similar to those of the other deepwater groups. Only the red brotula (Brosmophycis marginata), is
recorded in the Study Area, and typically dwells in caves and crevices at depths from 160 to 660 ft. (50
to 200 m) (Hart 1973; University of Washington Fish Collection 2015).

Offshore Area

Pacific cod, Pacific tomcod, walleye pollock, Pacific flatnose, Pacific hake, and red brotulas have been
recorded in the Offshore Area (Hart 1973).

Inland Waters

Pacific cod, Pacific tomcod, walleye Pollock, and Pacific hake are common in the Inland Waters. Red
brotulas are present, but rarely collected (Hart 1973; University of Washington Fish Collection 2015).
Western Behm Canal, Alaska

Pacific cod, Pacific tomcod, walleye pollock, Pacific flatnose, Pacific hake, and red brotulas have been
recorded in the Western Behm Canal (Hart 1973).

3.9.2.5.12 Toadfishes (Order Batrachoidiformes)

Toadfishes are found in temperate and tropical waters. Most are marine but some species live in fresh
or brackish water. There are 69 species in this family, with only one, the plainfin midshipman (Porichthys
notatus) inhabiting the Study Area. The plainfin midshipman typically lives on sandy or muddy substrate
near the shore. This fish possesses a gasbladder which it uses to produce humming, grunting, and
growling noises. Plainfin midshipmen feed on other fishes and crustaceans, and are in turn eaten by
seals, sea lions, and birds (Hart 1973; University of Washington Fish Collection 2015).

Offshore Area
The plainfin midshipman inhabits the Offshore Area (Hart 1973).

Inland Waters

The plainfin midshipman inhabits the Inland Waters of the Study Area (Hart 1973; University of
Washington Fish Collection 2015).
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Western Behm Canal, Alaska

The plainfin midshipman presence has not been confirmed in the Western Behm Canal (Hart 1973).

3.9.2.5.13 Silversides and Pacific Saury (Order Atheriniformes and Beloniformes)

Atherinidae is a large order that includes a wide variety of families including silversides. Beloniformes
are close relatives of Atherinidae, and include flyingfish and Pacific saury (Cololabis saira). Fishes from
these orders have tendencies toward internal fertilization, although many species in these orders are
known egg-layers, more and more species are discovered to be internal fertilizers. Atherinids
characteristically have flattened dorsums, pectoral fins inserted high on the sides and near the top of
the gill opening, widely separated dorsal fins, cycloid scales, and a metallic silvery streak along their side,
lending to their common name, that is silverside. Most silversides are small fishes, under 5 in.

(125 millimeters [mm]) in length, but a few species, such as the jack smelt (Atherinopsis californiensis)
and topsmelt (Atherinops affinis) of the eastern Pacific may attain 20 in. (500 mm) or more and are
important to fisheries. Silversides typically school by the thousands, and are also important food for
other fish (Ethier and Starnes 1993). The Pacific saury is in the Order Beloniformes, and feeds on small
crustaceans as well as the eggs and larvae of other fishes. Pacific saurys produce eggs that are attached
to one another and floating objects by filaments on the egg surface. This species is a highly migratory
species with a range extending from Korea and Japan, eastward to the Gulf of Alaska, and South to
Mexico (Froese and Pauly 2011).

Offshore Area

Pacific saury are a species of the order Beloniformes that occurs in the Offshore Area. As adults, they are
generally found near the surface and in schools. As juveniles they are associated with drifting seaweed
near the sea surface (Froese and Pauly 2011). Another species from the Beloniformes that occurs in the
Offshore Area is the California flyingfish (Cheilopogon pinnatibarbatus californicus). Silversides are not
likely to occur in the Offshore Area as they are typically located in coastal waters (Froese and Pauly
2011).

Inland Waters

Beloniformes are not likely to occur in the Inland Waters portion of the Study Area. Atheriniformes such
as the topsmelt silverside (Atherinops affinis) are common to bays, muddy and rocky areas, kelp beds,
and estuarine areas, and would be likely to occur in the Inland Waters portion of the Study Area. Jack
silversides (Atherinopsis californiensis) may be found in the Inland Waters of the southern portion of the
Study Area; however, they are not likely to occur in the Puget Sound portion of the Study Area (Froese
and Pauly 2011).

Western Behm Canal, Alaska

Atheriniformes, such as topsmelt silversides and jack silversides, are not likely to be found in the
Western Behm Canal portion of the Study Area, as they are generally not found that far north. The
Pacific saury from the Beloniformes order may occur in the Western Behm Canal portion of the Study
Area, on or near the surface of the water. Adult Pacific saury are generally found in offshore areas near
the surface of the water; however, they may be found in the Western Behm Canal, as they are a highly
migratory species (Froese and Pauly 2011).
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3.9.2.5.14 Opahs and Ribbonfishes (Order Lampridiformes)

The order Lampridiformes includes rare, pelagic, and deep fishes of various shapes and sizes, mostly
large, that remain unstudied. There are six families, although there is disagreement about taxonomy,
and species are found worldwide. Two of the 20 known species are recorded in the Study Area, the opah
(Lampris guttatus) and King-of-the-Salmon (Trachipterus altivelis). Opahs feed on cephalopods,
crustaceans, and fishes. King-of-the-Salmon juveniles feed on copepods, annelid worms, and fish larvae,
while adults are known to prey upon euphasids, small pelagic fishes, and cephlapods (Hart 1973;
University of Washington Fish Collection 2015).

Offshore Area
Opah and King-of-the-Salmon are very rare, but recorded in the Offshore Area (Hart 1973).

Inland Waters

Opah and King-of-the-Salmon are very rare, but recorded in the Inland Waters (Hart 1973; University of
Washington Fish Collection 2015).

Western Behm Canal, Alaska

Opah and King-of-the-Salmon are very rare, but recorded in the Western Behm Canal (Hart 1973;
Eschmeyer et al. 1983).

3.9.2.5.15 Pipefishes (Order Gasterosteiformes)

Gasterosteiformes include sticklebacks, tubesnouts, and pipefishes. Sticklebacks and pipefish are
common within the Study Area. These species are likely to occur within the Study Area: the tubesnout
(Aulorhynchus flavidus), threespine stickleback (Gasterosteus aculeatus), and bay pipefish (Syngnathus
leptorhynchus). Most of these species are found in brackish water throughout the world (Nelson 2006)
and occur in surface, water column, and seafloor habitats. Small mouths on a long snout and armorlike
scales are characteristic of this group. As most of these species exhibit a high level of parental care (e.g.,
sticklebacks build nests), survival of young is high compared to most other fish species, so relatively few
young need to be produced to sustain populations (Helfman et al. 1997).

Offshore Area

Tube-snouts may be found in the Offshore Area near the surface in dense schools (Froese and Pauly
2011). These pipefishes may be found sparsely distributed throughout the offshore section of the Study
Area on or near the surface of the water (Paxton and Eshmeyer 1994). Three-spined sticklebacks are
associated with floating mats of seaweed as juveniles in the Offshore Area; however, as adults they
move into inshore regions (Froese and Pauly 2011).

Inland Waters
Tubesnouts, threespine sticklebacks, and bay pipefish are very common in the Inland Water Study Area
(Hart 1973; University of Washington Fish Collection 2015).

Western Behm Canal, Alaska

Threespine sticklebacks and bay pipefish are present in the shallow nearshore habitat, but their habitat
does not overlap with the Western Behm Canal.
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3.9.2.5.16 Rockfishes (Order Scorpaeniformes)

The order Scorpaeniformes is a diverse group of more than 1,400 marine species, all with bony plates or
spines near the head. This group contains the scorpionfishes, waspfishes, rockfishes, velvetfishes,
pigfishes, sea robins, gurnards, sculpins, snailfishes, and lumpfishes (Froese and Pauly 2010; Moyle and
Cech 1996; Paxton and Eshmeyer 1994). Many of these fishes are adapted for inhabiting the seafloor of
the marine environment (e.g., modified pectoral fins or suction discs), where they feed on smaller
crustaceans and fishes. Sea robins are capable of generating sounds with their swim bladders (Moyle
and Cech 1996).

Offshore Area

Most of these fishes occur in depths less than 330 ft. (100 m), but others are found in deepwater
habitat, down to 7,000 ft. (2,130 m). The deepest living scorpaenids are the idiotfishes (Sebastolobus
alascanus), and are found throughout the deeper portions of the offshore segment of the Study Area.
Rock cods, stonefishes, velvetfishes, sea robins, flatheads, sablefishes, skilfishes, greenlings, combfishes,
and lingcod will be dispersed throughout the offshore region in the water column and on the seafloor of
the Study Area (Paxton and Eshmeyer 1994).

Inland Waters

Scorpionfishes are widely distributed at all depths in the Inland Waters of the Study Area. Most occur in
depths less than 330 ft. (100 m) but others are found in deepwater habitat to 7,000 ft. (2,100 m).
Sculpins are a large division of Scorpaeniformes and are found in shallow water to moderate depths and
are dominant in tide pools. Some sculpin species live in fresh water. Sculpins, fatheads, and poachers
are present in the Inland Waters section of the Study Area (Paxton and Eshmeyer 1994).

Western Behm Canal, Alaska

Scorpionfishes are widely distributed at all depths in the Western Behm Canal portion of the Study Area.
Most occur in depths less than 330 ft. (100 m), but others are found in deepwater habitat to 7,000 ft.
(2,130 m). Scorpaenifomes such as sablefish (Anoplopoma fimbria), skilfish (Erilepis zonifer), greenlings
(Hexagrammidae), combfish (Coris picta), and lingcod (Ophiodon elongatus) are likely to occur in the
Western Behm Canal portion of the Study Area. Sculpins (Cottoidea) and poachers (Agonidae) may also
be present in the Western Behm Canal portion of the Study Area (Paxton and Eshmeyer 1994).

3.9.2.5.17 Gobies (Family Gobiidae)

The Gobiidae family is huge with 1,875 species which live in saltwater, brackish water, and freshwater,
mostly in the tropics and subtropics. There are more marine species in the Gobiidae than in any other
fish family, hence its inclusion. Some gobies exhibit parental care, and some show sequential
hermaphroditism (an individual goes through both a male phase and a female phase during its life).
There are only three species of goby inhabiting the Study Area. They are all less than 12 cm long and
benthic and include Arrow (Clevelandia ios), Blackeye (Coryphopterus nicholsii), and Bay (Lepidogobius
lepidus) gobies (Hart 1973; Eschmeyer et al. 1988; University of Washington Fish Collection 2015).

Offshore Area

Arrow, Blackeye, and Bay gobies are recorded in the shallow habitat of the Offshore Area (Hart 1973;
Eschmeyer et al. 1983).
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Inland Waters

Arrow, Blackeye, and Bay gobies are recorded in the shallow habitat of the Inland Waters (Eschmeyer et
al. 1988; University of Washington Fish Collection 2015).

Western Behm Canal, Alaska

Gobies are not recorded in the Western Behm Canal (Hart 1973; Eschmeyer et al. 1983).

3.9.2.5.18 Jacks, Tunas, and Mackerels (Families Carangidae and Scombridae)

The Carangidae is a large family of moderately sized fishes whose 140 species are found in the Pacific,
Atlantic, and Indian oceans. The Jack Mackerel (Trachurus symmetricus) is the only species which occurs
in the Study Area. It is a pelagic species which can be found near the surface or at depths up to 180
meters or more. It often schools and feeds on a variety of pelagic invertebrates and small fishes (Hart
1973; Eschmeyer et al. 1988; University of Washington Fish Collection 2015).

The Scombridae is a family of fast-swimming, wide-ranging pelagic fishes. They have a number of special
adaptations for this lifestyle, including a streamlined body form and recessible dorsal and anal fins.
Some species are partly endothermic, maintaining a higher body temperature in the swimming muscles.
Scombrids schools and prey on other fishes. Many species are very important as sport and in
commercial harvests. This family includes 49 species, with 5 species considered rarely recorded in the
Study Area. These species includes Skipjack Tuna (Euthynnus pelanis), Pacific Bonito (Sarda chiliensis),
Pacific Mackerel (Scomber japoni