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MARINE PLANTS AND INVERTEBRATES

3.6.1

Affected Environment

Some of the important ecosystem functions provided by marine plants include the following:

x

Plankton form the basis of the ocean food chain.

x

Seagrasses provide animal habitat for resting, feeding, and escape.

x

Wetland plants provide erosion control and water quality improvements.

Invertebrates, which range from microscopic crustaceans to clams and crabs, also provide valuable links
in the food chain and perform ecosystem functions such as nutrient processing. For humans, marine plants
and invertebrates contribute to economic, cultural, and recreational activities in the Pacific Northwest.
This discussion is divided into the following habitats:

x

Open ocean habitat includes free-floating (pelagic) and bottom dwelling (benthic) areas; and

x

Nearshore habitat, also referred to as the littoral zone, includes islets and headlands, rocky
intertidal areas, bottom-dwelling algaes (e.g., kelp forests), seagrass beds, soft substrate, estuarine
and coastal salt marsh wetlands, fjords, and beaches.

3.6.1.1

Open Ocean Pelagic Habitats

Microscopic Communities

Phytoplankton make up most of the marine plant life in the Northwest Training Range Complex
(NWTRC) Study Area. Phytoplankton – microscopic plants – are the most important primary producers
in the ocean (Thurman 1997). Primary producers are organisms that make organic compounds from
carbon dioxide in the air or water, principally through photosynthesis. They form the base of the food
chain, such that almost all other life on Earth depends on them. The phytoplankton community primarily
is in the upper 330 feet (100 m) of the water column. It is composed mainly of single-celled diatoms (cell
wall composed of silicon) and dinoflagellates (have whip-like structures called flagella that give them
mobility) (Walsh et al. 1977; Estrada and Blasco 1979; Hardy 1993). 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). The coast of
the Pacific Northwest supports a high density of phytoplankton (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 plants (Strub et al. 1990; Batchelder et al. 2002;
Perry et al. 1989).
Zooplankton is a term for microscopic (< 2 μm) to small animals (2 to 20 cm) that live in the open ocean.
Examples include ciliates; a wide variety of crustaceans such as copepods and krill (euphausiids); and the
eggs, larvae, and juvenile stages of organisms ranging in complexity from jellyfish to juvenile fish
(Kideys 2002). Copepods are the dominant group of zooplankton in terms of biomass (Landry and
Lorenzen 1989). Zooplankton occur at all depths and often undertake daily vertical migrations of up to
several hundred feet. During the summer, a large standing stock of zooplankton resides 5 to 16 nm miles
off the Olympic Coast (9 to 30 km) (OCNMS 1993).
Most zooplankton feed on phytoplankton. The zooplankton, in turn, serves as an important food source
for other organisms, including fish, and whales. Copepods and krill are the two most important food
sources for adult pelagic fish and baleen whales. Krill usually live at depths beyond the range of surfacefeeding animals, but during swarming, large numbers may migrate to the surface within reach of flocks of
birds (Sheard 1953; Boden et al. 1955).
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Pelagic Invertebrates

Open-ocean or pelagic invertebrates consist of “jellies” – jellyfish (cnidarians), comb jellyfish
(ctenophorans), and salps (chordates), plus a wide variety of other animals, including shrimp (decapods),
gastropods, and polychaete marine worms. Most of these animals filter the sea water for plankton. Salps
are more abundant in phytoplankton-rich surface waters, but have been found at depths to 3,300 feet
(1,000 m). Many of these soft-bodied invertebrates are important sources of food for sea turtles.
3.6.1.2

Open Ocean Deepwater Benthic Habitats

For the purposes of this study, the deep-sea environment extends from the shelf break at a depth of 500 to
650 feet (150 to 200 m) to the abyss, which occurs at depths of more than 13,000 feet (4,000 m).
Deepwater benthic communities of interest in the Study Area include corals reefs, sponge reefs,
chemosynthetic ecosystems, communities common to deep rock substrate provided by submarine canyons
and seamounts, and communities of the abyssal plain.
Coral Communities

In the NWTRC Study Area, habitat-forming deep-sea coral communities are commonly found between
875 and 4,200 feet deep (265 to 1,260 m), but may be found as deep as 11,400 feet (3,450 m) (Etnoyer
and Morgan 2003). In these locations, there is usually no light and temperatures can be as low as 4°C.
Examples include stony corals, hydrocorals, soft corals, black corals, and lace corals. Stony corals and
hydrocorals build large, three-dimensional coral reefs that are comparable in size and complexity to
shallow-water coral reefs. These deep-sea communities are typically found on the continental slope, the
area from the edge of the continental shelf to the continental rise, and on undersea mountains
(“seamounts”). The biological diversity of deep-sea coral communities is high, and includes sponges,
polychaetes (bristleworms), crustaceans (crabs and lobsters), mollusks (clams and snails), cephalopods
(octopus), echinoderms (starfish, sea urchins, brittle stars, and feather stars), bryozoans (sea moss), and
fish (Freiwald et al. 2004; Hain and Corcoran 2004; Roberts and Hirshfield 2004).
Deep-sea coral communities are found along the entire continental slope of the Study Area, including
training range W-237A, and in a few locations in Puget Sound. Black corals are the most common on the
continental slope, while the rare Lophelia sp. is found off the Washington coast. A recent study indicated
that deep corals are widespread on seamounts and continental shelves throughout the Northeast Pacific,
down to a depth of 15,500 feet (4,700 m) (Etnoyer and Morgan 2003; Bowlby et al. 2005; Hyland et al.
2005; Brancato et al. 2006).
Deep-sea coral communities are slow-growing (4 to 25 mm per year compared to as much as 150 mm per
year for shallow tropical corals) and fragile, and are vulnerable to human-induced physical impacts.
Trawls and heavy fishing gear used by commercial fishing have caused severe damage to deep-sea coral
communities in many areas of the world. These communities are also susceptible to physical impacts
caused by oil- and gas-production, aggregate extraction, other mineral exploitation, cable laying, seabed
shipping, disposal of waste in deep waters, coral harvest, and increased atmospheric carbon dioxide. It
may take decades or centuries for damaged cold-water coral reefs to recover (Freiwald et al. 2004;
Roberts and Hirshfield 2004; Brancato 2005; Brancato and Bowlby 2005; Hyland et al. 2005).
Sponge Reefs

Three sponge reef complexes occur in the northern Puget Sound region, including at North McCall Bank,
South McCall Bank, and Fraser Ridge. These glass sponges are variously known as glass, chalice, vase,
and cloud sponges. Species include Heterochone calyx and Aphrocallistes vastus. Their reefs typically are
located 300 to 700 feet deep (90 to 210 m), are up to 65 feet high (20 m), and can extend for several
miles. The communities at Fraser Ridge are densely clustered and brightly colored, unlike other reef areas
where the sponges usually are white. The reef complex at North McCall Bank is abundant with large
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sponges, while the reef complex at South McCall Bank has an absence of healthy sponges (Conway et al.
2005). Like deep-sea corals, sponge reef communities are slow-growing, fragile, and susceptible to the
same types of human-induced physical impacts.
Chemosynthetic Ecosystems

In most marine ecosystems, the primary producers at the base of the food chain include phytoplankton,
macroalgae, and seagrasses that produce energy through photosynthesis. However, in environments on
the ocean floor that are rich in methane and sulfides, chemosynthetic bacteria use sulfur-oxidizing,
methane-oxidizing, and sulfide-reducing processes to create energy and organic matter that can be used
by other organisms in the environment. Common animals include tubeworms, giant white clams, mussels,
gastropods, and sponges (Kojima 2002). Chemosynthetic communities are a significant source of
biological productivity on the deep-sea floor, and most such communities occur in association with fields
of hydrothermal vents (Hessler and Lonsdale 1991; Smith et al. 2003) or in areas of gas hydrates in the
sediments (Fisher et al. 2000; Reed et al. 2002). Chemosynthetic communities occur in the NWTRC
Study Area, including within the Olympic Coast National Marine Sanctuary (Bowlby et al. 2005;
Hourigan et al. 2007).
Deep Rocky Substrate Communities

The bottom substrate of the deep sea is mostly covered with silts, clays, and fine sediments. However, in
waters deeper than 100 feet (30 m), about three percent of the bottom consists of hard substrates,
including rocky outcroppings, rubble, talus, vertical walls, rocky reefs, and seamounts (DoN 2006, p.252). These substrates support diverse assemblages of invertebrates and fish (Grassle 1991; Airamé et al.
2003). The type of bottom substrate governs the abundance and diversity of deep-sea organisms. Most
deep, hard-bottom organisms are suspension feeders, and in the Pacific Northwest these commonly
include corals, anemones, and sea lilies (Lissner 1988).
Abyssal Plain

The Cascadia abyssal plain is a nearly flat area that begins approximately 375 nm (695 km) off the West
Coast and extends to the Juan de Fuca Ridge (Figure 3.6-1). It is approximately 50,000 nm2 in size
(171,500 square kilometers [km2]) and is regarded as the true ocean floor. Because it is several thousand
feet below the surface, it is cold and lightless, but possesses extremely diverse marine inhabitants. While
the abyssal plain is one of the largest and least explored ecosystems on Earth, it is established as a major
reservoir of biodiversity and evolutionary novelty (Beaulieu 2001a and 2001b; O'Dor 2003).
The abyssal plain is flat and relatively featureless because its originally uneven surface of oceanic crust
has been blanketed by fine-grained sediments, such as clay and silt channeled down from the continental
margins along submarine canyons, dust blown out to sea from land, and the remains of small marine
plants and animals, known as pelagic sediment, that constantly rains down from the overlying water
column. This sinking detritus provides the primary source of nutrients for deep sea pelagic and bottomdwelling communities.
Deep benthic animals grow more slowly, live longer, and have smaller broods than animals living in
shallow waters (Airamé et al. 2003). Species of the abyss include mollusks, sea stars, brittlestars, sea
pens, and sea cucumbers. In many areas of the deep sea, brittlestars are so abundant that their feeding
behavior and high activity levels alter the ecology of benthic, soft-bottom communities.
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Figure 3.6-1: Cascadia Abyssal Plain and Oceanic Plates in the NWTRC
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Nearshore Habitats

Eight major nearshore habitats occur in the greater Puget Sound area: 1) islets and headlands; 2) rocky
intertidal areas; 3) bottom-dwelling algaes such as kelp forests; 4) seagrass beds; 5) soft substrate; 6)
estuarine and coastal salt marsh wetlands; 7) fjords, and 8) beaches (Levings and Thom 1994). Kelp beds
and eelgrass meadows cover the largest area, almost 300 nm2 (1,030 km2). Other major habitats include
sub-aerial and intertidal wetlands (50 nm2 [170 km2]) and mudflats and sandflats (70 nm2 [240 km2]).
The extent of some of these habitats has markedly declined over the last century.

x

Losses of intertidal habitat since European settlement have been nearly 60 percent for the greater
Puget Sound area and nearly 20 percent for the Strait of Georgia (Hutchinson 1988).

x

Four river deltas (the Duwamish, Lummi, Puyallup, and Samish) have lost more than 90 percent
of their intertidal marshes (Simenstad et al. 1982; Schmitt et al. 1994).

x

More than 75 percent of the wetlands in the greater Puget Sound area have been eliminated,
especially in estuaries near urban areas. Substantial declines of mudflats and sandflats have
occurred in deltas and estuaries (Levings and Thom 1994).

Benthic Invertebrates of Nearshore Habitats

Throughout the following sections, there are several references to “benthic invertebrates,” a large,
generalized group of bottom-dwelling creatures as diverse as microscopic copepods, crabs, and clams.
The Pacific Northwest is particularly rich in species diversity because it lies along the northern boundary
for many species that inhabit subtropical and temperate zones, and the southern boundary for many arctic
species (Miller et al. 1980). Seasonal surveys in the Strait of Juan de Fuca have identified nearly 200
species of invertebrates. The most diverse groups include decapod crustaceans (crabs, lobsters, and
shrimp), amphipods (small shrimp-like creatures), bivalves, barnacles, and gastropods (snails and slugs).
Less common groups include other shrimp-like creatures like isopods, mysids, and euphausids (krill), and
segmented bristleworms (polychaetes) (Fautin et al. 2002).
Geographically, species richness of benthic invertebrates in the Puget Sound increases from west to east,
with species diversity lower in the fall and highest in the spring, and abundance highest in fall and winter.
Distribution is governed primarily by sediment type, substrate type, and water depth, and secondarily by
geographical location (Chess and Hobson 1997, Laetz 1998, Llansó 1998).
Species of Concern

There are three marine invertebrate species of concern in the NWTRC Study Area – the Olympia oyster
(Ostreola conchaphila), a state species of concern; the Newcomb's littorine snail (Algamorda
subrotundata), a federal species of concern and a state candidate species; and the Northern abalone
(Haliotis kamtschatkana), also a federal species of concern and a state candidate species (WDFW 2008).
The current known distribution of Newcomb's littorine snail is on the shores of Grays Harbor and Willapa
Bay, WA; Coos Bay, OR; and Humboldt Bay, CA (Larson et al. 1995). Northern abalone is found
clinging to rocks among kelp beds in coastal waters from Alaska to California (IUCN 2008). Current
habitat is largely restricted to southern Puget Sound, Willapa Bay, and Grays Harbor. The Olympia oyster
is being managed under the Olympia Oyster Stock Rebuilding Plan (Cook et al. 1998). The habitats for all
of these species are far removed from the activities under the Proposed Action, so the topic is not retained
for analysis.
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Benthic Algae

Microalgae and macroalgae are abundant and diverse on the outer Olympic coast (OCNMS 1993) (Figure
3.6-2). For example, more than 120 species of algae have been identified just in the rocky intertidal areas
of the outer coast of Olympic National Park (Dethier 1988).
Microalgae primarily include benthic diatoms that coat rocks or live within the sediment. They are a
principal food source for many grazing animals such as gastropods (snails and sea slugs) and chitons
(McConnaughey 1970). Marine lichens, which are combinations of algae and fungus living symbiotically,
are found as thin veneers on rocks in the highest intertidal areas on exposed rocky areas.
Macroalgae are seaweeds that grow attached to a firm substrate from the intertidal region to as deep as
130 feet (40 m) (OCNMS 1993). The seaweeds are composed of three main phyla, including red algae
(Rhodophyta), green algae (Chlorophyta), and brown algae (Phaeophyta).
x

The 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 kelps.

x

Green algae inhabit the more protected marine and estuarine areas in Washington, primarily in
tidepools and rocky intertidal areas. They are less common in the exposed areas of the outer
coast. Green algae are the second most common vegetation in the intertidal areas of the Strait of
Juan de Fuca (Bailey et al. 1998).

x

Brown algae include the largest marine plants and are probably the most important macroalgae in
terms of primary productivity and direct economic value (Gardner 1981). Brown algae range
from the large kelps and sargassum (described below) to crusts on rocks and filaments living on
other algae.

Kelp

The most conspicuous benthic macroflora in the Pacific Northwest is brown algae commonly known as
kelp. The kelp beds in the Pacific Northwest are among the most extensive and elaborate in the world, and
the region supports the highest diversity of kelps in the world. Kelp attach to rocky substrates at subtidal
depths and form distinctive “kelp forests.” They grow in areas between three and 200 feet deep (two to 60
m) and may be more than 150 feet long (45 m), extending from the seafloor to surface. Kelp can grow up
to four inches per day (ten cm) and are among the most productive of marine plants (Dayton 1985).
Distribution and abundance of kelp are determined by temperature, light, sedimentation, substrate, relief,
wave exposure, nutrients, salinity, and biological factors such as grazing and competition with other
species (Dayton 1985). 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). They
also can be found on rocky reefs that occasionally experience severe wave action and tidal currents.
However, because kelp is sensitive to high levels of sunlight, they are uncommon in waters less than six
feet deep (2 m), even along protected shorelines (Rodríguez 2003).
Figure 3.6-2 shows the distribution of major kelp beds in the Puget Sound. Two species of brown algae
dominate, bull kelp (Nereocystis leutkeana) and giant kelp (Macrocystis intergrifolia). Kelp beds extend
into the Strait of Juan de Fuca to Crescent Rock, and some of the largest beds in the state are in the strait.
About 45 percent of the shoreline of the strait consists of kelp habitat, compared to only 11 percent of the
shoreline of the other four Puget Sound basins (Shaffer 1998). Kelp is uncommon in Dabob Bay and
northern Hood Canal, although kelp beds are present near the Hood Canal Bridge.
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Figure 3.6-2: Mixed Macroalgae, Sargassum, and Kelp – Pacific Coast and Puget Sound
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Within kelp forests, the kelp stems and blades, in concert with other species, form a multi-tiered habitat
from seafloor to surface that includes crustose turf, understory, and canopy layers that are used by many
other plant and animal communities. Kelp forests provide refuge, forage, and nursery areas to support
commercial and sport fish, invertebrates, marine mammals, and marine birds (Proctor et al. 1980;
Steelquist 1987; DoN 2002).
Kelp also provides secondary habitat benefits via drift kelp (detached kelp). Kelp forests provide large
quantities of drift kelp to adjacent habitats and provide an important resource to areas of soft and rocky
benthos, deep channel basins, sandy beaches, rocky shores, and coastal lagoons. For example, floating
kelp masses provide food and shelter for fish, and drift kelp that has been carried into nearshore areas
provides important nutrients to beach and rocky intertidal communities. A small portion of drift kelp
contributes to production in the deep sea by sinking through the water column and providing nutrients to
organisms on the continental shelf and slope and to deeper ocean zones (Airamé et al. 2003).
Kelp and seagrass beds provide important habitat for many species including some, such as the sea otter
(Enhydra lutris), that are species of concern (Foster and Schiel 1985). However, at this time, no areas
with these habitats have been designated as critical for any threatened or endangered species. In addition,
all activities under the Proposed Action would occur at least three nm offshore beyond the zone for such
habitat. In Puget Sound, proposed activities are some distance from these habitats and would not affect
them.
Sargassum

Sargassum (Sargassum muticum) is a non-indigenous brown algae from Asia that has been established in
the Pacific Northwest for decades (Figure 3.6-2). Sargassum colonizes cobble and rocky substrates in
lower and shallow subtidal habitats and occurs along approximately 18 percent of the Washington
shoreline. Sargassum is common along the shorelines of the Hood Canal, San Juan Archipelago, and
Strait of Georgia. It is least common along the outer coast. Little is known about its interaction with local
species (WDNR 2008).
Seagrass Beds

Seagrasses are submerged aquatic vegetation that form extensive underwater meadows or beds in shallow
water (Thayer et al. 1984). In the Pacific Northwest, eelgrass (Zostera marina) and surfgrass
(Phyllospadix spp.) are the dominant native seagrasses (den Hartog 1970). Eelgrass grows in shallow,
subtidal or intertidal unconsolidated sediments; surfgrass grows on wave-beaten rocky shores. Eelgrass is
the primary vegetation in the intertidal areas of the Strait of Juan de Fuca and Puget Sound, covering
more than 40 percent of the intertidal area (Bailey et al. 1998). The distribution of major eelgrass beds in
the Strait of Juan de Fuca and Puget Sound is shown in Figure 3.6-3.
Seagrass beds are among the most productive ocean habitats and are vital in sustaining coastlines,
fisheries, benthic invertebrates, marine mammals, reptiles, and waterfowl (Fonseca et al. 1998). They also
play an important role in nutrient regeneration and recycling, and carbon sequestration. Other important
functions include: 1) sustaining ecosystem productivity by trapping detritus and supporting bottomfeeders; 2) reducing coastline erosion by slowing currents and waves, stabilizing the substrate, and
promoting sedimentation; and 3) improving water quality by filtering sediments and sediment borne
pollutants, excess nutrients, and dissolved and particulate pollutants from terrestrial run-off (Brouns and
Heijs 1986; Phillips and Meñez 1988).
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Figure 3.6-3: Surfgrass and Eelgrass Beds – Pacific Coast and Puget Sound
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Soft Substrate

Rich invertebrate communities occur in the soft sediments of the Puget Sound, including clams, oysters,
starfish, and bristleworms (DoN 2002). Soft substrate, whether as sandy bottoms in deeper waters or
shoreline mud flats exposed at low tide, are important in supporting species, such as clams and oysters
that are important food sources for people and wildlife. Five species of shrimp are associated with soft
bottom habitats, although some species move up into the water column at night to feed (DoN 2002).
Many important commercial and recreational fisheries depend on the soft substrate habitats of the Puget
Sound. Areas with sandy sediments tend to have the most species, but the lowest biomass, and areas with
mixed sediments usually have the highest biomass (Lie 1974, Llansó 1998).
Clams and Oysters

Aquaculture depends on the soft substrate habitats of Puget Sound. Pacific oysters (Crassostrea gigas),
geoducks (pronounced “gooey duck”) – Panope abrupta, a large saltwater clam, and other clams are
cultivated in aquaculture activities in Puget Sound. 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.
Geoducks are the basis of an important commercial fishery in the Puget Sound where they are found in
lower intertidal to subtidal soft-bottom areas (DoN 2002).
Dungeness Crab

Dungeness crab plays an important role in the food chain as predator and prey in estuarine and marine
environments, and is one of the most commercially important species in the Northwest. Adult Dungeness
crabs (Cancer magister) can be found in waters as deep as 300 feet (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 substrates of intertidal eelgrass beds (DoN 2002). Two important juvenile crab production estuaries
are Willapa Bay and Grays Harbor in Washington State. Dungeness crab larvae and juveniles are
important food for a variety of fish, including rockfish, salmon, and sharks. Dungeness crab feed
primarily on fish, molluscs, and other crustaceans (PSMFC, no date).
Estuarine and Coastal Salt Marsh Wetlands

Wetlands form the transition zone between terrestrial and marine systems and perform vital functions of
preventing shoreline erosion, reducing flood damage, and improving water quality. Wetlands are
characterized by substrate that is inundated or saturated long enough to develop unique, hydric soils and a
characteristic plant community of water-loving plants (hydrophytes) (Cowardin et al. 1979). They
represent some of the most productive and diverse habitat on the planet and provide essential habitat for
80 percent of the world’s fish and shellfish. Benefits include providing feeding, nesting, shelter, high-tide
refuge, spawning grounds, and nursery habitats for numerous commercially and recreationally important
fish, birds, mammals, and invertebrates (Airamé et al. 2003).
Along the Washington Coast, marine and estuarine wetlands cover about 240 nm2 (825 km2) or about 22
percent of the total wetland acreage in the state (Lane and Taylor 1997). Major expanses of estuarine
wetlands exist around Grays Harbor and Willapa Bay along the coast, at the mouth of the Columbia
River, and around Skagit and Padilla Bays in the Puget Sound.
Fjords

Fjords are river valleys that were deepened by glaciers during the last ice age; they often are deeper than
2,300 feet (700 m). There are dozens of fjords in Puget Sound and along the Pacific Coast. Fjords make
the Puget Sound region the most complex nearshore ecosystem of the Pacific Northwest (Seliskar and
Gallagher 1983). As another type of rocky substrate, fjords provide extensive habitat to bottom-dwelling
creatures and communities. Leys et al. (2004) found nine species of glass sponges that inhabit the fjords
of British Columbia. These sponge communities exist on fjord walls and other bare rock surfaces.
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Hood Canal

Hood Canal is a glacial fjord that joins the main body of Puget Sound at Admiralty Inlet. The bathymetry
in Hood Canal is typical of fjord estuaries with a U-shape cross-section with steeply sloping walls that
become less steep at depth. The canal is 65 miles long (108 km), 1.5 miles wide (2.4 km) on average, and
ranges 150 to 600 feet deep (45 to 180 m). Much of the bottom is filled with unconsolidated glacial
sediments overlying volcanic bedrock. Two transverse sills exist north and south of Naval Base Kitsap
(NBK) Bangor about 100 feet below the surface (30 m). Water enters the canal from Admiralty Inlet
north of NBK-Bangor, creating southward flows during tidal flooding and a northward flow during an
ebbing tide. The tide is the dominant force establishing current flow in the Hood Canal region although
currents are also affected by winds, bathymetry, freshwater inflow, and density gradients (DoN 2001).
Except in the immediate vicinity of NBK-Bangor, nearshore and deeper habitats are largely intact. Given
the canal’s hard-rock walls, marine communities that require attachment are common. Although the sides
of Hood Canal drop steeply, tidal habitats are fairly extensive, including eelgrass. Sargassum is common
along the shorelines of the Hood Canal while kelp beds are less common in the northern portions. Given
this diversity of habitats, many of the invertebrate and plant communities groups noted previously are
found in Hood Canal. Hood Canal supports both commercial and recreational fisheries, and serves as an
important passageway and rearing area for migrating salmon and salmonid species. Other important
groups include bottom fish species (e.g., sole and Pacific cod) and shellfish (e.g., oysters, clams, and
Dungeness crab) (DoN 2001). Populations of Olympia oysters (Ostreola conchaphila), a federally-listed
species, are gradually recovering in Hood Canal (Peter-Contesse and Peabody 2005).
Beaches

Beach environments are intertidal zones of unconsolidated material that extend landward from the low
water line (Kozloff 1993). Wind and waves continually influence the deposition and erosion of sediments.
Beaches are often categorized into five zones:

x

The upper intertidal beach is submerged for a short time and exposed to the widest range of
temperatures. Animals inhabiting this zone rely on unpredictable and patchy food sources. This
zone is used as a breeding habitat by a variety of birds and pinnipeds.

x

The mid-littoral beach is alternately submerged and exposed for moderate periods of time.
Dominant species are usually highly mobile, such as isopods, sand crabs, and polychaetes.

x

The swash zone is submerged for approximately 12 hours per day.

x

The low intertidal zone is exposed for brief periods during the lowest tides and is dominated by
species that burrow into the sediments for protection.

x

The surf zone is constantly submerged and subjected to the motion of breaking waves. The
animals in the surf zone are subjected to nearly constant, intense physical agitation (Proctor et al.
1980; Airamé et al. 2003).

x

In the Pacific Northwest, protected beaches exist in low-energy environments and unprotected
beaches are exposed to constant, high-energy wave action. In the NWTRC Study Area, a two-part
beach profile is typical, with a steep foreshore of course sand or gravel and a lower-gradient
subtidal area of sand or mud.

Organisms in the Water Column

The abundance and distribution of zooplankton in the water column in various habitats in Puget Sound is
not well understood, although it is likely that zooplankton assemblages vary both seasonally and annually.
In general, the most numerically abundant zooplankton throughout the greater Puget Sound region are
microscopic crustaceans, such as calanoid and cyclopoid copepods. Larvae of tunicates, jellyfish, and
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bristleworms in varying numbers also are abundant during the year (Chester et al. 1980; Dumbauld 1985;
Ohman 1990; Giles and Cordell 1998). Abundance also varies by depth (Ohman 1990) and by type of
sediment (Lie 1974, Llans, et al. 1998).
3.6.1.4

Federally Protected Areas

Marine Protected Areas

“Marine protected areas” (MPAs) is a general term for natural and cultural marine resources that are
protected by federal, state, tribal, or local governments. One example is Admiralty Head Marine Preserve
on Whidbey Island, WA. There are many different kinds of MPAs, including national parks, wildlife
refuges, monuments and marine sanctuaries, critical habitat for species of concern, state parks, and
estuarine reserves. MPAs complement other management measures such as fishery regulations and
pollution controls. Each of these areas is afforded varying degrees of protection under law. Washington,
Oregon, and California also have several protected natural areas along their coasts.
Marine management areas (MMAs) are similar to MPAs, but encompass a wider range of management
intents, including geological, cultural, or recreational resources, plus security zones, shellfish closures,
sewage discharge areas, and pipeline and cable corridors. The primary difference between MPAs and
MMAs is the duration of the site. MMAs must provide yearly protection for at least three months out of
each year, and must provide a minimum of two years protection. MPAs must be designated with the
intention of becoming permanent. There are 28 MPAs within the boundaries of the NWTRC Study Area
(MPAC 2008).
Ocean training activities such as surface warfare and vessel-sinking under the Proposed Action would
occur at least three nm offshore. In addition, nearshore activities such as mine countermeasure training
are limited to areas in which those activities have been conducted in the past, such as Crescent Harbor.
Therefore, the materials expended during training and the explosions and impacts anticipated will not
affect these areas.
National Marine Sanctuaries

The national marine sanctuary system is administered by NOAA and protects special natural and cultural
resources. As shown in Figure 3.6-4, the Olympic Coast National Marine Sanctuary (OCNMS) is in the
Study Area. Significant features include undeveloped coastline, diverse nearshore marine habitats, and
abundant marine life, including whales, seals, sea otters, and migratory waterfowl. The sanctuary’s
management plan guides the activities and sets the goals of the sanctuary, including reducing threats to its
resources and ensuring water quality appropriate for those resources (MPAC 2008). The OCNMS EIS
was completed in November 1993, and recognized the prior use of the sanctuary for a variety of Navy
training activities (OCNMS 1993). Current regulations prohibit DoD from conducting bombing activities
within the sanctuary (15 CFR 922.152[d][2]).
3.6.1.5

Current Requirements and Practices

Environmental compliance policies and procedures of importance to saltwater ecosystems concern water
quality and habitat protection. Water quality in the ocean and nearshore areas is regulated by federal and
state programs. In addition, the International Convention for the Prevention of Pollution from Ships
(MARPOL 73/78) prohibits certain discharges of oil, garbage, and other substances from vessels. The
MARPOL convention is implemented by national legislation, including the Act to Prevent Pollution from
Ships (33 USC 1901, et seq.) and the Federal Water Pollution Control Act (“Clean Water Act”; 33 USC
1321, et seq.). These and other requirements are implemented by the Navy Environmental and Natural
Resources Program Manual (OPNAVINST 5090.1C, 2007) and related Navy guidance documents
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Figure 3.6-4: Location of Olympic Coast National Marine Sanctuary within the NWTRC
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related pollution prevention, waste management, and recycling. In addition to water quality measures
(see Section 3.3, Water Resources), measures that reduce potential impacts to saltwater ecosystems
include designated buffer zones for activities using explosive and non-explosive ordnance and positioning
of lookouts to survey for kelp beds or algal mats.
At sea, Navy vessels are required to operate in a manner that minimizes or eliminates any adverse impacts
to the marine environment. Environmental compliance policies and procedures applicable to shipboard
activities afloat are defined in the Navy environmental manual (DoN 2007), Chapter 4, “Pollution
Prevention,” and Chapter 22, “Environmental Compliance Afloat”; DoD Instruction 5000.2-R
(§C5.2.3.5.10.8, “Pollution Prevention”). In addition, provisions in Executive Order (EO) 12856, Federal
Compliance With Right-To-Know Laws and Pollution Prevention Requirements, and EO 13101, Greening
the Government through Waste Prevention, Recycling, and Federal Acquisition, reinforce the CWA’s
prohibition against discharge of harmful quantities of hazardous substances into U.S. waters out to 200
nm (371 km), and mandate stringent hazardous waste discharge, storage, dumping, and pollution
prevention requirements. Table 3.4-1 in the Water Resources section provides information on current
Navy requirements and protective measures for management, storage, and discharge of shipboard
materials and wastes.
3.6.2
3.6.2.1

Environmental Consequences
Approach to Analysis

Regulatory Framework – Federal

Impacts to wetlands, estuarine mud flats, and marine vegetated shallows are regulated under Section 404
of the Clean Water Act (33 USC 1251, et seq.) and Executive Order 11990, Protection of Wetlands.
Dredge and fill activities are permitted by the U.S. Army Corps of Engineers and the U.S. Environmental
Protection Agency (USEPA) (USACE 2008). Other provisions of the Clean Water Act are intended to
address water quality, such as excess nutrient, that can affect the health of estuarine habitat like seagrass
beds. The executive order directs federal agencies to minimize wetland loss and degradation resulting
from federal projects and land management activities.
The federal Coastal Zone Management Act (CZMA; 16 USC 1451, et seq.) is a voluntary federal-state
partnership that encourages states to adopt programs that meet federal goals of protecting and restoring
coastal zone resources, especially protecting coastal waters from nonpoint source pollution (16 USC
1455[b]). The program is administered by NOAA. The act requires participating coastal states to develop
management programs that demonstrate how states will carry out their obligations and responsibilities in
managing their coastal areas. Upon federal approval of a state’s coastal zone management program, the
state benefits by becoming eligible for federal coastal zone grants and by gaining review authority over
certain federal activities in the coastal zone and the consistency of those activities with the coastal zone
management plan. CZMA specifically excludes federal lands from state designation. For this study, NBKBangor and Naval Air Station Whidbey Island are excluded. However, federal consistency requirements
in the act (Section 307) require that federal activities be consistent with the management program to the
“maximum extent practicable.”
Regulatory Framework – State and Local Governments

Washington state law identifies saltwater habitat of concern, such as eelgrass beds and intertidal wetlands
and restricts times during which work can be conducted to accommodate fish migration and breeding.
Oregon’s Department of Land Conservation and Development administers the state’s coastal zone
management plan, its Ocean Resources Management Plan, and it sets specific protection and management
goals for estuaries, coastal shorelands, beaches, and ocean resources. In California, the State Water
Resources Control Board oversees the state’s “Ocean Plan” that, among other elements, identifies several
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“Areas of Special Biological Significance” along the coast. Please see the Water Resources section for
more detailed discussion of these state programs.
Study Area

The study area for consideration of impacts on marine plants and invertebrates includes the open ocean
west of Washington, Oregon, and northern California (PACNW OPAREA) and Puget Sound, specifically
underwater training areas at Crescent Harbor, Port Townsend Bay (Indian Island), and at Floral Point in
Hood Canal. Aircraft overflight and training activities are assumed to have no impacts to marine
communities, because impacts of sound on plants and invertebrates are unknown and difficult to quantify.
Sources of Information

To complete the analysis of marine plants and invertebrates in the Study Area, a systematic review of
relevant literature was conducted, including journals, technical reports published by government agencies,
work conducted by private businesses and consulting firms, and Department of Defense reports,
operational manuals, natural resource management plans, and current and prior environmental documents
for facilities and activities in the NWTRC Study Area. The literature and other information sources cited
are identified in Chapter 9, References.
Methods

Potential stressors to marine communities in the Study Area that would result from the Proposed Action
are limited to: 1) direct impacts to bottom-dwelling communities from materials expended during
training, or the accumulation of those materials; and 2) explosions on the sea surface, below the sea
surface, and on or near the bottom. Impacts to pelagic and benthic marine communities could include
destruction of bottom habitat, partial or complete burial of bottom habitat, or detrimental effects to federal
and state species of concern or their habitats. Some of the metals and other materials used during training
are hazardous, such as lead ballast and battery components. The impact of these materials on marine
water quality is discussed in Section 3.4, Water Resources.
Materials Expended during Training

Impacts on marine communities that may arise from materials expended during training were evaluated
based on the estimated amount of debris under each alternative, the geographic dispersion of the proposed
activities, and the resulting density of the debris.
Explosions

Alternatives were evaluated for long-term effects on marine communities that would result from
explosions, based on their force, location, and proximity to the bottom. Short-term effects, including
increases in local turbidity and the creation of shallow depressions in bottom sediments, were not
considered because they dissipate relatively quickly under the influence of ocean and tidal currents, windgenerated currents, and the natural sediment transport processes that operate continuously in the ocean
and in Puget Sound.
3.6.2.2

No Action Alternative

Activities under the No Action Alternative that may affect marine communities include materials
expended during training and explosions and impacts. This analysis reviews the circumstances under
which those expended materials and explosions may harm or substantially degrade the pelagic marine
communities or benthic communities in the Study Area.
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Expended Materials

Items expended during training include sonobuoys; parachutes and nylon cord; some towed, stationary,
and remote-controlled targets; inert munitions; and exploded and unexploded munitions, including
missiles, bombs, and shells. Materials include a variety of plastics, metals, and batteries. These materials
arise from: 1) missiles and torpedoes launched during MISSLEX, GUNEX, and SINKEX; 2) shells fired
during GUNEX, BOMBEX, and SINKEX; and 3) temporary, seasonal placement of a Portable
Underwater Tracking Range used during TRACKEX exercises. BOMBEX mostly involves the use of
inert training munitions, but explosives are used at times.
Unless otherwise noted in the discussion or the table, targets are not recovered. Most of these materials
are inert and dense, and will settle deep in bottom sediments, become covered by sediments, or become
encrusted by physical or biological processes. However, some of the metals and other materials such as
lead, lithium, and batteries, are hazardous. The impact of these materials on marine resources is discussed
in Section 3.3., Hazardous Materials, and Section 3.4, Water Resources.
For vessel-sinking exercises (SINKEX), the vessels used as targets are selected from a list of U.S. Navyapproved vessels that have been cleaned in accordance with USEPA guidelines. By rule, SINKEX is
conducted at least 50 nm offshore (90 km) and in water at least 6,000 feet deep (1,830 m) (40 CFR
229.2).
Detonated munitions used in mine countermeasure training produce negligible amounts of solid materials
because the bulk of the explosives are consumed in the explosion. The impact of these detonation byproducts is discussed in Section 3.4, Water Resources. The following discussion is presented according to
the materials expended during training in the PACNW OPAREA and in Puget Sound, specifically at
Crescent Harbor, at Floral Point in Hood Canal, and at Indian Island.
The Portable Underwater Tracking Range (PUTR) consists of seven electronics packages each
approximately 3 feet long (1 m) by 2 feet in diameter (0.6 m). Each package is powered by a D cell
alkaline battery. This array is used for coordinated undersea warfare training. It is capable of tracking
submarines, surface ships, weapons, targets, and unmanned underwater vehicles, and distributing the data
to sea- and land-based sites. The seven packages would be installed on the seafloor at least 3 nm (5.5 km)
from land in water 300 to 12,000 feet deep (90 to 3,650 m). The area covered would be up to 25 nm2 (86
km2). The packages are anchored to the seafloor by concrete or sand bags, each weighing approximately
300 pounds (136 kg). The system would be deployed for three months each year – approximately June
through August – and TRACKEX activities would be conducted for 10 days per month. The PUTR
equipment would be recovered when training is complete or at the end of the battery life. In either case,
the anchors would remain on the seafloor.
Open Ocean Habitats

The effect of materials expended during training in the PACNW OPAREA is assessed by the number of
expended items per unit area. Under the No Action Alternative, an estimated 94,953 items would be
expended in this area (Table 3.6-1). Based on a PACNW OPAREA size of 122,400 nm2 (420,163 km2)
and assuming an even distribution of activities, 0.8 items per nm2 per year (0.2 per km2) would be
deposited in the ocean. More than 60 percent of these items would be small caliber rounds.
Table 3.6-1 excludes mine countermeasure training in the Puget Sound. Please see the discussion below,
including Table 3.6-2. Additional materials expended during training include 500-600 smoke canisters,
208 to 220 marine markers, and 6 to 11 illuminating flares annually. These materials were dismissed from
further analysis because canisters are only used on land at specially-designated areas; and the majority of
the constituents in marine markers are consumed by heat and smoke, both of which dissipate in the air
and water. Any remaining materials from marine markers would lodge sink into bottom sediments or
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become encrusted by chemical processes or by marine animals. Phosphorus contained in the markers and
flares reacts with seawater to produce phosphoric acid, a variable, but normal, component of seawater.
Table 3.6-1: Training Materials Expended in the PACNW OPAREA – No Action Alternative
Type of Training Material

Number

Bombs

108

Missiles (excluding CATM-88c HARM)

10

Cannon Shells (20 mm)

7,200

Naval Gunshells (5-inch, 25mm, 57mm, 76mm)

18,656

Small Caliber Rounds (.50 caliber, 7.62mm)

59,724

EMATTs

121

TALDs

0

Sonobuoys

9,132

Torpedoes

1

Vessel Sinkings

1
Total

94,953

Pelagic Communities

Pelagic species, such as shrimp, are abundant, have high rates of reproduction, and are widely distributed,
both across the ocean surface and vertically in the water column. Because of these factors and the low
density of materials expended during training, negligible impacts are anticipated.
Deepwater Benthic Habitats

Specific conditions give rise to important deepwater benthic habitats such as the presence of hard
substrate, hot springs, and methane seeps. About 3 percent of the open ocean bottom in the Study Area
consists of hard substrates (DoN 2006, p2-52), and an undefined but smaller percentage of the area
provides other conditions necessary for reef development.
Most expended materials are inert, dense, and readily sink into existing sediments, become covered with
sediment over time, or become encrusted by chemical processes or by marine organisms that further
isolates them from the environment. Once deposited, the materials would not pose a hazard to benthic
communities. Because high quality habitat occupies only a small portion of the benthic environment,
there is a small potential for the communities to be affected by initial impact of expended materials.
However, injury or death could occur to bottom-dwelling organisms if struck.
The deposition of training materials on the ocean bottom under the No Action Alternative is judged to
have negligible impacts because: 1) expended materials are distributed widely enough that less than one
item would be deposited on the bottom per nm2; and 2) the majority of those items are small caliber
rounds that would have little impact. However, if important habitats were struck, especially in a
concentrated manner such as would occur with SINKEX, the localized impacts could be severe. These
communities usually have slow rates of recovery. On the other hand, over the long-term, such a vessel or
other object could also provide new, hard substrate for benthic communities to utilize.
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Nearshore Habitats

Materials expended during training in nearshore habitats primarily concern mine countermeasure training
(MCT) in designated areas at Crescent Harbor (EOD Crescent Harbor), Floral Point at NBK-Bangor
(EOD Floral Point), and west of Indian Island in Port Townsend Bay (EOD Indian Island). (“EOD”
stands for explosive ordnance disposal.) These areas have been used for MCT consistently for many
years. MCT trains personnel in the destruction of mines, unexploded ordnance, obstacles, and structures.
EOD personnel must re-qualify at least monthly in the preparation, placement, and detonation of
underwater explosives.
The sites at EOD Crescent Harbor and EOD Indian Island are from 1,000 to 7,200 feet from the nearest
shoreline (330 to 2,200 m) and the detonations typically occur in 50 to 60 feet of water (15 to 20 m) over
sandy or muddy bottoms. The MCT site at EOD Floral Point is about 600 feet offshore (183 m) and
charges are placed on a training structure that is 3 to 8 feet above the bottom (1 to 3 m) (NMFS 2008).
At Crescent Harbor where the bulk of training occurs, two blocks of the plastic explosive C-4 are
typically used per activity, one at the surface and one at or near the bottom. These charges are attached to
an inert mine. For instance, during floating mine demolition training at EOD Crescent Harbor, the charge
is attached to a clean, 55-gallon metal drum with one or two sand bags inside for ballast. Most of the
charges are contained in a copper, aluminum, or plastic housing. Although most of the solids are
consumed in the explosion, pieces of the mine and the explosive housing may remain. Personnel are
instructed to retrieve this debris from the seafloor (NMFS 2008).
Table 3.6-2 shows the number and the size of the explosive charges that would be expended annually at
each site under each alternative. In general, 2.5-pound explosives are used to demonstrate the ability of
personnel to set and detonate the explosive. The 20-pound explosive is used only for specialized training
when a disabled mine is retrieved for research and testing (NMFS 2008).
Table 3.6-2: Materials Expended During Mine Countermeasure Training – All Alternatives
Location

EOD Crescent Harbor

EOD Floral Point
EOD Indian Island

Charge
Size

No Action

Alternative
1

Alternative
2

< 2.5 lbs

3

0

0

2.5 lbs

45

2

2

5.0 lbs

1

0

0

20.0 lbs

4

0

0

2.5 lb

3

1

1

2.5 lbs

3

1

1

20.0 lbs

1

0

0

60

4

4

Total

Potential nearshore habitats of concern include eelgrass and kelp beds, but these habitats do not occur
within the MCT areas and none would be affected. Therefore, the analysis of impacts to such habitats is
not considered further.
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Explosions and Impacts

Under the No Action Alternative, activities involving explosions and impacts occur at or just below the
surface in the PACNW OPAREA, and at the surface and near the bottom at EOD Crescent Harbor, EOD
Floral Point, and EOD Indian Island in Puget Sound.

x

Sea surface explosions and impacts include missiles and torpedoes launched and bombs dropped
during BOMBEX and SINKEX; and shells fired during GUNEX, BOMBEX, and SINKEX.

x

Subsurface explosions involve the use of explosive sonobuoys used during TRACKEX, and
detonated munitions used as part of mine countermeasure training.

x

Explosions near the marine bottom involve the detonation of munitions as part of mine
countermeasure training.

Open Ocean Habitats

The effect of explosions and impacts in the Study Area is based on the number and force of explosions
and inert munitions in proximity to pelagic and deepwater benthic habitats. Under the No Action
Alternative an estimated 94,953 explosions and impacts would occur in the open ocean portion of the
NWTRC Study Area (Table 3.6-1). More than 60 percent of these would be small caliber rounds. This
excludes mine countermeasure training in the Puget Sound. All of the explosions and impacts listed in
Table 3.6-1 would occur at or near the surface. When averaged across the entire open ocean portion of the
Study Area (122,420 nm2 [420,163 km2]), 0.8 explosions and impacts would occur per nm2 (0.2 per km2)
per year.
Pelagic Communities

Pelagic species, whether plankton or large invertebrates, are most common in the surface and near-surface
layers of the open ocean. Therefore, any surface or near-surface explosions or impacts have the potential
to kill or harm individual animals and plants in the immediate vicinity. However, the shock waves from
such explosions attenuate quickly. In situations where an explosion or impact occurred in an area with a
high concentration of individuals, the extent of death or harm would be greater than in a more barren area.
However, pelagic species are abundant, have high rates of reproduction, are widely distributed, both
across the ocean surface and vertically in the water column, and their distribution tends to be patchy
rather than uniform. Because of these factors and the very low density of explosions and impacts that
would be associated with the No Action Alternative, negligible impacts are anticipated.
Deepwater Benthic Habitats

All of the explosions and impacts listed in Table 3.6-1 would occur at or near the surface of waters that
average 650 feet deep (200 m) over the continental shelf and several thousand feet deep over the abyssal
plain. In such settings, the shock waves from explosions and impacts at or near the surface would
attenuate before reaching bottom-dwelling coral and sponge reefs. Thus, adverse impacts are not
considered likely under the No Action Alternative.
Nearshore Habitats

As indicated in Table 3.6-2, there would be 60 underwater detonations under the No Action Alternative.
These explosions would be of various sizes and would occur at EOD Crescent Harbor (86%), EOD Floral
Point (7%), and EOD Indian Island (7%). Potential nearshore habitats of concern include eelgrass and
kelp beds, but these habitats do not occur within the MCT areas, none would be affected, and nor would
any of the communities they support. Explosions at or near the surface or the bottom could harm benthic
invertebrates and other invertebrates living in the water column. The degree of harm, including death,
would depend on the organism’s proximity to the explosion. Given the generally disturbed nature of these
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MCT sites, the small number of MCT exercises each year, and the small area in which the exercises are
concentrated, impacts would be negligible.
3.6.2.3

Alternative 1

Materials Expended During Training
Open Ocean Habitats

Under Alternative 1, an estimated 105,453 items would be expended in the open ocean portion of the
NWTRC Study Area, an 11 percent increase over the No Action Alternative (Table 3.6-3). Based on an
open ocean area of 122,400 nm2 (420,163 km2) and assuming an even distribution of activities, 0.9 items
per nm2 (0.3 per km2) per year would be deposited in the ocean. More than 60 percent of these items
would be small caliber rounds. The number of vessel sinkings would increase from one to two.
Table 3.6-3: Training Materials Expended in the PACNW OPAREA – No Action and Alternative 1
No Action
Type of Training Material

Number

Alternative 1
Number

Numerical
Increase

Percent
Increase

Bombs

108

144

36

33

Missiles (excluding CATM-88c HARM)

10

35

25

250

Cannon Shells (20 mm)

7,200

8,000

800

11

Naval Gunshells (5-inch, 25mm, 57mm, 76mm)

18,656

21,351

2,695

14

Small Caliber Rounds (.50 caliber, 7.62mm)

59,724

66,360

6,636

11

121

126

5

4

0

11

11



Sonobuoys

9,132

9,422

290

3

Torpedoes

1

2

1

100

EMATTs
TALDs

Vessel Sinkings
Total

1

2

1

100

94,953

105,453

10,500

11

Pelagic Communities

Pelagic species are abundant, have high rates of reproduction, and are widely distributed, both across the
ocean surface and vertically in the water column. Because of these factors and the low density of
materials expended during training, negligible impacts are anticipated from Alternative 1 (same as the No
Action Alternative).
Deepwater Benthic Habitats

High-value deepwater benthic habitats of coral and sponge reefs represent a small percentage of the total
bottom environment in the Study Area. However, the chances of adversely affecting these habitats with
materials expended during training would be minimal under Alternative 1. The deposition of training
materials on the ocean bottom under Alternative 1 is judged to have negligible impacts because: 1)
expended materials are distributed widely enough that less than one item would be deposited on the
bottom per nm2; and 2) the majority of those items are small caliber rounds that would have little impact.
However, if such habitats are struck by a very large, heavy object such as a vessel sent to the bottom
during SINKEX, the localized impacts could be severe given the slow rates of recovery of deepwater
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communities. On the other hand, over the long-term, such a vessel or object could also provide new, hard
substrate for benthic communities to utilize.
Nearshore Habitats

In April, 2008, the Navy decided to relocate Explosive Ordnance Disposal Mobile Unit Eleven (EODMU
Eleven) forces out of the NWTRC Study Area to Imperial Beach, CA. This move is planned to be
completed in the fall of 2009. Two EOD Shore Detachments (Bangor and Northwest) will remain in the
NWTRC. These Shore Detachments report to Commander, Navy Region Northwest and respond to
regional Navy taskings and incidents. As a result of the EODMU Eleven relocation, mine warfare
underwater detonation training will decrease from a yearly maximum of 60 underwater detonation as
analyzed in the No Action Alternative (the baseline) to no more than four annual underwater detonation
as analyzed in Alternatives 1 and 2, a decline of over 90 percent. The maximum charge size would be 2.5
pounds.
Potential nearshore habitats of concern include eelgrass and kelp beds, but these habitats do not occur
within the MCT areas and none would be affected. Little solid material remains during these activities
because the bulk of the explosives are consumed in the explosion. Personnel are instructed to retrieve the
pieces of inert mine and the housing that settle on the bottom. Based on these factors, impacts under
Alternative 1 would be negligible.
Explosions and Impacts
Open Ocean Habitats

As shown in Table 3.6-3, an estimated 105,453 explosions and impacts would occur in the PACNW
OPAREA under Alternative 1, an increase of 11 percent over the No Action Alternative. Over 60 percent
of these items would be small caliber rounds. When averaged across the open ocean portion of the Study
Area (122,400 nm2 [420,163 km2]), there would be about 0.9 explosions and impacts per nm2 (0.3 per
km2) per year.
Pelagic Communities

Based on the abundance and wide-spread distribution of pelagic species, the effects of explosions and
impacts under Alternative 1 would be negligible (same as the No Action Alternative).
Deepwater Benthic Habitats

Because all explosions and impacts in the open ocean would occur at or near the surface, the impacts to
deepwater benthic habitats under Alternative 1 would be negligible (same as the No Action Alternative).
Nearshore Habitats

As noted above, the number of underwater detonations under Alternative 1 would decrease from 60 per
year to 4, and the maximum charge size would be 2.5 pounds. Because eelgrass and kelp beds do not
occur within the MCT areas, Alternative 1 would not result in any adverse effects on these plants and the
communities they support. Explosions at or near the surface or the bottom could harm invertebrates. The
degree of harm, including death, would depend on the organism’s proximity to the explosion. Given the
generally disturbed nature of the MCT sites, the small number of MCT exercises, and the small area in
which the exercises are concentrated, impacts would be negligible.
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Alternative 2

Materials Expended During Training
Open Ocean Habitats

Under Alternative 2, an estimated 183,067 items would be expended in the PACNW OPAREA, an
increase of 93 percent over the No Action Alternative (Table 3.6-4). Based on an open ocean area of
122,400 nm2 (420,163 km2) and assuming an even distribution of activities, 1.5 items per nm2 (0.4 per
km2) per year would be deposited in the ocean. More than 65 percent would be small caliber rounds. The
number of vessel sinkings would increase from one to two.
Table 3.6-4: Training Materials Expended in the PACNW OPAREA – No Action and Alternative 2
No Action
Type of Training Material

Number

Alternative 2
Number

Numerical
Increase

Percent
Increase

Bombs

108

144

36

33

Missiles (excluding CATM-88c HARM)

10

57

47

470

Cannon Shells (20 mm)

7,200

16,000

8,800

122

Naval Gunshells (5-inch, 25mm, 57mm, 76mm)

18,656

37,343

18,687

100

Small Caliber Rounds (.50 caliber, 7.62mm)

59,724

119,720

59,996

100

121

126

5

4

EMATTs
TALDs

0

22

22



Sonobuoys

9,132

9,651

519

6

Torpedoes

1

2

1

100

Vessel Sinkings
Total

1

2

1

100

94,953

105,453

88,114

93

Pelagic Communities

Pelagic species are abundant, have high rates of reproduction, and are widely distributed, both across the
ocean surface and vertically in the water column. Because of these factors and the low density of
materials expended during training, negligible impacts are anticipated under Alternative 2 (same as the
No Action Alternative).
Deepwater Benthic Habitats

High-value deepwater benthic habitat represents a very small percentage of the total bottom environment
in the Study Area. However, the chances of adversely affecting these habitats with materials expended
during training would be minimal under Alternative 2. The deposition of training materials on the ocean
bottom under Alternative 2 is judged to have negligible impacts because: 1) expended materials are
distributed widely enough that less than two items would be deposited on the bottom per nm2; and 2) the
majority of those items are small caliber rounds that would have little impact. However, if such habitats
are struck by a very large, heavy object such as a vessel sent to the bottom during SINKEX, local impacts
could be severe, especially given the slow rate of recovery of deepwater benthic communities. On the
other hand, such a vessel or other object could also provide new, hard substrate for benthic communities
to utilize.
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Nearshore Habitats

Like Alternative 1, the Navy has decided to relocate Explosive Ordnance Disposal Mobile Unit Eleven
(EODMU Eleven) forces out of the NWTRC Study Area to Imperial Beach, CA. This move is planned to
be completed in the fall of 2009. Two EOD Shore Detachments (Bangor and Northwest) will remain in
the NWTRC. These Shore Detachments report to Commander, Navy Region Northwest and respond to
regional Navy taskings and incidents. As a result of the EODMU Eleven relocation, mine warfare
underwater detonation training will decrease from a yearly maximum of 60 underwater detonation as
analyzed in the No Action Alternative (the baseline) to no more than four annual underwater detonation
as analyzed in Alternatives 1 and 2, a decline of over 90 percent. The maximum charge size of would be
2.5 pounds.
Potential nearshore habitats of concern include eelgrass and kelp beds, but these habitats do not occur
within the MCT areas and none would be affected. Little solid material remains during these activities
because the bulk of the explosives are consumed in the explosion. Personnel are instructed to retrieve the
pieces of inert mine and the housing that settle on the bottom. Based on these factors, impacts under
Alternative 2 would be negligible.
Explosions and Impacts
Open Ocean Habitats

Under Alternative 2, an estimated 183,067 explosions and impacts would occur in the open ocean portion
of the Study Area, an increase of 93 percent over the No Action Alternative (Table 3.6-4). Over 65
percent of the items would be small caliber rounds. When averaged across the open ocean portion of the
Study Area (122,400 nm2 [420,163 km2]), there would be 1.5 explosions and impacts per nm2 (0.4 per
km2) per year.
Pelagic Communities

Based on the abundance and wide-spread distribution of pelagic species, the effects of explosions and
impacts under Alternative 2 would be negligible (same as the No Action Alternative).
Deepwater Benthic Habitats

Because all explosions and impacts in the open ocean portion of the Study Area would occur at or near
the surface, the impacts to deepwater benthic habitats under Alternative 2 would be negligible (same as
the No Action Alternative).
Nearshore Habitats

As noted above, the number of underwater detonations under Alternative 2 would decrease from 60 per
year to 4, and the maximum charge size would be 2.5 pounds. Because eelgrass and kelp beds do not
occur within the MCT areas, Alternative 2 would not result in any adverse effects on these plants and the
communities they support. Explosions at or near the surface or the bottom could harm invertebrates. The
degree of harm, including death, would depend on the organism’s proximity to the explosion. Given the
generally disturbed nature of the MCT sites, the small number of MCT exercises, and the small area in
which the exercises are concentrated, impacts would be negligible.
3.6.3

Mitigation Measures

As summarized in Section 3.6.4, the actions proposed under the alternatives described in this EIS/OEIS
would have minimal impacts on the marine plant and invertebrate communities of the NWTRC. The
Navy would continue to implement protective measures that limit impacts to these resources. Therefore,
no additional resource-specific mitigation measures would be required. See Chapter 5 for additional
discussion of mitigation measures.
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Summary of Effects by Alternative

The proposed action alternatives would have negligible adverse impacts on marine plant or invertebrate
resources in the Study Area. These effects would be related to ordnance use and expended materials, and
would not be anticipated to be measurable, given the large area over which activities occur and the
dynamic nature of the marine environment of the NWTRC. Table 3.6-3 summarizes the effects of the
alternatives.
Table 3.6-5: Summary of Effects – Marine Plants and Invertebrates
Alternative

NEPA
(U.S. Territorial Waters)

EO 12114
(Non-U.S. Territorial Waters)

x Releases of munitions constituents from
explosives and ordnance used during training
exercises have no substantial impacts.

x Munitions constituents and other
materials from training activities have
minimal effects.

Alternative 1

x Impacts generally the same as under the
No Action Alternative.

x Impacts generally the same as under the
No Action Alternative.

Alternative 2
(Preferred
Alternative)

x Impacts generally the same as under the
No Action Alternative.

x Impacts generally the same as under the
No Action Alternative.

No Action
Alternative
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