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3.4 INVERTEBRATES

AR
PREFERRED ALTERNASVKDPSIS

The United States Department of the Navy considered all potential stressors that invertetwatdte
exposed to from the Proposed Action. The following conclusions have been reached for the Preferred
Alternative(Alternative 1):

9 AcousticsInvertebrates could be exposed to noise from the proposed training and testing
activities. However, availédinformation indicates that invertebrate sound detection is primar
limited to low frequency (less than 1 kilohertz [kHz]) particle motion and water movement that
diminishes rapidly with distance from a sound source. The expected impact of noise on
invertebrates is correspondingly diminished and mostly limited to offsisoréace layers of the
water column where only zooplankton, squid, and jellyfish are prevalent mostly at night when
training and testing occuess frequentlylnvertebrate populationgre typically lower offshore,
where most training and testing occurs, than inshore due to the scarcity of habitat structure and
comparatively lower nutrient level&€xceptions occur at nearshore aimghorelocations where
occasional pierside sonar, airrguor pile driving actions occur near relatively resilient soft
bottom or artificial substrate communities. Because the number of individuals affected would be
small relative to population numbers, populatidevel impacts are unlikely

1 ExplosivesExplosives produce pressure waves that can harm invertebrates in the vicinity of
where they typically occur: mostly offshore surface waters where zooplankton, squid, and
jellyfish are prevalent mostly at night when training and testiith explosiveglo not typically
occur.Invertebrate populations are generally lower offshore than inshore due to the scarcity of
habitat structure and comparatively lower nutrient leveixceptions occur where explosives are
used on the bottom within nearshore arshorewaters on or near sensitiveve hard bottom
communities. Soft bottom communities are resilient to occasional disturbances. Due to the
relatively small number of individuals affected, populatlexel impacts are unlikely

1 Energy The proposeactivities would produce electromagnetienergythat briefly affecsa very
limited area of water, based on the relatively weak magnetic fields and mobile nature of the
stressors. Whereas some invertebrate species can detect magnetic fielads$fabehasonly
been dcumented at much higher field strength than what the propoaetivitieswould
generate.High-energy lasers can damage invertebratdswever the effects are limited to
surface waters where relatively few invertebrate species occur (e.g., zooplanktad, sq
jellyfish) mostly at night when actions do not typically occamd onlywhenthe target is missed.
Due to the relatively small number of individuttist may beaffected, populatiodevel impacts
are unlikely.

1 Physical Disturbance and Strilkevertebrates could experience physical disturbance and strike
impacts from vessels and-imater devices, military expended materials, seafloor devices, and
pile driving. Most risk occurs offshore (where invertebrates are less abundant) and near the
surface whee relatively few invertebrates occur during the day when actions are typically
occurring. The majority of expended materials are used in areas far from nearshore and inshore
bottom areas where invertebrates are the most abundant. Exceptions occur fonadt&ing
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9 Physcal Disturbance and Strike (continuegd)ace within inshore and nearshore waters over
primarily soft bottom communities, such as related to vessel transits, inshore amghwea
vessel training, nearshore explosive ordnance disposal training, operation of boteting
seafloor devices, and pile driving. Invertebrate communities in affected soft bottom areas are
naturally resilient to occasional disturbances. Accordinuhpulationtlevel impacts are unlikely.

I Entanglementinvertebrates could be entangled by various expended materials (wires, cables,
decelerators/parachutes, biodegradable polymer). Most entanglement risk occurs in offshore
areas where invertebrates are relatively less abundant. The risk of entanglinteimates is
minimized by the typicallimearnature of the expended structures (e.g., wires, cables), althot
decelerators/parachutes have mesh that could pose a riskdseinvertebratesthat arelarge
and slow enough to be entangled (e.g., jellyfish¢epwater coral could also be entangled by
drifting decelerators/parachutes, buib-occurrencds highly unlikely given the extremely sparse
coverage of corals in the deep ocean. Accordingly, populdd¢iesl impacts are unlikely.

9 Ingestion Small expeded materials and material fragments pose an ingestion risk to some
invertebrates. However, most military expended materials are too large to be ingested, and
many invertebrate species are unlikely to consume an item that does not visually or chemically
resemble its natural food. Exceptions occur for materials fragmented by explosive charges or
weathering which could be ingested bijter- or depositfeeding invertebratesingestion of such
materials would likely occur infrequently, and only invertebrdtesated very close to the
fragmented materials would potentially be affectdelirthermore, the vast majority dfuman
depositedingestible materials in the ocean originate from Rwmilitary sources. Accordingly,
populationlevel impacts are unlikely.

I SecondarySecondary impacts on invertebrates are possible via changes to habitats (sedim
water) and to prey availability due to explosives, explosives byproducts, unexploded munitions,
metals, and toxic expended material components. Other than botpbaced explosives, the
impacts are mostly in offshore waters where invertebrates are less abundant. The impacts of
occasional bottorplaced explosiveare mostly limited to nearshore soft bottom habitats that
recover quickly from disturbanc&ollowing e&tonation, concentrations of>@losive byproducts
are rapidly dilutedo levels that are not considered toxic to marine invertebratesthermore,
most explosive byproducts are common seawater constituedtsmtaminationeachingfrom
unexploded munitionss likely inconsequential because the material has low solubility in
seawater and is slowly delivered to the water column. Heavy metals and chemicals such as
unspent propellants can reach harmful levels around stationary range targets but are notlik
vast open waters where proposed action targets are typically mobile or temporarily stationary.
Accordingly, overall impacts of secondary stressors on widespread invertebrate populations are
not likely. Impacts due to decreased availability of prey itéiiss and other invertebrates)
would likely be undetectable.
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3.4.1 INTRODUCTION

This chapter provides the analysis of potential impactsnamineinvertebrates found in the
HawaitSouthern California Training and Testing (HSTT) Study Area (Study Area)tiBmgpsovides an
introduction to the species that occur in the Study Area.

The affected environment provides the context for evaluating the effects of the Navy training and
testingactivitieson invertebrates. Because invertebrates occur in all habitasyities that interact

with the water column or the bottom could potentially impact many species and individuals, including
microscopic zooplankton (e.g., invertebrate larvae, copepods, protozoans) that drift with currents, larger
invertebrates livingri the water column (e.g., jellyfish, shrimp, squid), and benthic invertebrates that

live on or in the seafloor (e.g., clams, corals, crabs, worms). Because many benthic animals have limited
mobility compared to pelagispecies activities that contact the bottom generally have a greater

potential for impactActivities that occur in the water column generally have a lesser potential for

impact due to dilution and dispersion of some stressors (e.g., chemical contaminants)tigiadefting

of small invertebrates out of an impact area, and the relatively greater mobility of open water
invertebrates large enough to actively leave an impact area

The following subsections provide brief introductions to the major taxonomic grangthe

Endangered Species AESAlisted species of marine invertebrates that occur in the Study Area. The
National Oceanic and Atmospheric Administra@National Marine Fisheries Service (NMFS) maintains
a website that provides additional informatian the biology, life history, species distribution (including
maps), and conservation of invertebrates.

3.4.2 AFFECTED ENVIRONMENT

Three subsections are included in this section. General background information is geetidn
3.4.2.1(General Backgroundyvhich provides summaries of habitat usepvement andbehavior,sound
sensing and productiorgnd threats that affect or have the potential to aftenatural communities of
marine invertebrates within the Study Aregpecies listed under the ESA are described in Se8tiha.2
(Endangere@®pecies Aetisted Speciesizeneral types of marine invertebrates that are not listed under
the ESA are reviewed in Secti®d.2.3(Species Not ied Under the Endangered Species Act)

3.4.2.1 General Background

Invertebrates, which are animals without backbones, are the most abundant life form on Earth, with
marine invertebrates representing a large, diverse group with approximately 367,000 speciebatbscri
worldwide to date(World Register of Marine Species Editorial Board, 2(H6&vever, it is estimated

that most existing species have not yet been descrithédra et al., 2011)The total number of

invertebrate species that occur in the Study Area is unknown, but is likely to be many thouishads
results of aesearch effort to estimate the number ofarineinvertebrate species in various areas
identified nearly 6,000 species in the Insular Pacific Haaajel marine ecosystem and over

8,000species in the California Current large marine ecosygfteamtin et al., 2010)nvertebrate species
vary in their use of abiotic habitats and some populations are threatened by human activities and other
natural changes, espedijaendangered species.

Marine invertebrates are important ecologically and economically, providing an important source of
food, essential ecosystem services (coastal protection, nutrient recycling, food for other animals, habitat
formation), and income &m tourism and commercial fisheri¢Spalding et al., 2001The health and
abundance of marine invertebrates are vital to the marine ecosystem and the sustainability of the
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world@ fisheriegPauly et al., 2002FEconomically important invertebrate groups that are fished,
commercially and recreationally, for food in the United Statedudecrustaceans (e.g., shrimps,
lobsters, and crabs), bivalves (e.g., scallops, clams, and oystdrislpderms€.g.,sea urchins and sea
cucumber$, and cephalopods (e.g., squids and qutses)Chuenpagdee et al., 2003; Food and
Agriculture Organization of the United Nations, 2005; Pauly et al., 2M#)ne invertebrate®r the
structures they forn{e.qg., shells and coral colonjese harvested fomany purposes includingwelry,
curios, andhe aquarium tradeln addition,somemarine invertebrates are sources dfiemical
compounds with potential medical applications. Natural products have been isolated from a variety of
marine invertebrates and have shown a wide range of therapeutic propenielsding antimicrobial,
antioxidant, antinypertensive, anticoagulananticancer, antinflammatory, wound healing and
immune modulaion, and other medicinal effeci®eZoysa, 2012)

3.4.2.1.1 Habitat Use

Marine invertebrates live in all of the wo@oceans, from warm shallow waters to cold deep waters.
They inhabit the bottom andll depths of thewvater column in both large marine ecosystertrss(ilar
PacifieHawaiian andCaifornia Current) andhe open-ocean area (North Pacific Subtropical Gyha}
occurin the Study AreéBrusca & Brusca, 2008Jany species that occur in the water column aaigher
microscopic or not easily observed with the unaided eye (e.g.ppoatns, copepods, and the larvake
larger invertebrate speciesMany invertebrates migratéo deeper waters during the day, presumably
to decrease predation risklowever, some invertebratesuch asomejellyfish and squidgpeciesmay
occurin various portions of the water column, includingarthe surface at any time of dayin addition,
under certain oceanographic conditiorther types of invertebrates (e.goglagic crabs and ke-

wind sailorsYelella velell mayoccurnear the surface during the dayhe Study Area extends from

the bottom up to the mean high tide line (often terme@nean high water in literature). The description
of habitat use in this section pertains to common marine invertebrates found in the different habitats.
This section also identifies marine invertebrates tfwaitn persistenthabitats, which are consideretb

be structures that do not quickly disintegrate or become incorporated into soft or intermediate
substrate after the death of the organisfiihe principal habitafiorming invertebrates are corals and
shellfishspecieqe.g., oysters, mussels). In a stgense, individual invertebrates with hard shells (e.qg.,
molluscs), outer skeletons (e.g., crabs), tubes (e.g., annelid worms), or cavities (e.g., sponges) also may
be habitatforming, providing attachment surfaces or living spaces for other organiEnesbiotic
(nonliving) components of all habitat types are addressed in Section 3.5 (Habitats), and marine
vegetation components are discussed in Section 3.3 (Vegetation).

Marine invertebrate distribution in the Study Area is influenced by habitat @bipfic substrate,
topography, biogenifformed by living organism$gatures), ocean currents, and physical and water
chemistry factors such as temperature, salinity, and nutrient confieatvinton, 2009)Distribution is
also influenced by distance frorhd equator (latitudelnd distance from shordn general, the number
of marine invertebrate specigspecies richnes#)creases toward the equatgCheung et al., 2005;
Macpherson, 20025peciesichness anaverallabundancearetypically greatein coastdwater
habitats comparedo the open oceardue tothe increased availability dbod and protection that
coastal habitats providé_evinton, 2009)

The diversity and abundance of Arthropoda (e.g., crabs, lobsters, and barnacles) and Mollusca (e.g.,
snailsclams, and squidjre highest on the bottom over the continental shelf due to high productivity
andavailability ofcomplex habitats relative to typical sdfbttom habitat of the deep oceafKarleskint

et al., 2006) Organisms occurring in the bathyal and abyssal zones of the ocean are generally small and
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have sparse populatioridybakken, 1993)The deep ocean has a limited food supply for sedentary
deposit or filter feeders. The only areas of the deep ocean known to be densely populated are
hydrothermal vents and cold seeps (referSection 3.5Habitats, for additionalinformationon
thesefeatures.

Sandy coastal shores are dominated by spediasdre adapted to living in shifting substrates, many of
which are highly mobile and can burrolm.Hawaii, nole crabgspecies hame was not provided in the
report, but waspresumably the Pacific mole craBippa pacifica polychaete worms, andugersnals
(Terebraspeciesere identified as common specigsthe swash zonef sandy beache@Hawaii
Department of Land and Natural Resources, 198@))diesof coastalocationson Moloka (primarily
rockyintertidal areas but also including some sand patchdsitified variousrabs, amphipods,
isopods, worms, and molluscs as observed or expected sp&mesvin & Bolick, 2008inton &
Carnevale, 2006Common invertebratesf southern Californideachesncludecommonsandcrab
(Emerita analogpand a variety ofsopods, amphipoddivalves snails, wormsandinsects(Dugan et

al., 2000; Dugan et al., 201®landsoft shoresconsist of mud flats and sand flats that occur in areas
sheltered fromstrong currents and wave&oft shore habitats may support a wide variety of invertebrate
species includingrabs, shrimp, clams, snails, and numerous species of weohghaete worms and
crabsare common invertebrates on tidal mud flatsHawaii(U.S. Fish and Wildlife Servi2@11)
Invertebrates documented in tidal flats in southern Californ@udenumeroustaxa of worms,
crustaceans, and mollus€Balley et al., 2000; Thompson et al., 19¥3liforma horn snail Cerithidea
californicg is the dominant invertebrate of mud flats.

Intermediate(e.g., cobble, grave§nd rocky shores provide habitat for a variety of marine invertebrates
(e.g., sea anemones, barnacles, chitons, limpets, mussels, urchins, sea stars, sponges, tunicates, and
various worms). Rocky intertidal invertebrat@sy beattached or free livingmobile, and usevarious
feedingstrategies (filterfeeders, herbivores, carnivores, scavengeMany invertebrates occurring in

rocky intertidal zonesre preyed upon by fish, birdand other invetebrates The black abalone

(Haliotis cracherodiiand whiteabalone Haliotis sorensehiwhichare listed agndangered species

under the ESAgccur infrequentlyin southernCalifornia rocky intertidadnd subtidahabitats(see
Section3.4.2.2.1 Black AbaloneHaliotis cracherodiiand Sectior8.4.2.2.2 White AbaloneHlaliotis
sorenserj). Hard artificial structures such as pier pilings and seawalls can have a community of
invertebrates that is similar to that of rocky habitats.

Vegetated labitats, such as eelgrass in embayments and protectechsdtitm coastal areas, surfgrass
on rocky intertidal and nearshore subtidal habitat, and kelp forests in nearshore subtidal habitats
supporta wide varietyof marine invertebratespecies Eelgrasprovides importanthabitat for

invertebrates in southern Californ{Bernstein et al., 2011 More than 50 species of invertebrates occur
in surfgrass bedsf@an Diego Countptewart & Myers, 1980Burfgrass also serves as the primary
nursery habitat for the commercially important California spiny lobdean{iliris interruptus Several
hundred species of invertebrates have been reported in giant kelp forests of California, in association
with rocky substratum, kelp holdfasts, and as epiphytes on kelp bigaester & Schiel,
1985)Conspicuous or commonly observed invertebrates in kelp forests include cnidarians (sea
anemones, gorgonian sea fans), sponges, arthropod crustaceans (cbifogni@a spiny lobster),

molluscs @balone keyhole limpet, octopus, nudibranchs, sea hares), echinoderms (sea cucumbers, sea
stars, sea urchins), and tunicates.

Rocky reefs and other rocky habitats may odowubtidalzones Invertebrate species composition
associated with rocky subtidal habitats may be influenced by depth, size, and structural complexity of
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the habitat.Hundreds of invertebrate species may occur in rocky habitats, which provide attachment
sites for sessil@attached to thebottom) species such as barnacles, bryozoans, limpets, sea anemones,
sea fans, sponges, and tunicates, among others. Other invertebrates move about or shelter in crevices,
including crustaceans (e.g., crabs, lobsters), echinoderms (ette btars, sea cucumbers, sea urchins,
sea stary and molluscs (e.g., snails, nudibranchs, sea hares, octopus).

Shallowwater coral reefs are formed bpdividualcorakwith symbiotic, structurgorming algae that
require both light and a mean annual teatemperature greater than about 64 degrees Fahrenheit
(National Ocean Service, 2016b; Nybakken, 1933 llowwater corals occur in the euphotic zone,
which is the upper layer @dhe ocean where light levels are sufficient to support photosynthesis in the
symbiotic algae. Shallowater coral species typically occur in water depths less than 30 meters (m).
Shallowwater cral reefsoccuron hard substratehroughout theHawaii Rang€omplexIn addition to
the presence of many individual coralsyal reefsalsosupport hundreds of other marine invertebrate
species, including representatives of most takiae amount of hard reef structure covered Ibyng
corals species richnessnd speciediversityin the Main Hawaiian Islands remained steadgr the

time period of 19990 2012, with total coverage estimated at about 24 percent, although there was
notable variation at individual islandRodgers et al., 2015Foral coverage is below 20 percent at most
surveyed locations in the Mibhwestern Hawaan Islands, and the gerage appears to have remained
stableoverthe time period of 1981 to 200®hased on survey results at established monitoring sites
(Friedlander et al., 2008aoral bleaching and mortality event®re documentedn portionsof the
Hawaiian archipelago in 2014 and 2@B&hr et al., 2015; Bahr et al., 201i@ducing the amount of live
coral coveragén some areasSurveyedareasthat were affected by coral bleachingnerally appeared
to recover by the end of 2016ut researchers caution that potential futuracreasesin severity and
frequency of bleaching event®uld result in decreasecbral coveage in the regioriBahr et al., 2015;
Bahr et al., 2017Severspecies of shallowater corals dominatevaters of the MairHawaiianislands
lobe coral Porites lobat, finger coral®. compressg rice coral Montipora capitatd, sandpaper rice
coral (M. patula), blue rice coralNl. flabellata), cauliflower coral Pocillopora meandrinaand
corrugated coralPavona variangFriedlander et al., 2008b).obe corals thedominant species at
numerous location# the Northwestern Hawaiian Islandshiletable coral(Acropora cytherern
cauliflower coraland rice coraare abundant at some location@riedlander et al., 2008a)

Deepwater corals occur in water depthghere there is low or no light penetraticand therefore

typicallylack symbiotic algaé\s such, deejvater corals do notypicallyform biogenic reefs, but rather

form moundsof intermediate(cobblesized)d dzo & G NI 6§ S GSNX¥YSR af AGK2KSN)aé
(Lumsden et al., 2007/pifferences in water clarity and the resulting light penetration at various
locationsaffect the specific depth at which deeapater corals are found. However, in general, deep

water species are considered to occur at depths belowng0Blational Ocean and Atmaospheric
Administration, 2016; National Oceanic and Atmospheric Administration & National Marine Fisheries
Service, 2008)obuild their supporting structuresiany corals require calcium carbonate in the form

of aragonite or calcite, which they obtain from seawater where carbonate is in solution. Combinations of
temperature and pressure result in a boundary, often calledsé®ration depth, below which

aragonite and calcite tend to dissolvEherefore, orals (and other invertebrates) occurring below this
boundary have difficulty forming persistent structuithat contain calcium carbonatand the aragonite
saturation bounery imposes a depth limit fatonycoral occurrenceThe depth of the saturation

boundary varies in different locations, ranging from about 898,000 m.Accordingly, deepvater

corals are found ithe depth range of about 5@ 3,000 m(Bryan & Metaxas, 2007; Lumsden et al.,

2007; Quattrini et al., 2015; Tittensor et al., 200R)e primary taxa of&ep-water corals include

3.46
3.4 Invertebrates



HawairSouthern California
Training and Testing Final EIS/OEIS October 2018

hexacorals (stony coralslack coralsandgold coras$), octocorals (e.g., true soft coralgorgoniansand

sea pens), and hydrocorals (e.g., lace cofalelrigan et al., 2017apf the approximately 600 coral
species that occur at depths below 50 m, about 20 ams@lered structurdorming (Hourigan et al.,

2017a) Stony corals such &nallopsammia rostratprovide threedimensional structure that may be
utilized by other marine species. However, taxa such as black corals, gorgonians, and sea pens may also
provide habitat for other marine species, particularly when they occur in dense aggregations. With the
exception of sa pens, which occur in soft substratieep-water corals generallgttach tohard or
intermediatesubstrates exposed tstrong currents that provide a steagypplyof plankton @lgae and
smallanimals that drift in the water) to feed oandthat reducesedimentation that would inhibit
colonization and growth of these slegrowing speciefBryan & Metaxas, 2007; Tsao & Morgan, 2005)
Jatial information on the har@ndintermediate substrate habitats typically occupieddsepwater
structure-forming coralgs provided in Section 3.5 (Habitats).

A transition zone of reduced light levels, called the mesophotic zone, occurs between the water depths
typically associated with shallewater and deepwater corals. Mesophotic coral communities are
composed of stony corals, soft corals, and other strusforming organisms such as algae and sponges.
Some corals with symbiotic, photosynthetic algae occur in the mesophotic zone, although the algae
often undergo photosynthesis at reduced rates and the corals, therefore, rely more heavily on
planktonic food apture compared to individuals that occur in the euphotic zone. Black corals and
octocorals, which do not contain photosynthetic algae, are also characteristic of mesophotic
communities. The depth range of the mesophotic zone depends on water clarity,i®generally
considered to extend from 30 m to about 100 to 150 m. Mesophotic communities may occur as deeper
extensions of shallowvater reefs or other hard bottom communities (typically in the coastal zone), or
they may occur in offshore locations Wwiho connection to shallowater communities. Mesophotic

reefs are usually not detectable on satellite images, which increases the difficulty of identifying and
mapping these featured.he highest concentrations of stony corals typically occur on persigdtig

relief bottom features that represent a small subset of the hard and, to a lessent, intermediate
substrates of the Study AreSpatial information on the hardndintermediate habitats typically

occupied bymesophoticstructureforming coralds provided in Section 3.5 (Habitats). In the Study Area,
mesophotic coral communities occur throughout the Hawaiian ArchipglBgker et al., 2016Pue to

water clarity, corals containing photosynthetic algae occur at depths up to about 150 m in some
portions of the Hawaii region.

Chemosynthetic communities may support a relatively high biomass of marine invertebrates. Instead of
using photosynthesis driven byrdight, chemosynthetic organisms derive energy from chemicals
originating from the eart@ crust. The primary types of habitats supporting chemosynthetic

communities are hydrothermal vents and cold seeps. Hydrothermal vents form when seawater
permeates davnward through the eart® crust and upper mantle, becomes superheated, and removes
minerals and chemicals from the crust. The heated fluid may then rise through fissures in the crust and
reach cold ocean water at the seafloor, where metals and other ralagrecipitate out to form

mounds or chimneys. Communities of microbes, such as bacteria, may colonize these structures and use
chemicals occurring in the fluid (primarily hydrogen sulfide or methane) to make energy. The microbes
may then become the bas# a food web that contains invertebrates such as crabs, clams, mussels,
worms, snails, and shrim(Ross et al., 2012; Woods Hole Oceanographic Institution, 2Gbk) seps

are similar to hydrothermal vents, but the fluid exiting the crust is cooler, typically moves at a slower
rate, and may spread over a larger area. Methane hydratedikieestructures that contain methane)

are associated with somehemosynthetic commuities. Cold seeps are generally associated with hard
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substrate on offshore shelf breaks, submarine canyons, and seamounts; r&ection 3.§Habitats)
for spatialinformation onthe habitats typically occupied by chemosynthetic communities

In the Hawaiian Islands, a hydrothermal vent field was documented on the summitibi Seamount
(located near the main island of Hawaiithe 19509Garcia et al., 2005)n 1996, seismic events

formed a large crater on the summit and destroyed the vent area; however, new ventsddtemed
(Wheat et al., 2000)Cold seeps have been found in association with multiple fault systems off southern
California, including the San Cleme(Bernardino & Smith, 2010; Torres et al., 20&3n PedrgPaull

et al., 2008) and San Diego Tugh faults(Grupe et al., 2015)

3.4.2.1.2 Movement and Behavior

Marine benthic and epibenthi@nimals that live on the surface of the substrate)ertebrates may be
sessile, sedentary (limited mobility), or highly molfbat typically slower than large webrates).

Several beach invertebrates (e.g., sand crabs, Pismo §laveda stultorury polychaete wormprecruit

to beaches during spring and summer and seasonally move to shallow nearshore waters during late fall
and winter.Somesubtidal epibenthic invertebrates undergo seasonal onskaifghore migrations
associated with reproduction (e.g., California spiny lobster).

Pelagic marine invertebrates include plank{@nganisms that do not swim or generally cannot swim
faster than wéaer currents)and nekton (active swimmethat can generally swim faster than water
currents. Planktorc animals commonly undergo daily migrations to surface waters at dusk and return
to deeper waters at dawn. This includes small, microscopic zooplaakibtarvae, larger crustaceans
(e.g.,small shrimp, and jellyfish. Planktonic organisms vary in their swimming abilities, ranging from
weak (e.g., larvae) to substantial (e.g., box jellyfislekton such as pravenshrimgs, and squichave
relatively strang swimming ability, although they are typically slower than most vertebrate animals

3.4.2.1.3 Sound Sensing and Production

In general, organisms may detect sound by sensing either the particle motion or pressure component of
sound, or both (refer to Appendix D, Acsticand Explosive Conceptor an explanation of these sound
components). Aquatic invertebrates probably do not detect pressure since many are generally the same
density as water and few, if anlyave air cavities that would respond to press@Beidelmann, 1992b;

Popper et al., 2001 Marine invertebrates are generally thought to perceive sound via either external
sensory hairs or internal statocisMany aqual A O A Y PSNISOoNF 6Sa KIS OAfAFGS
sensitive to water movements, such as those caused by currents or water particle motion very close to a
sound sourcéBudelmann, 1992a, 1992b; Mackie & Singla, 2008 may allow sensing of nearby prey

or predators, or help with local navigation. Detection of particle motion is thought to occur in

mechanical receptors foundnovarious body part@Roberts et al., 2016aAquatic invertebrates that are

able to sense loal water movements with ciliated cells include cnidarians, flatworms, segmented

worms, molluscs, and arthropo@Budelmann, 1992a, 1992b; Popper et al., 20CQt)staceans in

particular seem to have extensive occurrence of these structlites.sensory capabilities aflult corals

are largely limited to detecting watenovement using receptors on their tentacl@Sochfeld, 2004)

and the exterior cilia of coral larvae likely help them detect nearby water moven{ieetseij et al.,

2010)

Some aquatic invertebrates have specialized organs called statocysts that enable an animal to determine
orientation, balance, and, in some cases, linear or angular acceler8tatocysts allow the animal to

sense movement and may enable some species, such as cephalopods and crustad¢esasensitive to

water particle movements associated with soundvdiration (Hu et al., 2009; Kaifu et al., 2008;
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Montgomery et al., 2006; Normandeau Associates, 2012; Popper et al.,. B@@huse anya@ustic

sensory capabilities, if present, aspparentlylimited to detectingthe local particlenotion component

of sound(Edmonds et al., 2016and because 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.

In addition to hair cells and statocysts that allow some marine invertebrates to detect water particle
motion, some species also have sensory organs called chordotonal organs that can detect substrate
vibrations. Chordotonal organs are typically attache@¢onnective tissue of flexible appendages such as
antennae and leg€Edmonds et al., 20167 he structures are connected to the central nervous system
and can detect some movements or vibrations that are transmitted throudpstsate.

Available information indicates that aquatic invertebrates are primarily sensitive tdreyuency

sounds. Both behavioral and auditory brainstem response studies suggest that crustaceans may sense
sounds up to ¥Hz, butgreatestsensitivity idikely below 200 hertz (Hf{500dall et al., 1990; Lovell et

al., 2005; Lovell et al., 2006)lost cephalopods (g.,octopus and squid) likely sense ldrequency

sound belowl kHz with best sensitivities at lower frequenci®Budelmann, 1992b; Mooney et al., 2010;
Packard et al., 19901 few cephalopods may sense frequis up tal.5 kHZAHu et al., 2009)Squid did

not repond to playbacks of odontocete.g., toothed whales)ltrasonic echolocation clicks, likely
because these clicks were outside of squid hearing réfikson et al., 2007)Although informaibn on

the frequency range of the clicks was not provided, ultrasonic sound typically refers to high frequency
sounds above the limit of human hearing (greater than about 20 kHz). Similarly, squid did not respond to
killer whale echolocation clicks rangifigm 199 to 226 decibel@B)referenced to 1 micropascal
(dBre1>t KWilson et al., 2007yefer to Appendix D, Acoustamd Explosive Concepter an

explanation of this and otheacoustic terms). The frequenoy the clicks was not providetiowever,

killer whale echolocation clicksave been reportedo be mostly between 45 and 80 kidxu et al.,

2004) Some researchers hageiggested sensitivity to sounds of higher frequencies in some species,
although study results are inconclusive. European spiny lobgtatm(rus elephgdssome of which

were exposed to predators, were found to produce ultrasound signals up to aboutZz{Buktaino et

al., 2011) The investigators speculate¢hat the signals might have an aptiedator function or might be
used in intraspecific communication, although these functions (particularly communication) were
considered hypotheticallhe results onother studysuggest that European spiny lobstakely use
acoustic signals to aggregate (frequency was not specified, although lobsters in the study produced
sounds of up to 30 kHZiliciotto et al., 2014 However information currently available indicates that
invertebrates ardikely sensitiveonly to locd water movement and to lovirequency particle

accelerations generated in their close vicifljormandeau Associates, 2012)

Although many types of aquatic invertebrates produce soand at least some species have the ability

to detect lowfrequengy particle motion little is known abouthe use of sounar whether all sound

production is purposeful or merely incidental in some cas&mvkins et al., 2015; Normandeau

Associates, 2012Fome invertebrates hae structures that appear to be designed specifically for sound
production, and the results of various studies (summarized in the following paragraphs) indicate that
sound is used for communication or other behaviors in some species. For exdrhpkeben

suggested by numerous researchers that the larvae of some marine species (e.g., crustaceans, molluscs,
and corals) use sound cues for directional orientafBodelmann, 1992a, 1992b; Montgomery et al.,

2006; Popper et al., 2001)
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Aquatic invertebrates may produce and use sound in territorial behavior, to detect or deter predators,
and in reproductior{Popper et al., 200150me crustaceans produce sound by rubbingl@sing hard
body parts togethe(Au & Banks, 1998; Heberholz & Schmitz, 2001; Latha et al., 2005; Patek & Caldwell,
2006) The snapping shrimp chorus makes up a significant paofitimee ambient noise in many

locaions (Au & Banks, 19982t & Bell, 1992; Heberholz & Schmitz, 20@gchsnapping shrimglick

is up to 215 dB ré& pPa at Im (root mean squargrms] is implied, but the authors did not explicitly
statesound pressure levgEPLor peak SPL), with a peak arountbn kHz Some crustaceans, such as
the American lobster{omarus americangsand California mantis sihmp (Hemisquilla californiengis

may also produce sound Wbrating thecarapacgHenninger & Watson, 2005; Patek & Caldwell, 2006)
Spiny lobsters typically produce ldwequency rasps by moving a structure at the base of the antennae
over a rigid fil§Buscaino et al., 2011pther crustaceans make lefnequency rasping or rumbling

noises, perhaps used in defense or territorial disgRgtek & Caldwell, 2006; Patek et al., 20@9)
perhaps used indental to a visual displajihe aquatic isopo€€Cymodoce japonigaroduces sound by
rubbing body parts togethgiNakamachi et al., 2015)

Reef noises, such as fish pops and gruws#a,urchin grazing (arourdidkH3, parrotfish grazing, and
shapping shrimp noises (aroubkH2 (Radford et al., 2010may be used as a cue by some aquatic
invertebrates. Nearby reef noises were observed to affect movements and settlement behavior of coral
and crab larvaéJeffset al., 2003; Radford et al., 2007; Stanley et al., 2010; Vermeij et al.,,2010)
although chemical cues and substrate color are also used by some sffarsesr & Gilmour, 2016)

Larvae of other crustacean species, including pelagic and nocturnally emergent species that benefit from
avoiding coral reef predators, appear to avoid reef no{&mpson et al., 2011Petection of reef noises

is likely limitedto short distancesLow-frequencysound pressurand particle motionhave been
measurednear a coral reef off Maui, Hawd#iKaplan & Mooney, 2016Results indicat¢hat adult

cephalopod species would not be able to detect the low level of particle acceleration at the
measuranent point nearest the reef (50 m). Thpecificparticle acceleration levels detected by marine
invertebrate larvae are unknowibut the authors suggest that invertebrate larvae would be unlikely to
detectparticle acceleratiomt distances beyond 150 af this reef Playback of reef sounds increased

the settlement rate of eastern oyste€Cfassostrea virginig¢darvae(Lillis et al., 2013)Greertlipped

mussel Perna canaliculydarvae settlement rate increased when exposedtolerwater noise

produced by a fernfWilkens et al., 2012)

3.4.2.1.4 General Threats

General threats to marine invertebrates include overexploitation and destructive fishing practices
(Halpern et al., 2008; Jackson et al., 2001; Kaiser et al., 2002; Miloslavich et al., 2011; Pandolfi et al.,
2003) habitat degradation resulting from pollution and coastal developn{@urtes & Risk, 1985;
Downs et al., 2009; Mearns et al., 201diseasd€Porter et al., 2001 )nvasive specig®ryant et al.,

1998; Galloway et al., 2009; Wilkinson, 20@Z)ich may be introduced as a result of growthvassé
hulls or bilge water idcharge) oil spillS(Yender et al., 2010ylobal climate change and ocean
acidification(Hughes et al., 2003and possibly humageneratednoise(Brainard et al., 2011; Vermeij et
al., 2010) A relatively new threat to @rine invertebrates is bioprospecting, which is the collection of
organisms in pursuit of new compounds for development of pharmaceutical pro(Ratijasa et al.,
2011) Numerousbioactiveproducts have beeisolated from marine invertebrates collected in the
Hawaii Exclusive Economic Zdheal et al., 2012)

Compared to many other invertebrate taxae threats to corals are wedlitudied. Numerousatural
and humancaused stressonmay affect coras of the Main Hawaiian Island@cluding thermal stress,
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disease, tropical storms, coastal development and pollution, erosion and sedimentation,
tourism/recreation, fishing, trade in coral and live reef species, vessel anchoring or groundings, marine
debris,predation, invasive species, military and other securi®yated activities, and hydrocarbon
exploration(Center for Biological Diversity, 2009; National Oceanic and Atmospheric Administration,
2008a, 2008hb)Stressors associated with the Northwest Hawaiian Islands are similar but, in the case
of direct humancaused impacts, lesser in degree besmthe islandsre moreremote. Coral bleaching,
which occurs when corals expel the symbiotic algae living in their tissues, is a stress resphasges

in environmentalparameters such as temperature or ligRtompared to other regions of the worlgw
major coral bleaching eventsaveoccurredin the Hawaiian Island3he first known largscale

bleaching event occurred in 199&;marily affecting portions of the Main Hawaiian Islandssecond
event occurred in 2002 in the Northwesh Hawaiian Ikends(Jokiel & Borwn, 2004More recently,
bleaching evergswere documented at Kar®he Bay on the northeast coast of Oahu in 2(B4hr et al.,
2015)andother portions of the Main Hawaiian Islands2014 and2015(National Oceanic and
Atmospheric Administration, 20190 Kan&@he Baysusceptibility tdbleaching, severity of impacts, and
recovery time wastrongly influenced by the type of symbiotic algae, varying coping mechanisms in
individual corals, andbiotic (e.g., hydrodynamics) factqi@unning et al., 2016factors that seem to

be important for coral reef resilience (ability of a reef to resist and recover from environmental
disturbance) were identified bylcClanahan et al. (201.23ome factors are large in scale and difficult to
manage, while others, such as fishingthodsand adjacent watershed pollution, are more easily
affected by local management practicd$e National Oceanic and Atmospheric Administra@d®acific
Islands Fisheries Science Cemealuated numerous areas of the Main Hawaiian Islandslation to
these factors and developed composite resiliency scores. Generally, the highest scores were associated
with sparsely populated areas (e.g.@hu, portions ofMaui), while the lowest scores were associated
with densely populated areas (e.ggrtions ofO@hu) (Pacific Islands Fisheries Science Center, 2014)
Primary threats to deepvater or coldwater corals include bottom fishing, hydrocarbon exploration,
cable and pipeline placement, and waste dispdsal., discarded or lost rope and fishing equipment,
dredged sedimentq)Freiwald et al., 2004)

Threatsrelated to water quéity, marine debrisand climate changare further described in the
subsections below.

3.4.2.1.4.1 Water Quality

Invertebrates may be affected by changes in water quality resulting from pollutidsidity and
increased particle deposition that may occur as a resiufiediment disturbanceandwaste discharge.
Sormwater runoff and point source dischargassociated with coastal development may introduce
pollutants intobaysandother nearshore coastareas.The pollutants may degradediment and water
guality, which in turn can impact marine invertebrate communitiesdimentdisturbancemay result
from activities such as dredging, which can affect sensitive species such as som¢ecieateijer et
al., 2012)In addition to dredging, erosion due to storm runoff may catisenges in the frequency or
magnitude ofsedimentationin areas in proximity to ocean outfalls, estuarine inlets, and major river
discharges

Ship discharges may affect water quality ameertebratesassociatedvith the impacted water

Dischargel materids include sewage, bilge water, graywater, ballast water, and solid waste (e.g., food
and garbage). Discharges may originate from military, commercial, and recreational vessels. Under
provisions of the Clean Water Act, the U.S. Environmental Protectiomcp(JéSEPAgndthe U.S.
Department of Defenshave developed Uniform Nainal Discharge Standartts address discharges
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from U.S. military vesselRefer toSection 3.2.1.2.2 (Federal Standards and Guidelfoes)ore
information on water quality, including Uniform National Discharge Standards

Marine invertebrates can be impacted by exposure talaé torunoff from land, natural seepage, or
accidental spills from offshore drillifextraction or tankers(White et al., 2012)Reproductive and early

life stages are especially sensitive to oil exposure. Factors such as oil type, quantity, exposure time, and
season can affethe toxicity level. Experiments using corals indicate that oil exposure can result in
death,decreasedeproductivesuccessaltereddevelopment and growth, and altered behav{@vhite

et al., 2012; Yender et al., 2010)

3.4.2.1.4.2 Climate Change

The primary concernasf climate changén the context of impactsn marine invertebrates include
increasedvater temperature, ocean acidificatioimcreased frequencygr intensityof cyclonic storm
events,and sea level rise.

Increases in ocean temperature can lead to cetadss, bleaching, and mortalifunden et al., 2014)
Bleachingof corals and ther invertebrates that contain symbiotic algae in their tissues (e.g., some
anemones and clam# often tied to atypically high sea temperaturg®ugh & van Oppen, 2009;
National Ocean Service, 2016B)eaching events have increased in frequenagcent decades. Coral
bleaching on a global scale occurred during the summers of 2014, 2015, an(E2&ir6 et al., 2016)n
addition to elevated sea temperaturgatypically low sea temperaturesayalso cause mortality to
corals and most other reef organisrf@olella et al., 2012; Lirman et al., 2011; National Ocean Service,
2016a) suggesting that widening climate extremes could cause more coral bleathoge

experiment, three coral species that experienced bleaching had reduced ability to eesadiments
from their tissue surfacéBessetBrowne et al., 2017Response to thermal stress may differ across
specieor within differentenvironmental contextswith some speciesr taxabeing more tolerant than
others(Bahr et al., 2016; Guest et al., 2016; Hoadley ef@l5) For example, in the Caribbean Sea,
while numerous stony corals may be negatively affected by increased water temperature, some
gorgonian corals have been found to pget®r increase in abundance under similar conditi@@eulet

et al., 2017)The results of one study suggest that sormeats may acclimate to increased water
temperature over time, exhibiting less temperature sensitivity and resulting bleaching activity
(McClanahan, 2017pkeletal formation of postettlement individuals of the plate corAkropora
spiciferawas not affected by increased water temperatifFoster et al., 2016However, exposure to
lowered pH was found to increase the potential for negative effects associated with subsequent water
temperature increase in one stony coral spe¢ieswle et al., 2016)n addition to potential
physiological effets, the distribution of some invertebrates may be affected by changing water
temperature. Northern and southern shifts in the geographic center of abundance of some benthic
invertebrates along the U.S. Atlantic coast have occurred over the last 20 pesmgmably in response
to increased water temperaturHale et al., 2017)

Ocean acidification has the potential to reduce calcificaind growthrates in species with calcium
carbonate skeletons, includirghellfish (e.g., clams, oystersprals, and spongé€lark & Gobler, 2016;
Cohen etal., 2009) and crustose coralline algae that contain calcite in their cell (Rdteda et al.,

2015) For example, newly settled individuals of the plate cétalpiciferathat were exposed to

elevated carbon dioxide and lowered pH levels showed decreased mineral deposition and evidence of
skeletal mdbrmation (Foster et al., 2016pnd water acidification decreased the survj\ste, and

weight of bay barnacle®@lanusmprovise¥(Pansch et al., 2018)he results of one study suggest that
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communitylevel effects to orals can be more evident than effects to individual co(@srpenter et al.,
2018) Many species within these taxa are important structingldingorganismsin addition to corals
and shellfish, acidification may also affect weakly calcified taxa suobsters and sea cucumbers
(Small et al., 2016; Verkaik et al., 201%)meclimate change models predict that tloepth below

which corals are unable to foroalcium carbonatskeletons will becomshallower as the oceans
acidify and temperatures increaspotentially decreasing the occurrence and habfaiming function

of corals and othemvertebrates Deepsea scleractinian stony corals could be particularly vulnerable
due tohabitatloss and dereased larvaéispersalMiller et al., 2011)However, a recent study of
successive generations siallowwater reef-building corals exposed to increased water temperature
and acidificatiorsuggests some corals may be able to tolerate rapidly changing environmental
conditions better than previously thougl®utnam & Gates, 2019n addition to physical effects,
increased aciditynay result in behavioral changes in some speéies example, acidification of
porewater was found to affect burrowing behavior and juvenile dispersal patterns of thasisell clam
(Mya arenarig (Clements et al., 2016and increased acidity caused a reductiothimloudness and
number of snaps in the snapping shrildfpheus novaezelandigRossi et al., 2016As discussed for
thermal stress, som@vertebratespecies may be more tolerant of changing acidity levels than others
(Bahr et al., 20160ne study found that lowered pH caused a significant decrease in black band disease
progression in mountainous star cofduller et al., 2017)Another study of three Arctic marine
bivalves concluded that at least two of the species are generally resilient to decreag€aetHel et

al., 2017)A study of the deepvater stony coraDesmophyllum dianthu®und that the species was not
affected by increased acidity uadconditions of ambient water temperature but that stress and
decreased calcification occurred when acidity and water temperature were both incr¢sisgthy et

al., 2016)Gelatinous invertebrates such as jellyfish genersdlgm to be tolerant of increased water
acidity (Treible et al., 2018)

Although the potential effects that climate change could hamduture storm activity is uncertain,
numerous researchers suggest that rising temperatures could result in little change to the overall
number of storms, but that storm intensity could increds®iland, 2013)Increased storm intensity

could result inncreasedohysical damage to individual corals and reefs constructed by the corals (which
support numerous other invertebrate taxajverturning of coral colonies, arddecrease in structural
complexity due to disproportionate breakage of branching spe¢ieson et al., 2008; The Nature
Conservancy, 2015However, large storms such as hurricanes may also have posipeets on cora

such as lowering the water temperature and removiess resilientnacroalgadrom reef structures
whichcan overgrow corals

Sea level rise could affect invertebrates by modifying or eliminating habitat, particularly estuarine and
intertidal habitatsbordering steep and artificially hardened shoreliriEsijii, 2012)It is possible that
intertidal invertebrates would colonize néyvsubmergedareas over time if suitable habitat is present.
Coral reef growth may be able to keep pace with sea level rise because accretion rates of individual
corals are generally greater than projected potentidesof sea level risefhe Nature Conservancy,
2016) Coratare currently subjected to tidal fluctuations of up to several me{d@ise Nature
Conservancy, 2015; U.S. Geological Survey, 2Bb@)everthe overall net accretiomate of coral reefs
may bemuchslower than the rée of individualcorals decreasing the overall ability of reefs to keep
pace with rising water level$n addition, the compounding effect of other stressors (e.g., ocean
acidification) is unknowrin an evaluation of threats to corals previously petigdrfor listing under the
ESA, sea level rise was considered a low to medium influence on extincti@rasiard et al., 2011)
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Additionalconcerns include the potentiér changes in ocean circulation patterthat affectthe
planktonic food supply diflter- and suspensiofieeding invertebrates (e.g., coral&tnoyer, 201Q)An
increase in the future incidence of diseases in marine dsgas is alstheorized(Harvell et al., 2002)n
addition, there is concern that cumulative effects of threats from fishing, pollution, and other human
disturbance may reduce the tolerance of cari@ global climate chang@teweberhan & McClanahan,
2010; Atewebehan et al., 2013)

3.4.2.1.4.3 Marine Debris

Marine debris (especially plassicis a threat to many marine ecosystems, particularly in coastal waters
adjacent to urban development. Microplastics (generally considered to be particles less than

5 millimeters in size), which may consist of degraded fragments of larger plastic iteémsraionally
manufactured items (e.g., abrasive plastic beads found in some persamaproducts or used in
blastcleaning), are of concern because of their durability and potential to enter marine food webs
(Setala et al., 2016Field and laboratory investigations have documented ingestion of microplastics by
marine invertebrates including bivalve molluscs; crustacean arthropods such as lobsters, shere crab
and amphipods; annelid lugworms; and zooplankBrowne et al., 2013; Setala et al., 2014; Von Moos
et al., 2012; Watts et al., 2014)Vhile animals with different feeding modes have been found to ingest
microplastics, laboratory studies suggest that fitteeding and deposit feeding benthic invertebrates
are at highest riskSetala et al., 2016Refer to Section 3.2 (Sediments and Water Quality) for a more
detailed discussion of marine debris and the associaféetts on water quality.

Marine debris, including large amounts of plasgresentin surface waters arounthe Main Hawaiian

Islands and Northwestern Hawaiian Islanasd is found on coral reefs as wglooper & Corcoran,

2010; Dameron et al., 2007Yhe Hawaiian Archipelago is located within the North Pacific Gyre, which
consolidates debris originating in various areas of the Pacific Ocleavever, there have been no

surveys specifidly conducted to investigate marine debris on the seafloor in Hawaisual survey of

GKS &SFFE22NJ 0KFG AyOfdzZRSR | L3 NI A 2was @fductedsS bl ge Q
part of a 15year quantitative assessment of marine debris ondbafloor off the California coast

(Watters et al., 2010Plastics were the most abundant materfalund and, along with recreational

monofilament fishing line, dominated the debris encountered on the seafloor. U.S. Navy Vessebs

zero-plastic discharge policy and return all plastic waste to appropriate disposal or recycling sites on
AK2NB® ¢KS @gArada f &adz2NBSe SyO2dzyiSNBR 2yfeée | aiay3af
appeared to be a shell casing surveg conducted at Monterey Canyon off California found that items

of military origin were among the least frequently encountered types of identified dé€Bdislining et

al., 2013)

Recent studies in the Southern California Bight found that marine debris (primarily plastic) occurred in
about onethird of seafloor areas surveydioore et al., 2016)Microplastic particles were more
prevalent in shallow nearshore areas (ports, marinas, bays, and estuaries) than in offshore areas.
Another study of marine debris alorige U.S. West Coasharacterized the composition and abundance
of manmade marine debris at 1,347 randomly selected stations dugiagndfishbottom trawl surveys

that took place in 2007 and 20@Reller et al., 2010)The sample sites included some locations within
the southern Californigortion of the HSTT Study Area. A subddhe sites sampled included

historically used postVWIl dump sites. Recovered items identifying the sites as\dil era dump
daA0Sa AyOf dzRSR Sljdzh L&Y SyAiF RSEIONBED BRREAIKRNT YSE&aDST ¢
RADSNES AlS&sHca &dzdK s DIlydRAINE SiadpBakidately the 1970s, items such
as these are no longer disposed of at sea. The items listed here anglitaty expended materialand
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would not be expended during training and testing activities in t88 HStudy Area. For this reason, the
OKI NI OGSNRT I G A 2 ythexsthdylayliklé ifabylrelekande © th&lRrapdsedMgtion or to
presentday standard Navy conduct that includes (among other procedures) restrictions on the
discharge of plagts at sea.

3.4.2.2 Endangered Species Act-Listed Species

As shown imable3.4-1, there are four species of invertebrates listed as Endangered or Species of
Concern under the ESA in the Study Ailge abalonespeciedisted as endangeredre discussed in
Section3.4.2.2.1(Black AbaloneHaliotis crachmodii]) andSection3.4.2.2.2(White Abalonelfaliotis
sorenser]). Twoother abalonespecies, green abalongldliotis fulgensand pink abaloneHaliotis
corrugatd, are species of concern. Species of concern are those for Whitfithas some concern
regarding status and threats, but for which insufficient information is available to indicate a need to list
them under the ESA. The species of conagsignation does not impose any procedural or substantive
requirements under the ESA.

NMFS has identified the overall primary factors contributing to decline ochtiadonespecies shown in
Table3.4-1 (National Oceanic and Atmdsgric Administration Fisheries, 201%hese factors are
overharvesting, low population density, loss of genetic diversity, disease, poaching, and natural
predation.Navytraining andtesting activities are not expected to contribute substantialhaiy of
thesefactors.

Table3.4-1: Status of Endanged Species Aetisted Species Whin the Study Area

Species Name and Regulatory Status Presence in Study Area
Common Namg Scientific Name Species Act Area/Transit . 9 .
. Marine Large Marine
Status Corridor
Ecosystem Ecosystem
Black abalone |Haliotis cracherodi| Endangered None Yes None
White abalone |Haliotis sorenseni | Endangered None Yes None
Green abalone | Haliotis fulgens Species of None Yes None
Concern
Pink abalone |Haliotis corrugata Species of None Yes None
Concern

3.4.2.2.1 Black Abalone (Haliotis cracherodii)
3.4.2.2.1.1 Status and Management

The black abalondH@liotis cracherodiiwas listed as endangered under the E82009. A dramatic

decline in abundance, likely caused by a disease known as withering syndrome (explained in more detalil

below), prompted closure of both the commercial and recreational fisheries in Califorei&tate of

California imposed a moratorium on black abalone harvesting throughout California in 1993 and on all

abalone harvesting in central aisduthern California in 199{Butler et al., 2009)Numerous California
State Marine Protected Areas provide additional protection for abalone. An Abalone Recovery
Management Plan was adopted by the State of California in 2005.

NMFS prepared a status review for this spe@ie2009(Butler et al., 2009)and announceiéh 2016the
intent to prepare an updated status revie®r{dangered and Threatened Species; Initiation-gear
Reviav for the Endangered Black Abalone and the Endangered White AbaloRed8fal Register
93902;93903 [December 22, 2016} ritical habitat was designated for black abalone by NiMEG11
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(Endangered and Threatened Wildlife and Plants: Final Rulemi@kidesignate Critical Habitat for Black
Abalone,76 Federal Registe86806;66844[October 27, 2011)] Designated critical habitat includes

rocky intertidal and subtidal habitats from the mean higher high water line to a depth of approximately

6 m), as well a the waters encompassed by these areas. Designated critical habitat generally extends
from Del Mar Landing Ecological Reserve to the Palos Verdes Peninsula, and includes several offshore
islands includingwaters surrounding Santa Catalina and Santa Bartsands. No training or testing
activities occur in waters surrounding these islands (the training activities occur in open ocean portions).
The specific areas proposed for designation off San Nicolas and San Clemente Islands were determined
to be inelgible for designation because the N&sintegrated Natural Resources Management Plans
provide benefits to black abalone in those areas. The critical habitat designation also id@htyfésal

or biological featuresf the habitat which arethe featuresthat support the lifehistory needs of the

species Thephysical or biological feature®nsidered essentidbr black abaloneecoveryare rocky

substrate, food resources, juvenile settlement habitat, suitable water quality, and suitable nearshore
circuhltion patterns.

Various projects are in place to monitor the status of the species, to understand and address withering
disease, to improve reproduction, and to minimize illegal harvest. For instance, the Navy monitors black
abalone populations on San Clente and San Nicolas Islaratsd Point LomaSan Diegoand the

species is managed under both the San Clemente Island Integrated Natural Resources Management Plan
and San Nicolas Island Integrated Natural Resources Management Plan. The Navy has condliucted a
provided funding for surveys of rocky intertidal areas on San Clemente Island, San Nicolas Island, and
Point Loma, including surveys specifically for black abaiGngham et al., 2014; Tierra Data, 2Q08)

3.4.2.2.1.2 Habitat and Geographic Range

The distribution of black abalone ranges approximately from Point Arena in northern California to Bahia
Tortugas and Isla GuadalupeMexico(Butler et al., 2009)Although the geographic range of black
abalone extends to northern California, the most abundant populations historically haveetduithe
Channel Island@utler et al., 2009)A map of the black abalone range can be accesadtMFOffice

of Protected Resources website

Black abalone lavon rocky substrates in the high to low intertidal zone (with most animals found in the
middle and lower intertidal) within theouthern California portion of th&lSTTStudy Area. They occur
among other invertebrate species, including California musbgltil(s californianuys gooseneck
barnaclesPollicipes polymerjisandseaanemonege.g., giant green anemon@iithopleura
xanthogrammicd Of the species of abalone in the waters of California, the black abalone inhabits the
shallowest areas. It is rdsefound deeper tha® m, and smaller individuals generally inhabit the higher
intertidal zones. Complex surfaces with cracks and crevices may be crucial habitat for juveniles, and
appear to be important for adult survival as w@utler et al., 2009)

3.4.2.2.1.3 Population Trends

Black abalonevere generallyabundant before 1985 in the coastal watehsoughout the specie@ange,
althoughabundancehas historically not been considerédyhnorth of San Francisco. Substantial
populations also occurred in the coastal waters of the Channel Islarmdsitiern California. In the early
1970s, the black abalone constituted the largest abalone fisherylifod#. Black abalone populations
south of Monterey County, Californibave experienced 95 percent or greater declines in abundance
since the midl980s as a result of fishing pressure in combination with withering synd(bigeman et
al., 2010) Withering syndrome is caused by the bacteria speCmsdidatus Xenohaliotis californiensis

3.416
3.4 Invertebrates



HawairSouthern California
Training and Testing Final EIS/OEIS October 2018

which attacks the lining of the abalo@edigestive tract, inhibiting the production of digtive enzymes
which ultimately causethe musculardfooté to wither and atrophy. This impairs the abal@ability to
adhere to rockgButler et al., 2009)makng it more vulnerable to predation or starvation.

Major declines in abundance in the Channel Islands, the primary fishing grounds for this species before
closure of the abalone fishery, have severely reduced the population as a (Butler et al., 2009)
Recentsurveys ofocky intertidalhabitat at San Clemente Island have resulted in a total population
estimate ofapproximately 10@o 300 individuals of blackalone, representing less than 0.1 percent of
historical levels orthe island(Raimondi et al., 2012; Tierra Data, 2Q@R)rveys of rocky shores in 2013
indicate black abalone continue to be rare at San Clemente I¢taratham et al., 2014)

The Black Abalone Status Review Team estimates that, unless effective measures are put in place to
counter the population decline caused by withering syndrome and overfistiiagpecies will likely be
extinct within 30 yeargButler et al., 2009)San Nicolas Island is one of the only locatiorssuthern
California where black abaie havebeen increasing and where multiple recruitment events have
occurred since 2008utler et al., 2009)

3.4.2.2.1.4 Predator and Prey Interactions

The black abalone dietries with life history stage. As larvae, black abalone receive nourishment from
their egg yolks and do not actively feed. Settled abalone clamp tightly to rocky substrates and feed on
crustose coralline algal matter that they scrape from the rocks. ¥ quwveniles feed on bottordwelling
diatoms, bacterial films, and microflora. As they increase in size and become less vulnerable to
predation, abalone move into more open locations on rocks (though still cryptic) to forage bheikt
abalone feed primaly on driftingplant fragments and attached macroalgé@utler et al., 2009; Smith

et al., 2003) The pimary predators of abalone are fish, sea otters, sea stars, and a variety of
invertebrates, as well as humatigough illegal harvestingNational Oceanic and Atmospheric
Administration Fisheries, 2018; Smith et al., 2003)

3.4.2.2.1.5 Species-Specific Threats

The black abalone population is declining as a consequence of historical overfishing and ongoing threats
of withering syndrome, illegal harst pollution, and natural predation. The spread of withering

syndrome is enhanced by periods of ocean warmsugh a€l Niio events(Neuman et al., 2010)

Although there is no documented causal link between withering syndrome anetéongclimate

change historicalpatterns suggest that ocean warming magrease the susceptibility of black abalone

to the diseaseDecreased population density is additionalfactor in thespeciesdecline(Neuman et

al., 2010) The black abalone is a broadcast spawner (gametes released into the water and fertilization
occurs externally), and simutaous spawning by males and femalesloseproximity (ithin a few

feet[ft.]) is required for successful reproduction. In areas where black abalone have been overfished or
otherwise reduced, the distance between adult males and females may be tooqyrée population

density too low to sustain local populatio(Butler et al., 2009; Neuman et al., 201W)ere is some

concern that thanvasive macroalg8argassum hornefiirst documented off southern California in

2003 andcurrently distributed in coastal waters froBanta Barbara to central Baja Catiia, Mexicq

has the potential to affect black abalopepulations Longterm ecological implications of theresence

of the invasive species ammcertainbut potentially include displacement of native k€kaplanis et al.,

2016; Marks et al., 2015)vhich is a food source for black abalone
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3.4.2.2.2 White Abalone (Haliotis sorenseni)
3.4.2.2.2.1 Status and Management

The white abaloneHaliotis sorensehiwas listed as endangered under the ESA in 2001 and is recognized
as one stockHobday & Tegner, 2000pverfishing in the 1970s reduced the population to such low
densities that successful reproduction was severely restricted. White abplgmdations continue to

be threatenedprimarily by reproductive failurdHobday et al., 2001; National Marine Fisheries Service &
Souhwest Regional Office, 200&)ritical habitat is not designated for this species.

The State of California suspended all forms of harvesting of the whitersbal 1996 and, in 1997,
imposed an indefinite moratorium on the harvesting of all abalone in centrabanthern California
(National Marine Fisheries Service & Southwest Regional Office,. 20@8)S determined that informing
the public of the locations of critical habitat, which includes areas wheresvatialone still exist, would
increase the risk of illegal harvesting of white abal@Mational Marine Fisheries Service & Southwest
Regional Office, 2008potential habitat may exist between Point Conception, California, and the
California/Mexico border, with much of it occurring in the isolated, deep waters of€tiennel Islands.
In reaction to concerns over the status of white abalone, the White Abalone Restoration Consortium
was formed to propagate a captiveared stock to enhance the depleted wild stqblational Marine
Fisheries Service & Southwest Regional Office, 200&ye is now a captive breeding program at the
Badega Bay Marine LaboratorynlJersity ofCaliforniaDavis, in partnership with several facilities
throughout California.

3.4.2.2.2.2 Habitat and Geographic Range

The white abalone is a walbncealedsessile bottom-dwelling species that prefers reefs and rock piles
with low relief areas surrounded by sandy ar¢dsbday & Tegner, 2000)Vhite abalone in the

Southern California Bight typically irtliadepths ranging from about 20 to 0, with the highest
densities occurring between 40 and B0(Butler et al., 2006)White abalonavere found in waters
deeper than other west coast abalone speci@fobday et al., 2001verall, habitat associations of
white abalone depend on its main food souscérift macroalgaeanda variety ofred algagNational
Oceanic and Atmospheric Administration, 2QIB)us, depth distribution is limited by water clarity and
light penetration as well as by the availability of hard substrate or anchoring points on the bottom
(Butler et al., 2006)Evidence suggests that white abalone prefer the sand and rock interface at the
reef@ edge, rather than the middle sections of re&and channels may limportant for movement

and concentration of drifting fragments of macroalgae and red aftyational Marine Fisheries Service
& Southwest Regional Office, 200Bpstlarval and juvenile individuals often occur in sheltered areas to
decreasesusceptibility to predation, while adults occur in more open areas

White ababnewere historically found between Point Conception, California, and Punta Abreojos, Baja
California, Mexico, at depths as shallow am fNational Marine Fisheries Service & Southwest Regional
Office, 2008)The northern portion of the range includes the San Clemente (Nemed) and Santa
Catalina Islands in the nbeastern corner of the southern California portion of tHSTTStudy Area

(Butler et al., 2006; National Marine Fisheries Service & Southwest Regional Office,@0@B¢

southern end of the rage, the species was common around a number of islands, including Isla Cedros
and Isla Natividad, Mexidblobday & Tegner, 2000y hecurrent rangein Californisappears similar to

that of the historical rangealthough the species occurs in extremely reduced numbafsrmation on

the current range ofBaja California is not availalfidational Marine Fisheries Service & Southwest
Regional Office, 2008)
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Except for some isolated suvairs, the species is distributed only around the Channel Islands and along
various banks within the Study Ar@dobday & Tegner, 2000; Rog&snnett et al., 2002)The species

is known to occur off San Clemente, Santa Catalina, and Santa Barhada &id at Tanner and Cortes
Banks (approximately0 milessouthwest of San Clemente IslanBpth these banks are underwater
mountains that occur off the coast of southern Califoridae study documentel square miles of
available white abalone habitatt Tanner Banlg square milest Cortes Bank, and square mileon

the western side of San Clemente IslgBditler et al., 2006)

3.4.2.2.2.3 Population Trends

White abalonewnere once abundant throughouheir range, butwere more common and abundant
along the coast in the northern and southgrartions. Since the 1970s, the white abalone population
has experienced a 99 percent reduction in den@itsitional Marine Fisheries Service & Southwest
Regional Office, 2008Between 2002 and 2016ecreases in abundance (approximaté8/percent)

and density (330 100 percent depending on depth and survey year) have been reported at Tanner
Bank, an area of historically high abundance (greater traanimalper square metefm?]) (Butler et
al., 2006) An increase in the size distribution over this same time period suggests individuals in the
white abalone population are growing largevh(ich indicates increaskageg with little or no indication

of adequate recruitment success. With a dispersed population of aging individuals, prospects for
recruitment remain low without management intervention, such as outplanting of healthy, captect
white abalone in suitiale habitat(Stierhoff et al., 2012Captive breeding programs are currently in
place to develop white abalone for introduction into the ocean, but outplanting has not occurred to
date (National Oceanic and Atmospheric Administration, 2Q1iyversity of California Davis, 2017)
Personnel at the Space and Naval Warfare Systems Center at San Diego have previously outplanted
green abalonéNavy Currents Magazine, 201but have not done so with additionabalone species.

Various researchefsave conducted submersible surveys off Tanner and Cortes Banks to map abalone
habitat structure, examine distribution, and estimate the population §iagtler et al., 2006; Davis et al.,
1998; Hobday & Tegner, 2000hey recorded 258 animals, with 168 recattden Tanner Bank in 2002,

at depths ranging from 32 to 5&. In 2004, 35 individuals were recorded at Tanner Bank, 12 at<orte
Bank, and off San Clemente Island. The 2012 population estimate of 564 individuals at San Clemente
Island represented moderae increase from the egnate of 353 individuals in 20aQStierhoff et al.,

2014)

In July 2016, the U.S. Naaryd NMFSentered into a7-year Memorandum of Agreemei fund
projects benefitting white abalone recovefly.S. Department of the Navy & National Oceanic and
Atmospheric Administration, 2016} heactivities which include field and laboratty projectswill be
focused onTanner and Cortes Banksjt will also occur abanClemente Island and Point Loma
Programs includel in the agreement consist of fiefirveys and management assessments,
development otaggingmethods disease studieggenetic evaluation, and outplairtg monitoring.

3.4.2.2.2.4 Predator and Prey Interactions

Similar to black abalone, the white abalone diet varies with life history stage. As larvae, white abalone
do not actively feed while in the planktonic stage. After settling otablé substrate, abalone clamp

tightly to rocky substrates and feed on algal matter scraped from the rocks or trapped under their shells.
Young juveniles feed on bottothwelling diatoms, bacterial films, and benthic microflora. As they
increase in size antoecome less vulnerable to predation, abalone leave their sheltered habitat to

forage. Adult white abalone feed primarily on drifting fragments and attached macro@igdm®nal

Marine Fisheries Service & Southwest Regional Office, 2B@&Jators of white abalone include sea
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otters, fish, sea stars, crabs, spinydtéys, and octopuses, as well as humans through illegal harvesting
(Hobday & Tegner, 2000)

3.4.2.2.2.5 Species-Specific Threats

White abalone fage similar threatdo those of the black abalonge., historical overharvesting, current
low population densities, withering syndrommgmpetition with urchins and other abalone species for
food, and illegal harvest).ow population density and illegrvest are considered the primary current
threats(National Marire Fisheries Service & Southwest Regional Office, 2Bi@8yever, lBcause of the
small population of white abalone, impacts on the remaining population are magnified.

3.4.2.3 Species Not Listed Under the Endangered Species Act

Thousands of invertebrate speciescor in the Study Arediowever,the only species with ESA status
are the black abalone and white abalone (endangered), and the green abalone aradbaioke
(species of concernYhe variety of species spamany taxonomic groupggxonomy is anethod of
classifying and naming organisniglany species of marine invertebrates are commercially or
recreationally fished. Several species are federally managed as pestieriesunder the Magnuson
Stevens Fishery Conservation and Management Act.

Marine inverebrates are classified within major taxonomic groups, generally referred to as a phylum.
Major invertebrate phyla those with greater than 1,000 speci@Roskov et al., 2015; World Register of
Marine Species Editorial Board, 20d%)nd the general zones they inhabit in the Study Aresligted in
Table3.4-2. Vertical distribution information is generally shown for adults; the larval stages of most of
the species occur in the wateplumn. In additiorto the discretephyla listed there is a substantial
variety of singlecelled organisms, commonly referred to as protozoan invertebraked represent
several phylgdKingdom Protozoa ifable3.4-2). Throughout the invertebrates section, organisms may
be referred to by their phylum name or, more generally, as marine invertebrates.

Table3.4-2: Major Taxonomic Groups of Marine Invertebrates in the Haw8&iouthern
California Training and Testing Study Area

Major Invertebrate Group$ Presence in Study Aréa
CommonName _— Coastal
(Classificatior) Descriptiort S Waters
- N Benthic and planktonic singkelled Water
Foraminifera, radiolarians, . ) . . Water column,
h : organisms; shells typically made of calcium column,
ciliates(Kingdom Protozoa) o bottom
carbonate or silica. bottom
Mostly benthic animals; sessile filter feeder
. large species have calcium carbonate or sil
Sponges (Porifera) structures embedded in cells to provide Bottom Bottom
structural support.
Coralsanemoneshydroids, Benthlcanq pelagic ammalst W|th_ stinging Water column, Water
o o cells; sessile corals are main builders of co column,
jellyfish (Cnidaria) bottom
reef frameworks. bottom
. Mostly benthic; simplest form of marine Water column Water
Flatworms(Platyhelminthes) . ' " | column,
worm with a flattened body. bottom
bottom
Benthic marine worms with aextendable, Water column
Ribbon wormgNemertea) long tubularshaped extension (proboscis) Bottom
bottom
that helps capture food.
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Table3.4-2: Major Taxonomic Groups of Marine Invertebrates in the Haw&outhern
California Training and Testing Study Ar@antinued)

Major Invertebrate Group$ Presence in Study Aréa
Common Name _r Coastal
(Classificatiorn) Do Open Ocean Waters
Small benthic marine worms; frdiving or Water
L o . Water column,
Roundworms (Nematoda) may live in close association with other column,
! bottom
animals. bottom
Mostly benthic, sedentary to highly mobile
segmented marine worm@olychaetes);
Segmented worms (Annelida free-living and tubedwelling species; Bottom Bottom

predators, scavengers, herbivores, detritus
feeders, deposit feeders, and filter or
suspension feeders.

Small, colonial animals with gelatinous or
hard exteriors witha diverse array of growth
BryozoangBryozoa) forms; filter feeding; attached to a variety of Bottom Bottom
substrates (e.g., rocks, plants, shells or
external skeletons of invertebrates).
Softbodied benthic or pelagicrpdators,
filter feeders, detritus feeders, and herbivor|

Cephalopods, bivalves, sea | grazers; many species have a shell and Water column, \é\é?lﬁ:n
snails, chitons (Mollusca) muscular foot; in some groups, a ribbéke bottom '
. bottom

band of teeth is used to scrape food off roc
or other hard surfaces.

Shrimp, crabs, lobsters, Benthic and pelaglc predators, herplvores, Water
scavengers, detritus feeders, and filter Water column,

barnacles, copepods X . column,
feeders; segmented bodies and external bottom

(Arthropoda) bottom

skeletons with jointed appendages.
Benthic animals with endoskeleton made o
hard calcareous structures (plates, rods,
spicules); fivesided radial symmetry; many | Bottom Bottom
species with tube feet; predators, herbivore|
detritus feeders, anduspension feeders.
1 Major species groups (those with more than 1,000 species) are based on the World Register of Marine !
(World Register of Marine Species Editorial Board, 28h8)Catalogue of Lif@oskov et al., 2015)

2Presence in the Study Area includes open ocean areas (North Pacific Gyre and North Pacific Transition
and coastal waters of two large marine ecosystems (California Current and {Rswific Hawaiian). Occurrenc
on or within seafloor (bottom or benthic) or water column (pelagic) pertains to juvenile and adult stages;
however, many phyla may include pelagic planktonic larval stages.

3 Classification generally refers to the rank of phylum, although Protozotmasigionally recognized group of
several phyla of singleelled organisms (e.g., historically referred to as Kingdom Protozoa, which is still ret
in some references, such as in the Integrated Taxonomic Information System).

4 benthic = a bottorrdwelling organism associated with seafloor or substrate; planktorio erganism (or life
stage of an organism) that drifts in pelagic (water) environments; nekton = actively swimming pelagic orgi

Sea stars, sea urchins, sea
cucumbers (Echinodermata)
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Additional information on the biology, life history, and conservation of marine invertebrates can be
found on the websites maintained by the following organizations:

1 NMFS, particularly for BSisted species and species of concern
1 United States Coral Reef Task Force

1 MarineBio Conservation Society

1  Waikiki Aquarium

1 Monterey Bay Aquarium

3.4.2.3.1 Foraminiferans, Radiolarians, Ciliates (Kingdom Protozoa)

Foraminifera, radiolarians, and ciliates anéniscue singledcelled organisms, sometimes forming
colonies of cells, belonging to the kingdom Proto@jppeltans et al., 2010; Castro & Huber, 2000b)
They are found in the water column and the bottomof the world® oceans, and while most are
microscopic, some species grow to approximately &ttimeters(cm)(Hayward et al., 2016)n
general, the distribution of foraminifera, radiolarians, and ciliates is patatgyroing in regions with
favorable growth conditions.

Foraminiferasuch aghe genusGlobergerinaccur in the waters of the California Current and Insular
PacifieHawaiian Large Marine EcosystetiAsaminifera form diverse and intricate shells out of ¢ata
carbonate, organic compounds, or sand or other particles cemented tog@timversity of California
Berkeley, 2010a)The shells of faminifera that live in the water column eventually sink to thettom,
forming sof bottom sediments known as faminiferan ooze. F@minifera feed on diatoms and other
small organisms. Their predators include copepods and other zooplankton.

Radiolarians are microscopiooplanktonthat form shells made of silica. Radiolarian ooaegers large
areas of sofbottom habitat on the ocean floofPearse et al., 1987; University of California Berkeley,
2010e) Many radiolarian species contain symbiotic dinoflagellagetype ofsinglecelled organishor
algae. Radiolarians may also trap small particles or other orgafésmsdiatomsjhat drift in the

water column.

Ciliates are protozoans with small héike extensions that are used for feeding and movement. They are
a critical food source for primary consumers and are considered important parasites of many marine
invertebrates Cilates feed on bacteria and algae, and some species contain symbiotic algae.

3.4.2.3.2 Sponges (Phylum Porifera)

Sponges include approximately 8,550 marine species worldwide and are classified in the Phylum Porifera
(Van Soest et al., 2012; World Register of Marine Species Editorial Board,28d5jes are
bottom-dwelling, multicellular animals that can be best described as an aggregation of cells that
perform different functions. Sponges are lahg sessile, and are common throughout the Study Area at
all depths.Sponges are typically found on intermedi&igttoms (unconsolidated substrate that is

mostly gravel or cobblsized)to hard bottoms, artificial structures, and biotic ree§ponges remduce
both sexually and asexually. Water flow through the sponge providesanddxygen, and removes
wastes(Pearse et al., 1987; University of California Berkeley, 20T0 filtering process is an
important coupler of processdbkat occu in the water column and on the bottoifPereaBlazquez et

al., 2012) Many sponges form calcium carbonate or siipaules or bodies embedded in cells to
provide structural supportCastro & Huber, 2000b; Van Soest et al., 20%@pnges provide homes for a
variety of animals includinghrimp, crabs, barnacles, worms, brittle stars, sea cucumbers, and other
spongeqColin & Arneson, 19950Fommon native species in the Insular Patiféavaiian Large Marine
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Ecosystem include lobate spongtuerites zetekiandSpongia oceaniéDe Laubenfels, 1950, 1951)
although some introduced species have become widespreadelisSponges in the genefarreg
HyalonemaandSuberiteoccur in the waters of the California Current Large Marine Ecosy&tarke
et al., 2015)Some sponge speciese harvested commercially.

3.4.2.3.3 Corals, Hydroids, Jellyfish (Phylum Cnidaria)

There are over 10,000 marine species within the phylum Cnidamiltiwide (World Register of Marine
Species Editorial Board, 2018)though there is taxonomic uncertainty witlssome groupgVeron,

2013) Cnidarians are organized into four classes: Anthozoa (coralspee@aes, sea pens, sea

pansies), Hydrozoa (hydroids and hydromedusae), Scyphozoa (true jellyfish), and Cubozoa (box jellyfish,
sea wasps)ndividuals are characterized by a simple digestive cavity with an exterior mouth surrounded
by tentacles. Microscopistinging capsules knovas nematocysts are presefdspecially in the

tentacles) in all cnidarians and are a defining characteristic of the phylum. The majority of species are
carnivores that eat zooplankton, small invertebratasd fishesHowever,many speciedeed on

plankton and dissolved organic matter containsymbioticdinoflagellatealgae(zooxanthellaejhat
producenutrients by photosynthesi¢Brusca & Brusca, 2003; Dubinsky & BeriReamk, 2001; Lough &

Ly hLIWSYS wnndT blFdAz2ylrf hOSIYAO FYyR ! iY2&aLIKSNRO
Program, 2016 Representativepredators ofcnidariarsinclude sea slugs, snails, crabs, sea stars,-coral

and jellyfisheating fish, and marine turtle€nidariangnay be solitary omayform colonies

Cnidariandave many diverse body shapes, but may generally be categorized astarelasic forms:
polypand medusaThe polyp form isubularand sessileattached at one end witthe mouth

surrounded by tentacleat the free end Corals andeaanemones are examples of the polyp form. The
medusaform isbell- or umbrellashaped(e.qg., jellyfish)with tentaclestypically around the rimThe
medusa form generally is pelagic, although there are exceptions. Manies@ternate between these
two forms during their life cycle. All cnidarian species are capable of sexual reproduction, and many
cnidarians also reproduce asexually. Tiee-swimminglarval stagds usually planktonic, but is benthic
in some species.

Awide variety ofcnidarianspecies occur throughout the Study Area at all depthsiamadost habitats,

including hard and intermediate shores; soft, intermediate, and hard bottom; aquatic vegetation beds

and artificial substrates. Some cnidarians form leidiabitats that harbor other animaénd influence

ecological processethe primary examples beirghallowwater and deepwater stonycorals.In this
aSO0A2y> O2NXfa FNBE RA&AOdzaaSR Ay GSN¥Xa 2F AYRAOAR
defined as follows: Species of the phylum Cnidaria, including all species of the orders Antipatharia (black
corals), Scleractinia (stony corals), Gorgonacea (horny corals), Stolonifera (organ pipe corals and others),
Alcyonacea (soft corals), and Heliopoza (blue coral) of the class Anthozoa; and all species of the

families Milleporidea (fire corals) and Stylastreridsgyl@sterid hydrocora)sof the class Hydrozoa.

Precious corals are neneef building and inhabit depth zones below the euphotic zdey are found

2y a2t AR &dzoad0dN}XGS Ay IINBlFa GKFG lgrddertdas SLIG NBE | GA
250YkaSO02yRO 060200G2Y OdINNByiGad t NEOA2dza O2NIfa YI @
5SSLImgl G SNI LINS OA 2 dzad betdded 35Gand 1NE0 m=asdynslide dink Eoralt 2 dzy
(Corallium secundumgold coralGerardiaspp. andParazoanthuspp.), and bamboo cordlépidisis

olapa). Shallow water species occur between 30 and 100 m and consist primarily of three species of

black cwal: Antipathes dichotomgAntipathes grandisandAntipathes ulex
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Corals occur throughout the Hawaiian Archipelagpproximately 250 species of corals are found in the
region including 59 scleractinian stony corals, 137 species of octocorals, 14 gétdaiak coral,

12 species of soft coral, and 4 species of stylasterid hydroc@ivisagos et al., 2004Pominantcoral
speciedn the Main Hawaiian IslandscludeM. capitata M. flabellata M. patula P. meandrinaP.
compressaP.lobata, andP. variangFranklin et al., 2013; Friedlander et al., 200&H)mmon
scleractinian corals of mesophotic reefs include several species of the gepisseri¢gKahng &

Maragos, 2006)Coral coverage is generally highest in the southern portion of the archipelago
(Friedlander et al., 2008bjiowever,more specie®f stony coraliave been documented in the
Northwestern Hawaiian Islands (57) than in the Main Hawaiian Island§Hi3€dlander etl., 2008a;
Friedlander et al., 2008b; Jokiel, 2008)

Although corals in temperate waters are not rdmfilding, the corals provide vertical relief and habitat
that supports many organisms. For exampleingle dead colony @hristmas tredlackcoral

(Antipathes dendrochristy®bserved by submersible adduthern Californiavas colonized by over

2,500 individual invertebratesncluding other cnidarianséaanemones andorals), crustaceans,
echinoderms, molluscgnd polychaete wormé_ove et al., 2007Burveys using trawls, submersibles,
and remotdy operated vehicles conducted on outer continental shelf bank and rock outcrops off
southern California have documesttnumerouscoral species, including scleractinian stony corals,
antipatharian black corals, gorgonian octocorals (sea fans), alcyonacean soft corals, pennatulacean
octocorals (sea pensandstylasterine hydrocorglEtnoyer & Morgan, 2003; Whitmire & Clarke, 2007;
Yoklavich et al., 20123)

Corals that are associated wittopicalshallowreefs and temperate rocky habitats are vulnerable to a
range of threats, including fishing impacts, pollution, erosion/sedimentation, coral harvesting, vessel
damage temperature increase, and climate chan§eshing practices such as blast fishing aagping
may be particularly destructive to coral reefs. In addition, removal of herbivorous fishes may result in
overgrowth of coral reefs by alggBeMartini & Smith, 2015Because corals are slow growing and can
survive for hundreds of yeafkove et al., 2007; Roberts & Hirshfield, 200&overy from damage

could take many year€orals that occur in association withedlow-water coral reefs are protected by
Executive Order 13089, Coral Reef Protection, and managed by the Coral Reef TagkxEoutive

Order 13089: Coral Reef Protecti@3 Federal Registe82701;32703 [June 16, 1998]The Navy is the
Departmentof Defenserepresentative to the United States Coral Reef Task Force and also carries out
the Coral Reef Protection Implementation P{&obel & Lobel, 2000)

Deepwater corals are azooxanthellate (lack symbiotic algae) thus do not form consolidated
biogenic substrate, but rather form mounds of intermediate substrate over hard bottom dbeap-
water coraltaxa in theStudy Areaonsist primarily of hexacoralst¢ny corals, black cosland gold
corals), octocorals (e.g., true soft corajsygonianssea pens)and hydrocoralge.g., lace corals)
(Hourigan et al., 2017apeepwater corals are widely distributed throughout the United States Pacific
Island regionincluding the HawaiiaArchipelago(Parrish et al., 2015)n general, deep corals in the
Hawaii region do not form the extensive thrd@mensional reef structures observed in the Atlantic and
South Pacific. Octocorals and antipatlas plackcorals) have been found in high densities at
numerous sites, particularly on topographically high ar€eepsea coral communities are prevalent
throughout the entire HawaiiaArchipelago(Etnoyer & Morgan, 2003nd have been found at all
depths investigated (maximum of about 1,8@) where suitable substrate exisiBaco, 2007)
Approximately 200 species of deep corals (octocorals, antipatharians, and zoanthids) have been found in
the Hawaiian Archipelago regigRarrish & Baco, 2007; Parrish et al., 20PB¢cious corals, black
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corals, and various octocoral species appear to be the most numerousveltepcorals at depths less
than about 600 m, while octocorals dominate below 60QRarrish et al., 20158udy results indicate
that stony corals are relatively rare at d#pths and that most species are solitary (raolonial).
Gorgonians are the most common group of desga corals in the Hawaiian Islands.

Most of the habitatforming deepsea corals in th&uthern Californiaportion of the Study Areare
anthozoans anthydrozoangEtnoyer & Morgan, 2003; Etnoyer & Morg@005) Deepwater corab

have been documented throughout the Southern California Bigbhégally considered to be the area
between Point Conception and San Diego, California), although the corals appear to be more restricted
in the region near San Dieddeepwater areas off the California coast, including the Channel Islands
National MarineSanctuary, support numerous corals such as sea fans (gorgothiapbglia pertusa
scleractinians such dise cup coralCaryophyllia arnoldiand black coral@Nationd Oceanic and

Atmospheric Administration Fisheries & Southwest Fisheries Science Center, 2010; Whitmire & Clarke,
2007) At least 26 taxa of deep corals were recorded at a site withirCtha@nnel Islandsanctuary

(Clarke et al., 2015} arge populations ofyfdrocorals occur at Tanner, Cortes, and Farnsworth Banks,
offshore of southern Californiggouthern California Marine Institute, 2018)uch of the rocky area of
Farnsworth Bank to depths of @6wasfound to be covered by the hydrocor@tylaster californicus

(Clarke et al., 2015%urveys of a rocky bank south of Anacapa Island (depths of 97 to 314 m) found
gorgonians and the black coraldendrochristogo be relatively abundantAdditional surveysf a

nearby bank at depths of 275 to 900 m documenteainerous corals, primarily including
dendrochristosthe soft mushroom cordifleteropolypus ritteriseveral sea fan speciés,pertusathe

cup coraDesmophyllum dianthyand the sea pefialipteris alifornica(on soft sediment only).

Numerous species, including gold coral species, have been documented during various other surveys of
banks off southern California.

The greatest threat to deepvater coral is physical strike and disturbance resultingiffluman

activities Deep corals are susceptible to physical disturbance dtigetbranching and fragile growth
form of some specigsslow growth rate (colonies can be hundreds of years old), and low reproduction
and recruitment rates. iBhingactivities,particularly trawling, are the primary threats to deep corals
(Boland et al., 2016; Hourigan et al., 2017b; Packer et al., 2017; Rooper et al., 2016; Yoklavich et al.,
2017) Marine debrids also a potential threat. For examptiuring one studyn the Atlantic Oceara
fishing trap, fishing line, blalon remnants, and ribbowas observeeither lying on or wrapped around
deepsea coraldocated off the northeastern hited Sates (Quattrini et al., 2015)Other potential
humancaused threats to deepvater corals include coral harvestifgg., black coralshydrocarbon
exploration and extraction, cable and pipeline installation, and other bottlisturbing ativities

(Boland et al., 2016; Clarke et al., 2015; Parrish et al., 2R&H)ral threats consist of sedimentation

and bioerosion of the substrate.

3.4.2.3.4 Flatworms (Phylum Platyhelminthes)

Flatworms include between 12,000 and 20,000 marine species worldWidedd Register of Marine
Species Editorial Board, 20X5)d are the simplest form of marine worf@astro & Huber, 2000bJhe
largest single group of flatworms are parasites commonly found in fishes, seabirdsasine
mammals(Castro & Huber, 2000b; University of California Berkeley, 20T0ie)life history of parasitic
flatworms plays a role in the regulation of populatiafdhe marire vertebrates they inhabit. Ingestion

by the host organism is the primary dispersal method for parasitic flatwdPassitic formsre not
typically found in the water column outside of a host organism. The remaining groups ajerasitic
carnivores,iving without a host. Flatworms are found throughout the Study Area living on rocks in tide
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pools and reefs, or within the top layer of sandy areas. Dominant genera of flatworms in the Insular
PacifiecHawaiian Large Marine Ecosystem incl@deudobiceroand Pseudocerog-latworms in the
generaWaminoaand Freemaniaoccur in the waters around the California Current Large Marine
EcosystemsSeveral species of wrasses and other reef fish prey on flatw(astro & Huber, 2000a,
2000b)

3.4.2.3.5 Ribbon Worms (Phylum Nemertea)

Ribbon worms include over 1,300 marine spsaiorldwide(World Register of Marine Species Editorial
Board, 2015)Ribbon worms, with their distinct gut and mouth parts, are more complex than flatworms
(Castro & Huber, 2000bA unique feature of ribbon worms is tleetendableproboscigan elongated,
tubular mouth part) which can bejectedto capture preyto aid inmovement or for defensgBrusca &
Brusca, 2003Most ribbon worms are active, bottouwelling predators of small invertebrates such as
annelid worms and crustaceafBrusca & Brusca, 2003; Castro & Huber, 200Bbine are scavengers

or symbiotic (parasites or commensalShme ribbon worms are pelagic, withpoximately 10(pelagic
species identified from all oceafRoe & Norenburg, 1999%elagic species generally drift or slowly

swim by undulating the bodRibbon worms exhibit a viety of reproductive strategies, including direct
development with juveniles hatching from egg cases and indirect development from planktonic larvae
(Brusca & Brusca, 2003) addition, many species are capable of asexual budding or regeneration from
body fragments. Ribbon worms haveedatively smalhumber of predatorsincluding some bils,

fishes, crabs, molluscs, squid, and other ribbon washeDermott, 2001)Ribbon worms are found
throughout the Study Area. They occur in most marine environmaittsough usually in low

abundances. They occur in embayments; soft, intermediate, and rocky shores aitthshabitats of
coastal waters; and deegea habitats. Some are associated with biotic habitats such as mussel clumps,
coral reefs, kelp holdfasts, seagrass beds, and worm burfokisl & Kruse, 2001Approximately

10 specieof ribbon wormsfrom the classe&noplaand Enoplaare known from HawaiHawaiisfishes,
2017) andatotal of 64 species have been identifietintertidal habitats of Californi@Bernhardt,

1979)

3.4.2.3.6 Round Worms (Phylum Nematoda)

Round worms include over 7,000 marine spe¢iferld Register of Marine Species Editorial Board,

2015) Round worms are small and cylifwdd, abundant in sediment habitats such as soft to

intermediate shores and soft to intermediate bottoms, and also found in host organisms as parasites
(Castro & Huber, 2000blRound worms arsomeof the most widespread marine invertebrates, with
population densities of up t& million or more organisms per square meter of sedimgmvinton,

2009) This groughas a variety of food preferences, including algae, small invertebrates, annelid worms,
and organic material from sediment. Like paradlatworms, parasitic nematodes play a role in

regulating populations of other marine organisms by causing illneswodality. Species in the family
Anisakidae infect marine fish, and may cause illness in humans if fish are consumed raw without proper
precautiongCastro & Huber, 2000blRound worms are found throughout the Study Area.

3.4.2.3.7 Segmented Worms (Phylum Annelida)

Segmented worms include approximatel,d00currently accepteanarine species worldwide in the
phylum Annelida, althougthe number ofpotentially identifiedmarine species is nearly 25,00&orld
Register of Marine Species Editorial Board, 2085t marineannelidsare in the clas®olychaeta
Polychaetes are the most complex group of marine worms, with adegkloped respiratory and
gastrointestinal syster{iCastro & Huber, 2000bpifferent species of segmented worms may be highly
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mobile or burrow in the bottom (soft to intermediate shore or bottom habitgtSastro & Huber,

2000b) Polychaete worms exhibit a variety of life styles and feeding strategjielsnay bepredators,
scavengers, deposieeders, filterfeeders, or suspensiondders(Jumars et al., 2015The variety of
feeding strategies and close connectiorilte bottom make annelids an integral part of the marine food
web (Levinton, 2009)Burrowing and agitating the sediment increafige oxygen content of bottom
sediments and makes important buried nutrients available to other organisms. This allows baateria
other organisms, which are also an important part of the food web, to flourish on the bottom. Benthic
polychaetes also vary in their mobility, including sessile attached ordulmling worms, sediment
burrowing worms, and mobile surface or subsurfag@ams. Some polychaetes are commensal or
parasitic. Many polychaetes have planktonic larvae.

Polychaetes are found throughout the Study Area inhabiting rocky, sandy, and muddy areas of the
bottom, vegetated habitats, and artificial substrates. Some asmeaiated with biotic habitats such as
mussel clumps, coral reefs, and worm burrows. Some species of worms build rigiDifegtraspp.)

or sandencrusted Phragmatapomaspp) tubes and aggregations of these tubes formteuctural
habitat. Giant tubevorms Riftia pachyptila are chemosynthetiauginga primary production process
without sunlight) reefforming worms living on hydrothermal vents of the abyssal oceans. Their
distribution is poorly known in the Study Areéfatotal of 20 taxa of annelidavms were documented at
intertidal locations of Oahu, compared to 71 taxa in central Califddaain et al., 2013)

3.4.2.3.8 Bryozoans (Phylum Bryozoa)

Bryozoans include approximately 6,000 marine species worldMtteld Regier of Marine Species
Editorial Board, 2015)hey are small beike, colonyforming animals that make up thi#ace corals
Colonies can be encrusting, branching, or fiiging. Bryozoanmay form habitat similar in complexity

to spongegBuhiMortensen et al., 2010)Bryozoans attach to a vatyeof surfaces, including

intermediate and hard bottom, artificial structures, and algae, and feed on particles suspended in the
water (Hoover, 1998b; Pearse et al., 1987; University of California Berkeley, 28t@ooans are of
economic importance for bioprospecting (the search for organisms for potential commercial use in
pharmaceuticals). As common biofouling orgarss bryozoans also interfere with boat operations and
clog industrial water intakes and conduftdoover, 1998b; Western Pacific Regional Fishery
Management Council, 2001Bryozoans occur throughout the Study Area but are not expected at depths
beyond the continatal slope(Ryland & Hayward, 199Babitatforming species are most common on
temperate continental shelves with relatively strong currefgood et al., 2012)Common species in

the Insular Pacifitlawaiian Large Marine Ecosystem wi@et encrusting bryozoa(Disporella violacéa
andlace bryozoarfReteporellina denticula). Specieshat occur in the California Cunt Large Marine
Ecosysteninclude arborescent bryozoans of the gefiggulaandencrusting bryozoans of the genus
Schipporella

3.4.2.3.9 Squid, Bivalves, Sea Snails, Chitons (Phylum Mollusca)

The phylum Mollusca includes approximately 45,000 marine speciedwidd (World Register of

Marine Species Editorial Board, 201Bhese organisms occur throughout the Study Area, including

open ocean areas, at all depths. Sea snails and slugs (gastropods), clams and mussels (hiNahses), c
(polyplacophorans), and octopus and squid (cephalopods) are examples of common molluscs in the
Study Area. Snails and slugs occur in a variety of soft, intermediate, hard, and biogenic habitats. Chitons
are typically found on hard bottom and arti¢ structures from the intertidal to littoral zone but may

also be found in deeper water and on substrates such as aquatic plants. Many molluscs possess a
muscular organ called a foot, which is used for mobility. Many molluscs also secrete an extdtnal she
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(Castro & Huber, 2000palthough some molluscs have an internal shell or no shell @tiatiional
Oceanic and Atmospheric Administration Fisheries, 20883 snails and slugs éashy algae and a
variety of invertebrates, including hydroids, sponges, sea urchins, worms, other snails, and small
crustaceans, as well as detrit(Gastro & Huber, 2000b; Colin & Arneson, 1995a; Hoover, 19G8&bjs,
mussels, and other bivalvese filter feeders, ingestinguspended food particles (e.g., phytoplankton,
detritus) (Castro & Huber, 2000bfhitons, sea shails, and slugs use rasping tongues, known as radula, to
scrape food (e.g., algae) off rocks or other hard surféCestro & Huber, 2000b; Colin & Arneson,
1995a) Squid and octopus are active swimmers atlapths and use a beak to prey on a variety of
organisms including fish, shrimp, and other invertebrgtéastro & Huber, 2000b; Hoover, 1998b;
WesternPacific Regional Fishery Management Council, 2@dtppuses mostly prey on fish, shrimp,
eels, and crab8/Nood & Day, 2005)

Important commercial, ecological, and recreational species of molluscs in the Insular-Rawsifitan
Large Marine Ecosystem includerious species of squid, the endemic cuttlefigbgrymna scolopgs
bivalves (clams and mussels), and limp&sliana exaratand Cellana sandwicengi@Nestern Pacific
Regional Fishery Management Cour2@l01) Important commercial, ecological, and recreational
species of molluscs in the California Current Large Marine Ecosystem inulitge#e abalonespecies
California market squidoryteuthis opalescehéClark et al., @05), keyhole limpet Kegathura
crenulatg, Kelle®@ whelk Kelletia kelletig various species afctopus, sea hareAplysiaspp.), shails
(Lithopoma undosupniregulaspp.),and Pismo clamTl{vela stultorum Only one species of abalone, the
red abalongHaliotis rufescerjsis currently fished recreationally, north of San FramcBounty The
abalone fishery is closed to all commercial fishBlgck abalone and white abalone are listed under the
ESAseeSection3.4.2.2.1, Black AbaloneHaliotis cracherodijand Section3.4.2.2.2 White Abalone
[Haliotis sorensel)i, while the green abaloneHaliotis fulgensand pink abaloneHaliotis corrugataare
designated as species of concern

3.4.2.3.10Shrimp, Crab, Lobster, Barnacles, Copepods (Phylum Arthropoda)

Shimp, crabs, lobsters, barnacles, and copepods are animalsawiioskeleton which isa skeleton on
the outside of the bodyCastro & Huber, 2000band are classified as crustaceans in the Phylum
Arthropoda. Theexoskeletons arenade ofa polymer called chitin, similar to cellulose in plants, to which
the animals adather compounds to achieve flexibility hardness. There are over 57,000 marine
arthropod species, with about 53,000 of these belonging to the subphylum Crugiatehd Register of
Marine Species Editorial Board, 2015hese organisms occur throughout thedt Area at all depths.
Crustaceans may be carnivores, omnivores, predators, or scavengers, preying on molluscs (primarily
gastropods), other crustaceans, echinoderms, small fishes, algae, and s€®¢émigki Aquarium,

2009a, 2009h, 2009c; Western Pacific Regional Fishery Management CouncilB200&les andome
copepodsare filter feeders, extractinglgae and small organisms from the watkevinton, 2009)
Copepods may also be parasitic, affecting most phyla of marine aniwlalter & Boxshall, 2017As a
group, arthropods occur in a wide variety of habitats. Shrimghgrlobsters, and copepods may be
associated with soft to hard substrates, artificial structures, and biogenic habitats. Barnacles inhabit
hard and artificial substrates.

Important commercial, ecological, and recreational species of Crustacea in ther IRaglfiecHawaiian
Large Marine Ecosysteimcludeseveral lobster specidsom the taxonomic groups Palinuridae (spiny
lobsters) and Scyllaridae (slipper lobstgi)estern Pacific Regional Fishery Management Council,
2009) Lobstersoccur primarily within the subtidal zone, although their range can extend slightly
deeper.Most species occur throughout the tropical oceansluod tvorld, while theendemicHawaiian

3.4-28
3.4 Invertebrates



HawairSouthern California
Training and Testing Final EIS/OEIS October 2018

spiny lobster is found only in Hawaii and Johnston ARmlovina et al., 1999)mportant commercial,
ecological, and recreational species of Crustacea in the California Current Laaige Ecosystem
include the spot shrimpRandalus platycerdsridgeback rock shrimfs{cyonia ingentjs rock crab
(Cancemspecies), sheep crahdxorhynchus grandisand California spiny lobsté€lark et al., 2005)

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

Organisms in this phylum include over 7,000 marine species, such as sea stars, sea urchins, and sea
cucumbergWorld Register of Marine Species Editorial Board, 204&goids (e.g., sea stars),

echinoids (e.g., sea urchins), holotbigs (e.g., sea cucumbers), apioids (e.g., brittle stars and basket
stars), and crinoids (e.g., feather stars and sea lilies) are symmetrical around the center axis of the body
(Mah & Blake, 2012Echinoderms occur at all depth ranges from the intertidal zone to the abyssal zone
and are almost exclusively benthic, potentially found on all substrates@acdtures Most echinoderms

have separate ses, buta few species afea stars, sea cucumbers, and brittle staseboth male and

female reproductive structuresviany species have exterrfattilization, releasing gametes into the

water to produce planktonic larvae, but some brood their egaysd releasdree-swimming larvaéMah

& Blake, 2012; McMurray et al., 201RJany echinoderms are either scavengers or predatorsassile
organisms such as algae, stony corals, sponges, clams, and oysters. Some species, however, filter food
particles from sand, mud, or watérloover, 1998a)redatorsof echinodermsnclude a variety of fish

species (e.g., triggerfish, eels, rays, sharks), crabs, shaatppuses, bids, and other echinoderms
(seastars).

Echinoderms are found throughout the Study Area. Important commercial, ecological, and recreational
species in the ular PacifidHawaiian Large Marine Ecosystem include helmet ur@itobocentrotus
atratus), burrowing sea urchirgchinometra mathagj sea cucumbers, and sea stars. The crofvn
thorns sea starAcanthaster plangiis a carnivorous predator that feeds caal polyps and can
devastate coral reefs. In 1969, crowithorns sea stars infested reefs off southern Molokai but did not
cause extensive damage to living coral polyps of cauliflower (@rdko, 1998; Hoover, 1998b)
Important commercial, ecological, and recreational species of echinoderms in the California Current
Large Marine Ecosystem include California sea cucumBaragtichopusalifornicug, sea stars
(Pisasterspp.), red sea urchirsfrongylocentrotus franciscanysnd purple sea urchirs(purpuratug
(Clark et al., 2005Beginning in 2013, large numbers of sea stars have died along the west coast of
North America due to sestar wasting diseasgHewson et al., 2014; Miner et al., 2018je virus

causing the disease has also been founse@urchins and sea cucumbers, although massoffie have

not been documentedor these taxa.

3.4.3 ENVIRONMENTAL CONSEQUENCES

This section evaluateotv and to what degree the activities described in Chapter 2 (Description of
Proposed Action and Alternatives) potentially impact invertebrates known to occur within the Study
Area. Tabl.6-1 through Table2.6-5 present theproposedtraining and testingactivity locationgor
eachalternative(including number o&ctivitieg. General characteristics of all Navy stressors were
introduced in Section 3.0.3.3 (Ideniifig Stressors for Analysis), and living resoutgesieral
susceptibilities to stressors weintroduced in Section 3.063(Biological Resource Methods). The
stressors vary in intensity, frequency, duration, and location within the Study Area. The stressors
analyzed for invertebrates are:

9 Acoustics (sonar and othetransducersair gurs, pile diiving, vessehoise weapons noisg
1 Explosives (explosions in water)
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1 Energy(in-water electromagnetic devicesigh-energylasers)

1 Physical disturbance and strikgwesselsaindin-water devicesmilitary expended materials
seafloor devicesile driving

1 Entanglement(wires and cablesleceleratorsparachutesbiodegradable polymejs

1 Ingestion(military expended materialsmunitions military expended materialsther than
munitions)

1 Secondary stressorgimpactson habitat, impactson prey availability

The analysis includes consideration of the mitigation that the Navy will implement to avoid potential
impacts on invertebrates from explosivesid physical disturbance and strikes.

3.4.3.1 Acoustic Stressors

Assessing whether sounds may disturb or injur@rimal 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. Marine invertebrates are likely only sensitive to water
particle motion caused by nearby leinequency sources, and likely do not sense distant or aid
high-frequency sounds (Sectid4.2.1.3 Sound Sensing and Pradion). Compared to some other taxa
of marine animals (e.g., fishes, marine mammditslg information is available on the potential impacts
on marine invertebrates from exposure to sonar and other sepratiucing activitiegHawkins et al.,
2015) Historically, many studies focused on squid or crustaceans and the consequéegpssures to
broadband impulsiveair gurs typically used for oil and gas exploratitdore recent investigations have
included additional taxa (e.g., molluscs) and souraktspughextensive information is not available for
all potential stressors anidhpact categoriesThe following Background sections discuss the currently
available informatioron acoustic effects to marine invertebrat&hese effects range from physical
injury to behavioral or stress respongespects of acoustic stressors that aplicable to marine
organisms in general are presented in Section 3BAL3Conceptual Framework for Assessing Effects
from Acoustic and Explosive Activities).

3.4.3.1.1 Background

A summary of available information related to each type of effect is presentduakifotlowing sections.

Some researchers discuss effects in terms of the acoustic near field and far field. The near field is an area
near a sound source where considerable interference between sound waves emerging from different
parts of the source is presat. Amplitude may vary widely at different points within this acoustically

complex zone, and sound pressure and particle velocity are generally out of phase. The far field is the
distance beyond which sound pressure and particle velocity are in phaseyall waves appear to

originate from a single point, and pressure levels decrease predictably with distance. The boundary
between the near and far field is frequendgpendent, with the near field extendirfgrther at lower
frequencies. It has been estirtea that the near field for a sound of 500 Hz (intensity not specified)

would extend abouB m from the sourcéMyrberg, 2001)

3.4.3.1.1.1 Injury

Injury refers to the direct effects on the tissues or organs of an animal due to exposure to pressure
waves or particle motion. Available information on injury to invertebrates resulting from acoustic
sources pertains mostly to damage to the statocystoayan sensitive to water particle motion and
responsible for balance and orientation in some invertebrates. A few studies have also investigated
effectsto appendages and other orgarend one study investigated zooplkdon mortality in response

to air gunfiring.
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Researchers havavestigated the effects afoise onAmerican lobsters exposed to air gun firings in an
aquarium and in the fiel@Payne et al., 2007).obsters in theguarium were plaed about 3.5 nfrom

the air guns and exposed to sound levels of about 200 dB {joep&ak). Caged lobsters in the field
were located 2n from the air guns and exposed to higkiatensity sound levels (about 230 dB pdak
peak). No physical damage to apglages and no effects on balance or orientation (indicating no
damage to statocysts) were observed in any lobsters. No visible evidence of damage to hepatopancreata
(digestive glands) or ovaries were fouidged snow crabsChionoecetes opiljavere expogdto
repeated air gun firings in the fie(€hristian et al., 2003Crabs exposed to a single ainguere placed
at depths of 2o 15 m, while crabs exposed to air gun asayere placedtedepths of

4to 170 m. Air guns were fired during multiple sessions, with each sessimisting of a firing every
10seconds for 33 minute®eak received levels werp to 207 dB re 1 pPa and 18écibels reference
to 1 squarednicropasca(dB re 1uP&) (single gun), and 237 dB re 1 pPa and 175 dB re A(afray)
Postexperimental examination showeno physical damage to statotyshepatopancreata, heart
muscle or surrounding tissue, carapace, or appenda@@s comparison, air guns operateduat
capacity during Navy activities would produge&PLlof approximately 206 dB re 1 plRasand a sound
exposure leve(SELYf 185to 196 decibels referenced to 1 micropascal squaped second(dB re

1 uP&-s) at a distance 1 m from the air gun. Aiins are also operated at less than full capacity,
resulting in reducedound levels

In three instances,essmic air gun use has been hypothesized as the cause of giant squid stramtiags
was based on thproximity in time and space of the squid angepating seismic vessels and, in two of
the events, to physical injuries considered consistent with exposure to impulsive acoustic(Baees
et al., 2004; Guerra & Gonzales, 2006; Leite eR@ll6) However, because the animals were not
observed at the time of potential impact, the cagsf the injuries and strandings cannot be
determinedconclusively.

Zooplankton abundance and mortality was investigated in the comk&kposure to air gun firings in an
open ocean environmer(McCauley et al., 2017)Net tows and sonar surveys were conducted after
transects involving air gun firings wezempleted The results indicated decreased zooplankton
abundance and increased mortality as a result of exposure. The rhostlant organisms (copepods

and cladocerans [water fleas]) showed a 50 percent decrease in abundance at distances of about 500 to
700 m from the source. Received noise level at this distance was about 156 dB reslSHEaand

183dB re 1 yPa pealo-peak There was no effect on the abundance of these specific taxa at distances
of about 1kilometer km) from the source (153 dB re 1 iPRSEL and 178 dB re 1 pPa peageak).
However, an overall decrease in zooplankton abundance was reported at distaradgsut 1.2 km

from the source. The authors speculdtinat the effects could have been caused by damage to external
sensory hairs on the organisms.

Physiological studies of wild captured cephalopods found progressive damage to statocysts in squid and
octopus species after exposure 2dours of lowfrequency (500 400 Hz) sweeps (100 perteduty

cycle)at SPLof 15mT p R. (Nddré et al.>2011; Sole et al., 2018)s noted thathe animals

were in the near field (distance was not specified in the report, but animals were likely within a few to
several feet of the sound source based on the experiment description) where there is significant particle
motion. In a similar experimerdesigned to control for possible confounding effects of experimental

tank walls, common cuttlefisiBgpia officinallswere exposed t@ hours of lowfrequency sweeps (100

to 400 Hz; 100 percemuty cycle with d-second sweep period) in an offshore exviment(Sot et al.,

2017) Sounds were produced by a transducer located near the surface, and caged experimental animals
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were placed at depths between 7 and 17 m. Recesathd levels ranged from 139 1@2 dB re 1 yPa
Maximum particle motion of 0.7 meter peguared second was recorded at the cage nearest the
transducer (7.1 m between source and cage). Progressive damagesmrgdair cells of the statodgs
were found immediately after and 48 hours after sound exposure, with the severity of effects being
proportional to distance from the transducer. The authors suggest that whodly vibrations resulting
from particle motion were transmitted to the statocysts, causing damage to the stregt$tatocyst
damage was also found in captive individuals of tWyfish species (Mediterranean jellyfish
[Cotylorhiza tuberculajeand barrel jellyfishRhizostomaulmd) under the same exposure Eaneters
(50to 400 Hz sweep<2-hour exposure time; 100 peroeduty cycle with d-secondsweep period;
approximately 13tomT p R. NB ™M ¥Solke et AlB2018)h WeScBntekt bf owerall
invertebrate population numbers, mostdividuals exposed to acoustic stressors would be in the far
field where particle motion would not occur antherefore, the types of damage described above would
not be expected. In additigrexposure duration would be substantially less tRdrours.

This limited information suggests that the potential for statoayamage may differ according to the
type of sour (impulsive or continuoug)r among invertebrate taxa (e.grustaceans and
cephalopods). Therefore, a definitigenclusion regardingotential impactson invertebrates in general
is unsupported. Althoughmvertebrate occurrence varies based on location, depth, season, and time of
day (for example, the rising of the deep scattering lawdrich consists ohumerous invertebrate taxa),
individuals could be present in the vicinity of impulsive or4mpulsivesounds produced by Navy
activities. Estimation of invertebrate abundance at any particular location would generally not be
feasible, but there is a general pattern of higher abundances in relatively productive estuarine and
nearshore watergompared to abindances in offshore portions of the Study Aréae number of
individuals affected would be influenced by sound sensing capabilities. As discussed inB4@&itr8
(Sound Sensing and Production), invertebrate acoustic sengingiablylimited to the particle motion
component of sound. Water particle motion is most detectable near a sound source and at lower
frequencies, whiclikely limits therange at which invertebrates can detect sound.

3.4.3.1.1.2 Physiological Stress

A dress response consists of one or more physiological changes (e.g., production of certain hormones)
that help an organism cope with a stressor. However, if the magnitude or duratitwe stress

response is too great or too prolonged, there can be negative consequences to the organism.
Physiological stress is typically evaluated by measuring the levels of releoainémicadin the subject
organisms

The results of two investigatiomd physiological stress in adult invertebrates caused by impulsive noise
varied by species. Some biochemical stress markers and changes in osmoregulation were observed in
American lobsters exposed to air gun firings at distancegppfoximately2 to 4 m from the source

(Payne et al., 2007)ncreased deposits of carbohydratssggesting possible stress responseere

noted indigestive glanaells4 months after exposure. Conversely, repeated air gun exposures caused
no changes in biochemical stress markers in snow crabs located®ftorh70 mfrom the source

(Christian et al., 2003

Several investigations of physiological reactions of captive adult invertebrates exposed to boat noise
playback and other continuous noise have been conducted. Continuous exposure to boat noise playback
resulted in changes to some biochemical lewedicating stress in common prawri@glaemon serratys
(30-minute exmsure to sound levels of 1@6 140 dB re 1 pPans) and European spiny lobsters
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(30-minute exposure to sound levels up to 125 dB re 1pirg (Celi et al., 2015; Filiciotto et al., 2014;
Filiciotto et al., 2016)ncreased oxygen consumption, potentially indicating stress foundin shore
crabs exposedat shipnoise playback of 14® 155dB re 1 yPa for 15 minutégvale et al., 2013aRed
swamp crayfishRrocambarus clarRiexposed to 3@ninute continuous acoustic eps(frequency
range of 0.1o 25 kHz, peak amplitude of 148 dasat 12 kHz) showed changes in some biochemical
levels indicating streg€eli et al., 2013)Captive sand shrim@&fangon cranggnexposel to low
frequency noise (3@ 40 dB &dove ambént) continuously foB months demonstrated decreases in
growth rate and reproductive ratd_agadére, 1982)Mediterranean musseldvytilus galloprovincialls
exposed ta30-minute continuousacoustic sweeps (frequency range of 0.56kHz,maximumSPLof
150dB rmsre 1 uPg, although exhibiting no behavioral changes at any tested frequencyezho
statistically significant increases in some biochemical stress indicators (e.g., glucose and heat shock
protein) in the lowfrequency exposure category (0.1 to 5 kfizdzzana et al., 2018yhanges in glucose
levels were found in blue crab€4dllinectesapidud exposed to lowfrequency sound (broadband noise
with a significant component of 60 Hz at approximately 170 dB re 1 uPa SPL) dnelguéhcy pulsed
tones and chirps (1.7 to 4 kHz at approximately 180 dB re 1 uP&®BEdt et al., 2017)

In addition to experiments on adult invertebrates, some studies have investigated the effects
impulsive and noampulsive noise (air guns, boat noise, turbine noise) on invertebrate eggs and larvae.
Data on similar effects resulting from sonar are currently unavail@lgleelopmental delays and body
malformationswere reportedin New Zealand scalp (Pecten novaezelandiatarvae exposed to seismic
air gun playbacks at frequencies ofi2@to 22 kHz with SPLof 16dmc n R. (Ndbilande Soto kt
al., 2013) Although uncertain, the authors suggested physiological stress as the cause of the effects.
Lanae in the relatively small (2 diameter) experimental tank were considered close enougth¢o
acoustic source to experience particle motion, which would be unlikely at the same pressure levels in
the far field. Playbacks occurred once ev@geconds and the larvae were periodically examined over
the course of 90 hours. Snow crabhjonoecetespilio) eggs located i@ mwater depth and exposetb
repeated firings of a seismic air gun (peak received SPLwas 201 gBré 1y Kl R &af AIKGf &
mortality and apparent delayed developmef@hristian et al., 2003HoweverDungeness crab
(Metacarcinus magist@rzoeae were not affected by repeated exposures to an air gun array (maximum
distance of about 62 ft. slant distano@earson et al., 1994and exposure of southern rock lobster
(Jasus edward3ieggs to air gun S&bf up to 182 dB re 1 pPa did not result in embryonic
developmental effect¢Day et al., 2016 An investigation of the effects of boat noise playback on the
sea hare $tylacheilus striatusfound reduced embryo development and increased larvae mortality, but
no effect on the rate of embryo developmefiiedelec et al., 20145pecimens were exposed to beat
noise phyback for 45 seconds eveésyninutes over a 1hour period.Continuous playback of simulated
underwater tidal and wind turbine sounds resulted in delayed metamorphosis in estuarine crab larvae
(Austrohelice crassand Hemigrapsus crenulatyishat were obgrved for up to about 200ours(Pine et

al., 2016)

Overall, the results of these studies indicate the potential for physiological effects in bameot all

adult invertebrates exposed to air guns near the souad®(t2to 4 m) and to boatand other

continuous mise for durations of 150 30 minutes or longer. Larvae and egg development effects were
reported for impulsive (distance from source of ab@uh) and norimpulsive noise exposures of
extended duration (intermittently or continuougfor several to many hours) and for air gun playback
and field exposure, although air gun noise had no effect in one studyeneral, gposure to continuous
noise such as vessel operation during Navy training or testing events would occur over a shorter
duration and sound sources would be more distdran those associated with most of the studies
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Adverse effects resulting from short exposure times have not been shown experimentally. A range to
effects was not systematically investigated for air gun Eseeriments using playback of air gun and
boat noise were conducted in relatively small tanks where particle mptibich decreases rapidly with
distance could have been significant. Marine invertebrate egg and larval abundanedigh relative to
the number of adults, and eggs and larvae are typically subject to high natural mortality rates. These
factors decrease the likelihood of populatitevel effects resulting from impacts eggs and larvae

from physiological stress associated with Navy trajrand testing events

3.4.3.1.1.3 Masking

Masking occurs when one sound interferes with the detection or recognition of another sound. Masking
can limit the distance over which an organism can communicate or detect biologically relevant sounds.
Masking can alspotentially lead to behavioral changes.

Little is known about how marine invertebrates use sound in their environment. Some studies show that
crab, lobster, oyster, and coral larvae and plasvae may use nearby reef sounds when in their
settlement phaseOrientation and movement toward reef sounds wasirid in larvae located at 60

80 m from a sound source in open water, and in experimental tanks (distance feosotimd source

was about 150 cnn one laboratory studyjRadford et al., 2007; Stanley et al., 2010; Vermeij et al.,
2010) The component of reef sound used is generally unknown, titeestigation found tht
low-frequency sounds (20@ 1,000 Hz) produced by fish at dawn and dusk on a coral reef were the
most likely sounds to be detectable a short distancarfithe reef(Kaplan & Mooney, 2016%imilarly,
lobed star coral larvae were found to have increased settlemeneehareas with elevated sound

levels, particularlyn the frequency range of 2 1,000 HALillis et al., 2016 Mountainous star coral
(Orbicella faveolatplarvaein their settlement phase were found to orient toward playbacks of reef
sounds in an experimental setup, where receigednd levels were about 146 149 dB re 1 pPa and
particlevelocitywas about 9 x 1®meters persecond(Vermeij et al., 2010Marine invertebrates may
also use sound to communicate and avoid predaf{Popper et al., 2001 rabs Panopeuspecies)
exposed to playback of predatory fish vocalizations reduced foraging agbiresumably to avoid
predation risk(Hudhes et al., 2014)The authors suggest that, due to lack of sensitivity to sound
pressure, crabs are most likely to detect fish sounds when the fish are nearby. Anthropogenic sounds
could mask important acoustic cues such as detection of settlementayagdators, and potentially
affect larval settlement patterns or survivability in highly modified acoustic environn{Smntgpson et

al., 2011) Lowfrequency soundsauld interfere with perception of loWrequency rasps or rumbles
among crustaceans, particularly when conspecific sounds are produced at the far end of the hearing
radius. Navy activities occurring relatively far from shore would produce transient sootetgiplly
resulting in only intermittent, shorterm masking, and would be unlikely to impact the same individuals
within a short time. Training and testing activities would generally not occur at known reef sites within
the probable reef detection rangef larvae. Impacts could be more likely in locations where
anthropogenic noise occurs frequently within the perceptive range of invertebrates (e.g., pierside
locations in estuaries). There are likely many other-Navy noise sources present in such areas!
potential impacts on invertebrates would be associated with all anthropogenic sources

3.4.3.1.1.4 Behavioral Reactions

Behavioral reactions refer to alterations of natural behaviors due to exposure to sound. Most

investigations involving invertebrate behaviorahctions have been conducted in relation to air gun
use, pile driving, and vessel noise. Studies of air gun impacts on marine invertébragtaceans and
cephalopodshave typically been conducted with equipment used for seismic exploration, and the
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limited results suggest responses may vary among taxa. Snow crabs placed 48 m below a seismic air gun
array did not react behaviorally to repeated firings (peak received SPL was 201 =B réChristian et

al., 2003) Studies of commercial catch of rock lobstétarfulirus cygngsand multiple shrimp species in
the vicinity of seismic prospecting showed no ldagn adverse effects to catch yields, implying no
detectablelong-term impacts orabundance from intermittent anthropogenic sound exposure over long
periods(AndriguettoFilho et al., 2005; Parry & Gason, 20@B)nversely, squid have exhibited various
behavioral reactions when exposed to impulsigse such as air gun firiflylcCauley et al., 2000)

Some squid showed strong startle responses, including inking, when exposed to the first shot of
broadband sand from a nearby seismic air gue¢eivedSEL of 74 dB re 1 pPams) Strong startle
responsenasnot seen when sounds were gradually increadmat the squid exhibited alarm responses
at levels above 156 dB re 1 pias (McCauley et al., 2000%outhern reef squid$Seépioteuthis australjs
exposed to air gun noise displayalhrm responseat levels above 147 dB re 1 [fRqFewtrell &
McCauley, 2012)

Pile driving produces sound pressure that moves throughwhter column and into the substrate,
which may therefore affedboth pelagic and benthic invertebrates. Impact pile driving produces a
repetitive impulsive sound, while vibratory pile extraction produces a nearly continuous sound at a
lower source levelAlthough few investigations have been conducted regarding impacts
invertebrates resulting from impact pile driving and extraction, the effects are likely similar to those
resulting from other impulsive and vibrational (e.g., drilling) sources. Whemderwater sound
encounters the substrate, particle motion can be generated, resulting in vibration. Invertebrates may
detect and respond to such vibratiorBayback of irpact pile driving sound (136 152 dB re 1 pPa
peak to peak) in the water column aechorusing shapping shrimp resulted in an increase in the snap
number and amplitudéSpiga, 2016\When exposed to playback of broadid impulsive pile driving
sound of 150 dB SElgpanese carpet shellams Ruditapes philippinarujprexhibited reduced activity
and valve closing, while Norway lobstésephrops norvegicisepressed burying, bioirrigation, and
locomotion activity(Solan et al., 2016prittlestars Amphiurafiliformis) included in the experiment
exhibited no overall statistically detectable behavioral changes, although the authors note that a
number of individuals exhibited changesthe amount of sediment reworking activityacific oysters
(Magallanagigag exposed tdB-minute pure tones responded behaviorally (shell closure) to
low-frequency sounds, primarily in the range of 10 to 20qEtrarifi et al.2017) The oysters were

most sensitive to sounds of 10 to 80 Hz at 122rdBre 1 puPa, with particle acceleration of 0.02 meter
per squared secondnvertebrates exposed to vibrations ofté 410 HzZwhich is a proxy for the effects
of vibratory pileremoval)at various particle acceleration amplitudes in the substrate of a holding tank
for 8-second intervals exhibited behavioral reactions ranging from valve closure (common mussel
[Mytilus eduli$) to antennae sweeping, changes in locomotion, and rxitihe shell (common hermit
crab Pagurus bernhardys(Roberts et al., 2(; Roberts et al., 2016a%ensitivity was greatest at 10 Hz
and at particle acceleration of Orfh per squaread second. The authors analyzed data on substrate
acceleration produced by pile driving in a river and found levels that would be detectatile bgrmit
crabs at 1and 34 mfrom the source. Measurements were not available for other distaocas
marineenvironments Similarly, underwater constructierelated detonations of about Hpound (b.)
charge weight (presumably in fresh water) resulted in substrate vibrations 297 m from the source that
would likely be detected by crabBollowup experiments showed that particle acceleratiogtettion
sensitivityin mussels and hermit cralbanged from 0.06 to 0.55 meters per squared sec(Radberts et
al., 2016b) Subsquentsemifield experiments consisted of operating a small pile driveRfbour

periods in an enclosed dock (90 m long by 18 m wide, water depth of 2 to 3 m, and sediment depth of
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3to 4 m). Vibramn in the sediment propagatedier (up to 30 m) irshallower water than in deeper

water (up to 15 m). The signal in the sediment was mostly below 100 Hz and primarily from 25 to 35 Hz.
Experimental animal® the enclosed areaxhibited behavioral (e.gwidth of shell openingand

physiological (e.g., oggn demand) responses as a result of exposaitéough information such as

distance from the pile driver and particle acceleration at specific locations was not provided.

Common prawns and European spiny lobsters exposed to 30 minutes of boat noisechlayba
frequencies of 200 Hz to 3 kikoundlevels of approximately 100 140 dB SPJprawns]and 75to
125dBSPL [lobster¥lshowed behavioral responses including changes in movement velocity, and
distance moved, as well as time spent inside a shéf#iciotto et al., 2014, Filiciotto et al., 2016)
Common cuttlefish exposed to playback of underwater ferry engine noise for 3.5 minutes (maximum
sound level of about 140 dB re 1 yPa SPL) changed color more frequently, swam more, antigaised t
tentacles more often than control specimens or individuals exposed to playback of wave $kunds

et al., 2014)Shore crabs Carcinus maenagxposedo ship noise playbaallid not exhibitchanges in

the ability or time required tdind food, but feeding was often suspended during the playl{s¢ale et

al., 2013b) Japanese carpet shell clams andway lobsters exposed to playback of ship ndde

7 daysat received levels of 13 140 dB re JuPa exhibited reactions such as reduced activity,
movement, and valve closir{§olan et al., 2016prittlestars A. filiformis) included in the study showed
no overall statistically detectable behavioral changes, although individual animals were affected.
Antarctic krill Euphausia superbalid not respond to a research vessel approaching at 2.7 knots (source
level belav 150R . NI (Bwierleytetlaly 2003Decreased activity levels were found in blue crabs
exposed to lowfrequency bradband soundvith a significant component of 60 Hz (approximately
170dB re 1 yPa SPL) and Hiidquency pulsed tones and chirps (1.7 to 4 kHz at approximately 180 dB
re 1 uPa SPIIpossot et al., 2017Exposure to lowrequency sounds resulted in more pronounced
effects than exposure to miftequency sounds. American lobsterg@ared to be less affectatian

crabs.

A limited number of studies have investigated behavioral reactions teimguailsive noise other than
that produced by vessels. Red swamp crayf&iogambarus clarBiexposed to 3@ninute continuous
acoustic sweps(frequency range of 0.tb 25 kHz, peak amplitude of 148 dBsat 12 kHz) exhibited
changes in social behaviqiGeli et al., 2013)Caribbean hermit crab£penobita clypeatydelayed
reaction to an approaching visual threat whexpesed to cotinuous noisgChan et al., 2010a; Chan et
al., 2010b) The delay potentially puhem at increased risk of predation, although the studies did not
address possible simultaneous distraction of predatB&zor clamsSjnonovacul@onstrictg exposed

to white noise and sine waves of 500 and 1,000 Hz responded byglajginsound level of about
100dB re 1 yPa (presumably as a defense reaction) but did not respond to sound levels of 80 dB re 1
pPa(Peng et al., 2016Mediterranean mussels exposed ®0-minute continuousacoustic sweeps
(frequency range of 0.1 80 kHz,maximumSPLlof 150dB rmsre 1 pPashowed no statistically
significant behavioral changes compared to control organi@ragzana et al., 2016)

The results of these studies indicate that at least somertebratetaxa wodd respond behaviorally to
various levels of sound and substrate vibration produced within their detection capability.
Comprehensive investigations of the range to effects of different sound and vibration sources and levels
are not available. However, sodisource levels faNavypile diving and air gun use are within the range

of received levels that have caused behavioral effects in some s&ales et al., 2016 he

low-frequency component of vessel 3eiwould likely be detected by some invertebrates, although the
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number of individuals affected would be limited to those near enough to a source to experience particle
motion.

3.4.3.1.2 Impacts from Sonar and Other Transducers

Many non-impulsive soundassociated wh training andtesting activitiesare produced by sonar. Other
transducers include items such as acoustic projectors and countermeasure devices. Most marine
invertebrates do not have the capability to sense sound pressure; however, some are sensitive to
nearby lowfrequency sounds, such asuld be approximated byome lowfrequency sonars. As
described in SectioB.4.2.1.3(Sound Sensing and Prodion), invertebrate species detect sound
through particle motion, which diminishes rapidijth distancefrom the sound source. Therefore, the
distance at which they may detect a sound is probably limited. Most activities using sonar or other
transducers wuld be conducted in deepater, offshoreportionsof the Study Area and are not likely to
affect most benthic invertebrate species (including #iSiad abalone species), although invertebrates
in the water column could be affected. However, portionshef tange complexes overlap nearshore
waters of the continental shelf, and it is possible that sonar and other transducers could be used and
affect benthic invertebrates in these areas. Sonar is also ussthitow water duringierside testing
andmaintenance testing

Invertebrate species generally have thgieatestsersitivity to sound belowl to 3 kHz(Kunc et al.,
2016)and wouldtherefore not be capable of detecting midr highfrequency sounds, including the
majority of sonars, or distant sounds in the Study Area. Studies of the effects of continuous noise such
as boat noise, acoustic sweeps, and tidal/wind turbine sound (information specific to sonar use was not
available) on invertebrates have fousthtocyst damge,elevated levels of biochemicdhdicative of

stress, changes in larval development, masking,tmtdhvioral reactionsinder experimental conditions
(see Sectio’d.4.3.1.1 Background)Noise exposure in the studies generally lasted from a few minutes
to 30 minutes. The direct applicability of these results is uncertain because the duration of sound
exposure in many of the studies is greater thhat expected to occur during Navy activities, and factors
such as environmental conditions (captive versus wild conditions) may affect individual resfoekes

et al., 2013) Individuals of species potentially susceptible to statocyst damage é@me cephalopods)
could be physically affected by nearby noise. Available research has shown statocyst damage to occur
after relatively longduration exposureshours), which would be unlikely to occur to individual
invertebrates due to transitingosirces and potential invertebrate movement. An exception is pierside
sonar testingand maintenance testingvhere invertebrates (particularly sessile or simaving taxa

such as bivalve molluscs, hydroids, and marine worms) could be exposed to soumdjéortime

periods compared to aseaactivities Some studies also indicate the potential for impamts

invertebrate larval development resulting froexposure tanon-impulsive noise (continuous or
intermittent exposures over time periods of 1 200 hous) although, similar to stress effects, sonar

has not been studiedpecifically Masking could affect behaviors such as larvae settlement,
communication, predator avoidance, and foraging in mollusc, crustacean, and coral species

3.4.3.1.2.1 Impacts from Sonar and Other Transducers Under Alternative 1

Impacts from Sonar and Other Transducers Under Alternative 1 for Training Activities

Under Alternative 1, marine invertebrates would be exposed to lomid-, and highfrequency sonar
andsound produced bgther transducergduring training activities. These activities could occur
throughout the Study Ared’he locations and number of activities proposed for training under
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Alternative 1 are shown iable2.6-1 of Chapter 2 (Description of Proposed Action and Akigves).
Sounds produced during training are described in Section 3.0.B(&dnar and Othefransducers

Invertebrates would likely only sense ldrequency sonar or the lovrequency component of nearby
sounds associated with other transducers. Sarat other transducers are often operated in deep

water, where impacts would be more likely for pelagic species than for benthic sp@akysndividuals
within a short distance (potentially a few feet) thie mostintense soundevekwould experience

impactson sensory structures such as statocy#tay marine invertebrate that detects lefkequency

sound produced during training activities may alter its behavior (e.g., change swim speed, move away
from the sound, or change the type or level of activitgjven the limited distance to which marine
invertebrates are sensitive to sound, only a small number of individuals relative to overall population
sizeswould likely have the potential to be impacteBecause the distance over which most marine
invertebrates are expected to detect any sounds is limited and because most sound sources are
transient or intermittent (or both), any physiologicsiffects, maskingyr behavioral responses would be
shortterm and brief. Without prolonged exposurasnearby soundgources adverse impacten

individual invertebrates are not expected, and there would be no effects at the population level. Sonar
and other sounds may result in brief, intermittent impaotsindividual marine invertebrates and

groups of marine invertatatesclose to a sound source, but they are unlikely to imacvival, growth,
recruitment, or reproductiorof marine invertebrate populations or subpopulations

Training activities using sonar or other transducgoslld not occuiin designatedlackabalone critical

habitat. In addition, sound associated with training activities would not affect essential biological

features of critical habitat, which consist of adequate substrate, food availability, and water quality and
circulation patternsCriticd habitat is not designated for white abalone under H3#e to the limited

range of sound detection and infrequent use of sonar in relatively shallow waters where abalone species
occur, physiological or behavioral reactions due to sonar exposure arelynikrsuant to the ESA, the

use of sonar and other transducers duringining activities as described under Alternative 1 would

have no effect oreSAlisted abalone speciax critical habitat

Impacts from Sonar and Other Transducers Under Alternative 1 for Testing Activities

Under Alternative 1, marine invertebratesuld be exposed to lowmid, and highfrequency acoustic
sources during testing activities. Testing activities using sonar and toimsducerscould occuracross
the Study AreaPierdile testing of active sonar would continue in Pearl Harbor and San Diegotigay
locations and number of activities proposed for testing under Alternative 1 are showabln2.6-2
through Table2.6-5 of Chapter 2 (Description of Proposed Action &ftérnatives). Sounds produced
during testing are described in Section 3.0.3B(Sonar and Othefransducers

Invertebrates would likely only sense ldmequency sonar or the lorequency component of nearby
sounds associated with other transducersn&r and other transducers are often operated in deep
water, where impacts would be more likely for pelagic species than for benthic sp@ailgsndividuals
within a short distance (potentially a few feet)thie most intense sound lev&ould experiene
impactson sensory structures such as statocy#tay marine invertebrate that senses nearby or
low-frequency sounds could react behaviorally. However, given the limited distance to which marine
invertebrates are sensitive to sound, only a small numbidéndividuals would likely be impacted. With
the exception of pierside sonar testing, most sound sources are transient, and any physiological or
behavioral responses or masking would be shenn and brief. During pierside testing, invertebrates
could beexposed to sound for longer time periods compared t@@4 testing. Pierside testing events
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generally occur over several hours of intermittent use. Sessile species or species with limited mobility
located near pierside activities would be exposed multijplees. Species with greater mobility could
potentially be exposed multiple times, depending on the time between testing events and the activity of
individual animals. The limited information available suggests that sessile marine invertebrates
repeatedlyexposed to sound could experience physiological stress or react behaviorally (e.g., shell
closing) However, recent survey work by the Virginia Institute of Marine Science suggests large
populations of oysters inhabit Navy piers in the Chesapeake Bahakatpersisted despite a history of
sonaruse in the aregHorton, 2016)In general, during use of sonar and other transducenpacts

would be more likely for sessile or limitenobility taxa (e.g., sponges, bivalve molluscs, and
echinoderms) than for mobile species (e.qg., squi@werall, given the limited distance to which marine
invertebrates are sensitive to sound and the transient or intermittent natoreboth)of most sound
sources, sonar and other sounds may result in brief, intermittent impactadividual marine

invertebrates and groups of marine invertebrates close to a sound source. The number of individuals
affected would likely be small relative to overall population sizes. Sonar and other sounds are unlikely to
impactsurvival, growth, recruitment, or reproductimf marine invertebrate populations or
subpopulations

Testing activities using sonar or othesnsducersvould not occuiin designated black abalone critical
habitat. In addition, sound associated with training activities would not affect essential biological
features of critical habitat, which consist of adequate substrate, food availability, and water quality and
circulation patternsDue to the limited range of sodindetection and infrequent use of sonar in

relatively shallow waters where abalone species occur, physiological or behavioral reactions due to
sonar exposure are unlikelpursuant to the ESA, the use of sonar and other transducers destigg
activities as described under Alternative 1 would have no effect onliE®4 abalone species
criticalhabitat

3.4.3.1.2.2 Impacts from Sonar and Other Transducers Under Alternative 2

Impacts from Sonar and Other Transducers Under Alternative 2 for Training Activities

Under Alternative 2, marine invertebrates would be exposed to-lanid-, and highfrequency sonar
andsound produced bgther transducergduring training activities. ThHecation of trainingactivities
would be the same as those described for Alternativaridare shown infable2.6-1 of Chapter 2
(Description of Proposed Action and Alternativex)unds produced during training are described in
Section 3.0.3.3.1 (Sonar and Other Transducirs

Potential impact®n invertebrates would be similar to those discussed for training activities under
Alternative 1. The only differendgetween Alternatives 1 andig sonar and other transducer use is that
the number of sonar hours used would geeaterunder Alternative 2Table3.0-1). While the types of
expected impacten any individual invertebrate or group of invertebrates capable of detecting sonar or
other sounds produced during training activities would remain the sanmee animals would likely be
affected.In the @ntext of overall invertebrate population sizes and vertical distribution (benthic versus
pelagic) within training areagew individualsof any speciesould be close enough to the most intense
sound level to experience impaais sensory structures sucs statocysts. Sonar and other sounds
could result in stress, masking, or behavioral effects to marine invertebrates occurring close to a sound
source. Thesexposuresvould generally be shoterm and brief, and a small number of individuals
would be affeted relative to overall population sizes. Physiological or behavioral effects resulting from
sonar and other soundsre unlikely to impacsurvival, growth, recruitment, or reproductiasf

invertebrate populations or subpopulations.
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Trainingactivities ugng sonar or other transducergould not occuiin designated black abalone critical
habitat. In addition, sound associated with training activities would not affect essential biological
features of critical habitat, which consist of adequate substrated fagailability, and water quality and
circulation patternsDue to the limited range of sound detection and infrequent use of sonar in
relatively shallow waters where abalone species occur, physiological or behavioral reactions due to
sonar exposure are likely.Pursuant to the ESA, the use of sonar and other transducers dwingg
activities as described under Alternative 2 would have no effect oHiEi84 abalone speciex critical
habitat.

Impacts from Sonar and Other Transducers Under Alternative 2 for Testing Activities

Under Alternative 2, marine invertebrates would be exposed to lomid-, and highfrequency acoustic
sources during testing activitieShe location ofesting activities using sonar and othesinsducers

would be thesame as those described for Alternative 1 anel shown irrable2.6-2 throughTable2.6-

5 of Chapter 2 (Description of Proposed Action and Alternatives). Sounds produced during testing are
described in Section 3.0.3.3l4(Sonar and Other Transducgrs

Potential impacts orinvertebrates would be similar to those discussed for testing activities under
Alternative 1. The only differendgetween Alternatives 1 andig sonar and other transducer use is that
the number of sonar hours used would geeaterunder Alternative 2 (Tabl8.0-1). Increasel use

would occur for low, mid-, and highfrequency sonardMid-frequency and higlirequency sonaare
probably outside the detection capability of most marine invertebrat¥hilethe types of expected
impacts onany individual invertebrate or group of invertebrates capable of detecting sonar or other
sounds produced duringgstingactivities would remain the sameore animals would likely be
affected.In the context of overall invertebrate population sizes apdical distribution (benthic versus
pelagic) within testing areatew individualsof any speciesould be close enough to the most intense
sourd level to experience impacts @ensory structures such as statocysts. Sonar and other sounds
could result instress, masking, or behavioral effects to marine invertebrates occurring close to a sound
source. These effects would generally be shenn and brief, and a small number of individuals would
be affected relative to overall population sizes. Physiologichehavioral effects resulting from sonar
and other soundsire unlikely to impacsurvival, growth, recruitment, or reproductiasf invertebrate
populations or subpopulations.

Testing activities using sonar or other transduceosild not occuiin designged black abalone critical
habitat. In addition, sound associated with training activities would not affect essential biological
features of critical habitat, which consist of adequate substrate, food availability, and water quality and
circulation patterrs. Due to the limited range of sound detection and infrequent use of sonar in
relatively shallow waters where abalone species occur, physiological or behavioral reactions due to
sonar exposure are unlikelpursuant to the ESA, the use of sonar and othemdducers duringesting
activities as described under Alternative 2 would have no effect oHiEiBA abalone speciex critical
habitat

3.4.3.1.2.3 Impacts from Sonar and Other Transducers Under the No Action Alternative

Impacts from Sonar and Other Transducers Under the No Action Alternative for Training
and Testing Activities

Under theNo ActionAlternative, the Navy would not conduct the proposed training and testing
activities in theHSTTStudy AreaVarious acoustic stressors (e.g., sonar and otitsgrsducers) would
not be introduced into the marine environmentherefore, baseline conditions of the existing
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environment would either remain unchanged or would improve slightly after cessation of ongoing
training and testing activities.

3.4.3.1.3 Impacts from Air Guns

Airguns produce shock waves that are somewhat similar to those produced by explosives (see Section
3.4.3.2.2Impacts from Explosivedut of lower intensity and slower rise times. An impulsive sound is
generated when pressurized air is released into the surrounding watene sudies ofair gunimpacts

on marine invertebrates have involvéite use of an array of multiple seisrma@ gurs, athougharrays

are not used during Nauyaining and testingctivities The volume capacity ohir gurs used for Navy
testing (60 cubic irchesat full capacity) igenerallywithin the volume range of single air guns used in
seismc exploration (typicall0to 800 ciicincheg. However, seismic air guns are used in arrays with a
total volume of several thousands ofldninches which is far more thawould beassociated with any
Navy activitiesGenerated impulses would have short durations, typically a few hundred milliseconds.
The rootmeansquaredSPland SEL at a distance ofnlfrom the air gunwould be approximately

200to 210 dB re 1 pPa and 185195 dB re 1 uPss, respectively.

The results of studies of the effects of seismaic gurs on marine invertebrates, described in detail in
Section3.4.3.1(Acoustic Stressoyssuggest pssible differences between taxonomic growgsl life

stages. Physical injury has not been reporteckiativelycrustaceans (crabs, shrimp, and lobsters)
exposed to seismic air guns at received levels comparable to the source level of Navy air guiesl opera
at full capacity butone study reportednjury and mortality for zooplanktoat exposuredelow Navy

source levelsEvidence of physiological stress was not found in crabs exposed to sound levels up to 187
dB re 1 uPaHowever, sress response wagported forlobsters located abous.5 mfrom the source,

where particle motion was likely detectable. While behavioral reaction to air guns hdeant

documented for crustaceans, squid have exhibited startle and alarm responses at various sound levels.
Squid have shown startle respgmat received levels of 156 174 dB re 1 pPans (distance from sound
source igunclear butpresumed to be 30 m based on experimental description), although the reactions
were less intense when ramyp proceduregbeginning with lowerintensity sound and progressing to
higher levelsyvere used. In one study, onset of alarm response occurred at 147 dB re-§;dizaance

from the source was not provided. Developmental effects to crab eggs and scallop larvae were found at
received levels of 210 and 164 dB 1 uPa SPL (about 7 ft. from the source). Conversebgazab

located 62 ft. from an air gun source showeddavelopmentakffects.Air gunuse could also result in
substrate vibration, which could cause behavioral effén nearby benthic invertebrates.

3.4.3.1.3.1 Impacts from Air Guns Under Alternative 1

Impacts from Air Guns Under Alternative 1 for Training Activities

There would be nair gunuse associated with training activities. Therefai,gurs are not analyzed in
this subsection.

Impacts from Air Guns Under Alternative 1 for Testing Activities

Air gurs would be usedbr a limited number of activities offshore areas ofhe Hawaii Range Complex
and Southern Californi&angeComplex, and gpierside locations at Naval Base San DiSgmnds
produced byair gurs aredescribed in Section 3.0.3.31(Air Guns).

Compared to offshore areashere air gun use would primarily affect invertebrates in the water column
air gunuse at pierside locatichwould potentially affect a greater number of benthic and sessile
invertebrates due to proximity to the bottom and structur@sg., pilingsjhat may be colonized by

3.441
3.4 Invertebrates



HawairSouthern California
Training and Testing Final EIS/OEIS October 2018

invertebrates. Invertebrates such as sponges, hydroids, worms, bryozoans, bivaiMsesasdai
numerous types of crustaceans and echinoderms could be exposed to ssiugdnusein offshore
areashasthe potential to affect pelagic invertebrates such as jellyfish and s@iddplankton could be
affected by air gun use at any locatigkvalable information indicagsthat zooplankton could be

injured or killed, buinjury torelatively largecrustaceas (e.g., lobsters and crabgjould not be

expected Potential injury to squidocated very near the sourdeas been suggested but not
demonstrated.lt is unlikely that air guns would affect egg or larva development due to the brief time
that they would be exposed to impulsive sound (a few hundred milliseconds per fAatyjties
conducted at pierside locaths couldpotentiallyresult in multipleexposires ofsessile species or
species with limited mobilityo impulsive soundAir gun use in offshore areas would be unlikely to
affect individualgnultiple timesdue to the relative mobility of invertebrates the water column
(passive and active movement) and the mobile nature of the sound sdsoree number of
invertebrates of various taxa exposedaw gunnoisecould experience a physiological stress response
andwould likely show startle reactions or stiderm behavioral changeg.or example,quid exposed to
air gunnoise would probably readtehaviorally (e.ginking, jetting, or changing swim speed or location
in the water columi), as these behaviors were observed in animals exposed to sound [@wvelsthan

the source levels of Nawair gurs (distance from the source associated with these reactions was not
provided) The results obne studysuggess thataffected individuals may exhibit less intense reactions
when exposed to multiplair gunfirings (McCauley et al., 20000 shallow water wherair gunfiring
could cause sediment vibration, nearby benthic invertebrates could react behaviorally (e.g., shell closing
or changes in foraging activity). Adult crustaceans may be less affected than soméfetsiages

Sound and sediment vibrations causegddir gunevents would be brief, although multiple firings would
occur per event. In addition, testing activities would be conducted infrequently. Although some
individuals would be affected, the number would be small relative to overall population aimbs,
activities would be unlikely to impastrvival, growth, recruitment, or reproductiasf marine
invertebrate populations or subpopulations.

Air guns would not be used in shallow areas known to supp8Alisted abalone speciesbalones
generaly maybe found on artificial structures such as pilings and therefore could conceivably occur at
pierside locations at Naval Base San Djiégwever,there is no known occurrence of Egted abalone
species at these location&ir gurs would not be used withidesignated black abalone critical habitat
and critical habitat has not been designated for white abalone underBE88uant to the ESA, the use

of air guns duringestingactivities as described under Alternative Wwould have no effect on ESiated
abalone speciesr critical habitat

3.4.3.1.3.2 Impacts from Air Guns Under Alternative 2

Impacts from Air Guns Under Alternative 2 for Training Activities

There would be nair gunuse associated with training activities. Therefa,gurs are not analyzed in
this subsection.

Impacts from Air Guns Under Alternative 2 for Testing Activities

The locations, number of events, and potential effects associatedaiijunuse would be the same
under Alternatives 1 and 2. Refer to Sect®4.3.1.3.1(Impacts from Air Guns Under Alternativefdr)
a discussion of impacts on invertebrates.
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Air guns would not be used in shallow areas known to supgp8Alisted abalone speciesbalones
gereraly may be found on artificial structures such as pilings and therefore could conceivably occur at
pierside locations at Naval Base San Dibgavever,there is no known occurrence of Efigted abalone
species at these locations. Air guns would notibed within designated black abalone critical habitat
and critical habitat has not been designated for white abalone underBE88uant to the ESA, the use

of air gunsduringtestingactivities as described under Alternative 2 would have no effect oAiES8A
abalone speciesr critical habitat

3.4.3.1.3.3 Impacts from Air Guns Under the No Action Alternative

Impacts from Air Guns Under the No Action Alternative for Training and Testing
Activities

Under theNo ActionAlternative, the Navy would not conduct the piaged testing activities in thelSI'T
Study AreaVarious acoustic stressors (e.g., air guns) woutdeantroduced into the marine
environment.Therefore, baseline conditions of the existing environment would either remain
unchanged or would improve slitih after cessation of ongoing training and testing activities.

3.4.3.1.4 Impacts from Pile Driving

Pile driving and removal involsdothimpactandvibratory methods. Impact pile driving produces
repetitive, impulsive, broadband sound with most of the energipiver frequencies where

invertebrate hearing sensitivity is greater. Vibratory pile removal produces nearly continuous sound at a
lower source level. See Section 3.0.3.3(Pi& Drivinyfor a discussion of sounds produced during

impact pile driving andibratory pile removal.

Impacts on invertebrates resulting from pile driving and removal are considered in the context of
impulsive sound and substrate vibration. Impact pile driving produces a pressure wave that is
transmitted to the water column and theediment(Reinhall & Dahl, 2011Jhe pressure wave may

cause vibration within the sediment. Most acoustic energy would be concentrated below 1,000 Hz,
which is within the general sound sensing range of invertebrateslaa information indicates that
invertebrates may respond to particle motion and substrate vibration produced by pile driving or
removal. As discussed in Secthd.3.1(Acoustic Stressors), recent investigations have found effects to
crustacean and mollusc species resulting from pile driving noise playback and substrate vibration
(Roberts et al., 2015; Roberts et al., 2016a; Solan et al., 2016; Spiga,Réqnses include changes in
chorusing (snapping shrimmhellclosing (clams and mussels), and changes in activity level (clams,
lobsters, and hermit crabs). However, no statistically detectable changes were observed in brittlestars,
suggesting that impacts may vary among taxa or species. While one study was conducted in a sheltered
coastal aregSpiga, 2016}the others used small experimental tanks with maximum dimension of about
20 incheqin.). Therefore, many of the effects were observed very close to the scandes. Navy
scientists are in the early stages of observing the response of marine life to pile driving in their
unconfined environment using an adaptive resolution imaging sonar that allows observations in low
visibility estuarine waters. Samples acqdite date include the response (or lack thereof) of varifisis
andcrabs to Navy pile driving in the M#tlantic region(Chappell, 2018)

3.4.3.1.4.1 Impacts from Pile Driving Under Alternative 1

Impacts from Pile Driving Under Alternative 1 for Training Activities

Under Alternative 1, pile driving and removal associated with elevated causgat@yrsplacement
would occur up to two times per year at Silver Strand Training Complex or Camp Pendleton, both in the
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Southern Californi®angeComplex. Marine invertebrates in the area around a pile driving and vibratory
removal site would be exposed to multiple impulsive sounds and other disturbance intermittently over
an estimated 20 days during installation and 10 days during removal. lbvatés could be exposed to
impact noise for a total 0 minutes per 24hour period during installation, and could be exposed to
noise and substrate vibration for a total 82 minutes per24-hour periodduring pile removal. It may be
theorized that repeted exposures to impulsive sound could damage the statocyst of individuals of some
taxa (e.g., crustaceans and cephalopods); however, experimental data on such effects are not available.
Exposure to impulsive sound and substrate vibration would likelyechebavioral reactions in

invertebrates located in the water column or on the bottom for some distance from the activities.
Reactions such ahellclosure or changes in activity could affect feeding, and auditory masking could
affect other behaviors suclis communication and predator avoidance. Repetitive impulses and
substrate vibration may also cause sht@tm avoidance of the affected area by mobile invertebrates.
Available experimental results do not provide estimates of the distance to which suttioreacould

occur. Although some number of individuals would experience physiological and behavioral effects, the
activities would occur intermittently (two events occurring intermittently over approximately 30 days

per year) in very limited areas and wdube of short duration (maximum &0 minutes per 24hour

period). Therefore, the number of invertebrates affected would be small compared to overall population
numbers. Pile driving and removal activities would be unlikely to impact survival, growthitmesnt,

or reproduction of marine invertebrate populations or subpopulations.

Pile driving activities would not be conducted in areas that could support black abalone or white
abalone occurrence, and would not occur in black abalone critical habitdataChiabitat for white
abalone is not designated under the EBAtsuant to the ESA, pile driviagd removaburingtraining
activities as described under Alternative 1 would have no effect oAiEi8A abalone speciex critical
habitat

Impacts from Pile Driving Under Alternative 1 for Testing Activities

There would be no pile driving or removal associated with testing activities. Therefore, pile driving is not
analyzed in this subsection.

3.4.3.1.4.2 Impacts from Pile Driving Under Alternative 2

Impacts from Pile Driving Under Alternative 2 for Training Activities

The locations, number of events, and potential effects associated with pile driving and removal would be
the same under Alternatives 1 and 2. Refer to Se@idn3.4.5.1(Impacts from Pile Driving Under
Alternative 1) for a discussion of impacts on invertebrates.

Pile driving activities would not be conducted in areas that could support btadkree or white
abalone occurrence, and would not occur in black abalone critical habitat. Critical habitat for white
abalone is not designated under the EBArsuant to the ESA, pile driviagd removaburingtraining
activities as described under Altetive 2 would have no effect on E8gted abalone speciex critical
habitat

Impacts from Pile Driving Under Alternative 2 for Testing Activities

There would be no pile driving or removal associated with testing activities. Therefore, pile drivabg is n
analyzed in this subsection.
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3.4.3.1.4.3 Impacts from Pile Driving Under the No Action Alternative

Impacts from Pile Driving Under the No Action Alternative for Training and Testing
Activities

Under the NoAction Alternative, the Navy would not conduct the proposedhning activities in the

HSTT Study Area. Various acoustic stressors (e.g., pile driving) would not be introduced into the marine
environment.Therefore, baseline conditions of the existing environment would either remain

unchanged or would improve dhitly after cessation of ongoing training and testing activities.

3.4.3.1.5 Impacts from Vessel Noise

As described in Section 3.0.3.3.1VesseNoisg, naval vessels (including shg®d small craft) produce
low-frequency, broadband underwater sound that ranges over sesenad levels and frequencies

Some invertebratepecieswould likely be able to detect the lofvequency component of vessel noise.
Several studies, described in détai Sectior8.4.3.1(Acoustic Stressors), have foupldysiological and
behavioral responses in some invertebrate species in response to playbaessef noise, although one
study found no reactioiy krill to an approaching vess@&hysiological effects included biochemical
changes indicative of stress in crustacean species, decreased growth and reproduction in shrimp, and
changes in sea hare emlorgevelopmentlt is also possible that vessel noise may contribute to masking
of relevant environmental sounds, suchmedator detection oreef soundsLowfrequency eef

sounds are used as a settlement cue by the larvae of some invertebrate syBetiagioral effects

resulting from boat noise playback have been observed in various crustacean, cephalopod, and bivalve
species and include shell closing and changes in feeding, coloration, swimming, and other movements.
Exposure to other types of nempulsive noise (and therefore potentially relevant to vessel noise
effects), including continuous sweeps and underwater turbine noise playback, has resulted in statocyst
damage (squid and octopus), physiological stress, effects to larval development, antbbahav

reactions. Noise exposure in several of the studies using boat and other continuous noise sources
ocaurred over a duration of 3.8 30 minutes to captive individuals unable to escape the stimulus. In
other studies, noise playback ranged from howrglays (and up t8 months in one investigation) of
continuous or intermittent exposure. Given the duration of exposure, direct applicability of the results
to Navy training and testing activities is uncertain for mobile species. Howevearpaslethat

invertebrates in the Study Area that are exposed to vessel noise could exhibit similar reactions

While commercial vessel traffic and associated noise is relatively steadyime Navy traffic is

episodic in the ocearfctivities involving vessel nmements occur intermittently and are variable in
duration, ranging from &w hoursto a fewweeks. Vessels engaged in training and testing may consist
of a single vessel involved in wdwvel activity for a few hours or multiple vessels involved rimsgor
training exercise that could last a few days within a given drethe West Coast Exclusive Economic
Zone, Navy ships are estimated to contribute roughly 10 percent of the total large vessel broadband
energy noiséMintz, 2012)

3.4.3.1.5.1 Impacts from Vessel Noise Under Alternative 1

Impacts from Vessel Noise Under Alternative 1 for Training Activities

Under Alternative 1, naval vessels would be used during many of the proposed activities, and naval
vessel noise associated witlkssel transit duringraining could occur throughouhe Study Area
However,Navy traffic would be heaviest in the eastern portion of 8muthern Californi&ange

Complex and in the areaff the southern coast of Oahioise exposure would be particularly
concentrated near naval port facilities.
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Marine invertebrates capable of sensing sound may alteeir behavior or experience masking of other
sounds if exposed to vessel noise. Because the distance over which most marine invertebrates are
expected to detect sounds is limite@ind because most vessel neiis transient or intermittent (or

both), most behavioral reactions and masking effects from Natiyiges would likely be shotterm,

ceasing soon after Navy vessels leave an area. An exception would be areas in and around port
navigation channelandinshorewatersthat receive a high volume of shig small craft trafficwhere

sound disturbance would be more frequeitte relatively high frequency and intensity of vessel traffic

in many inshore training areasay havegiven organisms an opportunitp adapt behaviorally to a

noisier environmentFor example,ecent survey work by the Virginia Institute of Marine Science
suggestghat large populations of oysters inhabit Navy piers in the Chesapeake Bay that have persisted
despite a history o€hronicvessel nois¢Horton, 2016)Without prolonged exposur& nearby sound,
measurable impacts are not expectdd.general, intermittenwvessel noise produced during training
activities may briefly impact some individudisit exposures are not expected to impact survival,

growth, recruitment, or reproduction of marine invertebrate populatioossubpopulations

Concentrated vessel operation in areas such as port navigation charmgdsresult in repeated noise
exposure and chronic physiological or behavioral effects to individdiddeal invertebrate

subpopulations, particularly sessile species, located near the sound source. Hovesget,noise would

not be expected to adversely affect the viability of common or widely distributed invertebrate species in
navigation channels arear naval port facilities

The potential effects of vessel noise on HiSt#&d abalone species have not been studikdalone

sound sensing ability, like other marine invertebrates, is likely limited to nearby particle motion.
Therefore, dalones would kely only detect vessel noise very near the source. Vessel noise would not
affect essential biological features of black abalone critical habitat, and critical habitat has not been
designated for white abalone under the EBArsuant to the ESA, vesselsoduringraining activities

as described under Alternative 1 would have no effect onlisgd abalone speciex criticalhabitat.

Impacts from Vessel Noise Under Alternative 1 for Testing Activities

Under Alternative 1, naval vessels would be used during many of the proposed activities, and naval
vessel noise associated witbstingcould occur throughout the Study Area while in transit. However,
Navy traffic would be heaviest in the eastern portidrtlee Southern Californi&angeComplex and in

the areaoff the southern coast of OahiNoise exposure would be particularly concentrated near naval
port facilities.

Any marine invertebrate capable of sensing sound may alter its behavior or experierkiagnatsother
sounds if exposed to vessel noise. Because the distance over which most marine invertebrates are
expected to detect sounds is limited and because most vessel noise is transient or intermittent (or both),
most behavioral reactions and maskieffects from Navy activities would likely be short term, ceasing
soon after Navy vessels leave an area. An exception would be areas in and around port navigation
channels andnshorewaters that receive a high volume of ship or small craft traffic, whetmd
disturbance would be more frequent. The relatively high frequency and intensity of vessel traffic in
many inshore areas may have given organisms an opportunity to adapt behaviorally to a noisier
environment. For example, recent survey work by the ixieginstitute of Marine Science suggests that
large populations of oysters inhabit Navy piers in the Chesapeake Bay that have persisted despite a
history of chronic vessel noigelorton, 2016) Without prolonged exposure to nearby sounds,
measurable impacts are not expected. In g, intermittent vessel noise produced duritegsting
activities may briefly impact some individuals, but exposures are not expected to impact survival,
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growth, recruitment, or reproduction of marine invertebrate populations or subpopulations.
Concentraed vessel operation in areas such as port navigation channels could result in repeated noise
exposure and chronic physiological or behavioral effects to individuals of local invertebrate
subpopulations, particularly sessile species, located near the seaumde. Howevewnessel noise would

not be expected to adversely affect the viability of common or widely distributed invertebrate species in
navigation channels or near naval port facilities

The potential effects of vessel noise on HiStd abalone sgecies have not been studied. Abalone

sound sensing ability, like other marine invertebrates, is likely limited to nearby particle motion.
Abalones would therefore likely only detect vessel noise very near the source. Vessel noise would not
affect essentiabiological features of black abalone critical habitat, and critical habitat has not been
designated for white abalone under the E®Arsuant to the ESA, vessel noise duta@sjingactivities

as described under Alternative 1 would have no effect onlis8&l abalone speciax criticalhabitat

3.4.3.1.5.2 Impacts from Vessel Noise Under Alternative 2

Impacts from Vessel Noise Under Alternative 2 for Training Activities

Under Alernative 2, potential impacts oimvertebrates resulting from vessel noise associatetth wi

training activities would be similar to those discussed for activities under Alternative 1. Vessel use in the
Study Area woulihcrease by a very small amount (less tigrercent)dueto differences in the

number of events such as Composite Training Unit Exerdiegever, thencreasewould not result in
substantive changes to the potential for or types of impacts on invertebrates. Refer to Section
3.4.3.1.5.1(Impacts from Vessel Noise Under Alternativéot Ja discussion of potential impacts.

As discussed in Secti@™.3.1.5.1(Impacts from Vessel Noise under Alternativepliysuant to the ESA,
vessel noise duringainingactivities as described under Alternative 2 would have no effect or ESA
listed abalone speciax critical habitat

Impacts from Vessel Noise Under Alternative 2 for Testing Activities

Under Alernative 2, potential impacts oimvertebrates resulting from vessel noise associated with

testing activities would be similar to those discussed for activities under Alternative 1. Vessel use in the
Study Area woulihcrease by a very small amount (less tiagrercent) However, théncreasewould

not result in substantive changes to the potential for or types of impacts on invertebrates. Refer to
Section3.4.3.1.5.)(Impacts fromVessel Noise Under Alternativeft) a discussion of potential impacts.

As discussed in SectiBm.3.1.5.1(Impacts from Vessel Noi&nder Alternative 1)pursuant to the ESA,
vessel noise duringestingactivities as described under Alternative 2 would have no effect oHIESA
abalone specigor critical habitat

3.4.3.1.5.3 Impacts from Vessel Noise Under the No Action Alternative

Impacts from Vessel Noise Under the No Action Alternative for Training and Testing
Activities

Under theNo ActionAlternative, the Navy would not conduct the proposed training and testing
activities in theHSI'T Study Area/arious acoustic stressors (e.g., vessel noise) would not be introduced
into the marine environmentTherefore, baseline conditions of the exigtianvironment would either
remain unchanged or would improve slightly after cessation of ongoing training and testing activities.
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3.4.3.1.6 Impacts from Aircraft Noise

Aircraft noise is not applicable to invertebrates due to Hegy lowtransmission of sound presii
across the air/water interface and will not be analyzed further in this section.

3.4.3.1.7 Impacts from Weapons Noise

As discussed in Section 3.0.3.3.1.6 (Wedpoise, noise associated with weapons firing and the impact

of nonexplosive munitions could occur dng training or testing events. 4wvater noise would result

from naval gunfire (muzzle blast), bow shock waves from supersonic projectiles, missile and target
fldzyOKZ YR @AONI GAZ2Y FNRY I ofl ad LINBxlbsiger Ay 3
munitions could produce loirequency impulses when striking the water, depending on the size,

weight, and speed of the object at impact. Smalid mediumcaliber munitions would not produce
substantial impact noise.

Underwater sound produced bye&pons firing, launch, and impactmdn-explosive practicenunitions
would be greatest near the surface and would attenuate with depth. However, the potential-&r in
weapons noise to impact invertebrates would be small. Much of the energy produaaditgle blasts

and flying projectiles is reflected off the water surface. As discussed in Section 3.0.3\&apH0

Noisg, sound generally enters the water only in a cone beneath the blast ceqtilej trajectory (within
13to 14 degrees of vertical fanuzzle blast noise, and 65 degrdehind the projectile in the direction

of fire for projectile shock waves) /SElof 180to 185 dB re 1 uPss was measured at water depth of 5
ft. directly below the muzzle blast of the largest gun analyzed, afitimg position closest to the water.
Different weapons and angles of fire would produce less sound in the water. Bow waves from
adzZLISNBE2YAO LINRP2SOGATSAE LINPRdAzOS | ONAST aONI Of ¢
water is minimal. Laurcnoise fades rapidly as the missile or target moves downrange and the booster
burns out. Hull vibration from largealiber gunfire produces only a small level of underwater noise. For
example, analysis otif. gun firing found that energy transmitted imthe water by hull vibration is only

6 percent of that produced by the muzzle blast. Compared to weapons firing, launches, and hull
vibration, impulsive sound resulting fronon-explosive practicenunition strikes on the water surface
could affect a somehat larger area, though far less than an explosive blast. Underwater sound would
generally be associated only with relatively large munitions impacting at high speed.

Based on the discussion above, invertebrates would likely only be affected by noiseguidgumuzzie
blasts and impact of largeon-explosive practicenunitions. Impacts would likely be limited to pelagic
invertebrates, such as squid, jellyfish, and zooplankton, located near the surface. Injury and
physiological stress has not been foundirnited studies of invertebrates exposed to impulsive sound
levels comparable to those produced beneath the muzzle blast éhagbin. Behavioral reactions have
not been found in crustaceans, but have been observed for squid. While squid could disptegish
startle response, behavioral reactions in response to sound is not known for jellyfish or zooplankton.
Zooplankton may include gametes, eggs, and larval forms of various invertebrate species, including
corals. Although prolonged exposure to repe@playback of nearby impulsive sound (air guns) has
resulted in developmental effects to larvae and eggs of some invertebrate species, brief exposure to a
single or limited number of muzzle blasts or munition impacts would be unlikely to affect develapmen
Other factors would limit the number and types of invertebrates potentially affected. Most squid are
active near the surface at night, when weapons firing and launch aeiteaguently. Weapons firing and
launch typically occurs greater than 12 nauticélles [NM] from shore, whichecause of the water
depthswould substantially limit the sound level reachirgtbottom. Therefore, impacts dmenthic
invertebrates (e.g., bivalve molluscs, worms, and crabs) are unlikely.
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3.4.3.1.7.1 Impacts from Weapons Noise Under Alternative 1

Impacts from Weapons Noise Under Alternative 1 for Training Activities

Under Alternative 1, invertebrates would be exposed to noise primarily from weapons firing and impact
of non-explosive practicenunitions during training activities. Noisssociated with large caliber

weapons and the impact of neexplosive practice munitions would generally occur at locations greater
than 12 NM from shore, with the exception of areas near San Clemente IslandSotligern California
RangeComplex and ngaKaula Island and the Pacific Missile Range Facility iHah&ii Range Complex
Small caliber weapons firing could occur throughout the Study Area. The number of training events
involving weapons firing, launch, andn-explosive practicenunitions andtheir proposed locations are
presented in Table 2:6 of Chapter 2 (Deasiption of Proposed Action andlternatives).

Noise produced by these activities would consist of a single or several impulses over a short period.
Impulses resulting from muzzle blasindnon-explosive practicenunitions impact would likely affect

only individuals near the surface, and are not likely to result in injury. Some invertebrates may exhibit
startle reactions (e.g., abrupt changes in swim speed or direction). For examgde, dwa observed
reactions to other impulsive sounds (air guns), squid located near the surface in the vicinity of a firing
event could show startle reactions such as inking or jetting. ImpawbmExplosive practicenunitions
could affect a comparativelarger volume of water and associated invertebrates. The number of
organisms affected would depend on the area exposed and the invertebrate density. Squid and
zooplankton are typically more abundant near the surface at night, when weapon firingsoccur
infrequently. In addition, most weapons firing would take place in offshore waters, daogtse

potential for impacts orbenthic invertebrates and abalone eggs or zygotes.

Impacts would be of brief duration and limited to a relatively small volume of wadar the surfacelt

is expected that only a small number of pelagic invertebrates (e.qg., squid, jellyfish, and zooplankton)
would be exposed to weapons firing and impact noise. Squid and zooplankton would be less abundant
during the day, when weaponsifig typically occurs, and jellyfish are not known to react to sound. The
activities would be unlikely to impact survival, growth, recruitment, or reproduction of marine
invertebrate populations or subpopulations.

Most weapons firing and launch would ocduarrelatively deep offshore areas whereair noise and

hull vibration would not affect ESisted abalone speciekargecaliber weaponssmalicaliber
weaponsandnon-explosive practice munitionsould produce irwater noisenear San Clemente Island
where ESAisted abalone species occlitowever, impacts to benthic invertebrates such as abalones
would be unlikelyActivities would not occur in designated black abalone critical habitat. Critical habitat
has not been designated for white abalone unttex ESAPursuant to the ESA, weapons noise during
trainingactivities as described under Alternative 1 would have no effect oHiE84 abalone speciex
critical habitat

Impacts from Weapons Noise Under Alternative 1 for Testing Activities

Under Altenative 1, invertebrates would be exposed to ngmenarily from weapons firing and impact
of non-explosive practicenunitions during testing activities. Noise associated with large caliber
weapons and the impact of neexplosive practice munitions woutgenerally occur at locations greater
than 12 NM from shore, with the exception of areas near San Clemente IslandSotitteern California
RangeComplex and near Kaula Island and the Pacific Missile Range FacilitiHamthie Range Complex
Small calibeweapons firing could occur throughout the Study Area.
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Noise produced by these activities would consist of a single or several impulses over a short period.
Impulses resulting from muzzle blasts amah-explosive practicenunitions impact would likely adtt

only individuals near the surface, and are not likely to result in injury. Some invertebrates may exhibit
startle reactions (e.g., abrupt changes in swim speed or direction). For example, based on observed
reactions to other impulsive sounds (air gursjuid located near the surface in the vicinity of a firing
event could show startle reactions such as inking or jetting. ImpambeExplosive practicenunitions
could affect a comparatively larger volume of water and associateaber ofinvertebrates The

number of organisms affected would depend on the area exposed and the invertebrate density. Squid
and zooplankton are typically more abundant near the surface at night, when weapon firing occur
infrequently. In addition, most weapons firing wouldk& place in offshore waters, decréag the

potential for impacts orbenthic invertebrates and abalone eggs or zygotes.

Impacts would be of brief duration and would be limited to a relatively small volume of water near the
surface It is expected that onlp small number of pelagic invertebrates (e.g., squid, jellyfish, and
zooplankton) would be exposed to weapons firing and impact noise. Squid and zooplankton would be
less abundant during the day, when weapons firing typically occurs, and jellyfish dneowat to react

to sound. The activities would be unlikely to impact survival, growth, recruitment, or reproduction of
marine invertebrate populations or subpopulations.

Most weapons firing and launch would occur in relatively deep offshore areas whaiennise and

hull vibration would not affect ESisted abalone speciekargecaliber weapons, smatialiber
weapons, andon-explosive practice munitionsould produce irwater noisenear San Clemente Island
where ESAisted abalone species occur. Hovee, impacts to benthic invertebrates such as abalones
would be unlikelyActivities would not occur in designated black abalone critical halftiatsuant to the
ESA, weapons noise duritggtingactivities as described under Alternative 1 would have ffiect on
ESAlisted abalone speciex critical habitat

3.4.3.1.7.2 Impacts from Weapons Noise Under Alternative 2
Impacts from Weapons Noise Under Alternative 2 for Training Activities

The locations, number of events, and potential effects associated with weapigs faunch, and
non-explosive practice munitionmpact noise for training activities would be the same under
Alternatives 1 and 2. Refer to Secti®dd.3.1.7.(Impacts from Weapons Noise Under Alternative 1) for
a discussion of impacts on invertebrates.

Most weapons firing and launch would occur in relatively deep offshore areas whaienniseand

hull vibration would not affect ESisted abalone speciekargecaliber weapons, smatlaliber

weapons, andon-explosive practice munitionsould produce irwater noisenear San Clemente Island
where ESAisted abalone species occur. However, intpdo benthic invertebrates such as abalones
would be unlikelyActivities would not occur in designated black abalone critical habitat. Critical habitat
has not been designated for white abalone under the Esilsuant to the ESA, weapons noise during
trainingactivities as described under Alternative 2 would have no effect oHiE8A abalone species
critical habitat

Impacts from Weapons Noise Under Alternative 2 for Testing Activities

Under Alternative 2, the location of testing activities wouldthe same as those described for
Alternative 1, and potential impacts anvertebrates would be similar (refer to Sectidrt.3.1.7.1
Impacts fromWeapons Noise Under Alternativg. The only difference between Alternatives 1 and 2 is
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that the number of munitions used would potentially be greater under Alternative 2. itigléypes of
expected impacts oany individual invertebrate or group of intebrates capable of detecting sounds
produced during testing activities would remain the same, more animals could be affeetadse the
number of munitions potentiallysed during testing activities under Alternativev@uld be greaterlt is
expected hat only a small number of pelagic invertebrates (e.g., squid, jellyfish, and zooplankton) would
be exposed. Squid and zooplankton would be less abundant near the surface during the day, when
weapons firing typically occurs, and jellyfish are not knowretxt to sound. The activities would be
unlikely to impact survival, growth, recruitment, or reproduction of marine invertebrate populations or
subpopulations.

Activities would not impact ESisted black abalone or white abalone, and would not occur in
designated black abalone critical habitRursuant to the ESA, weapons noise dutesiingactivities as
described under Alternative 2 would have no effect on-#S8&d abalone speciew critical habitat

3.4.3.1.7.3 Impacts from Weapons Noise Under the No Action Alternative

Impacts from Weapons Noise Under the No Action Alternative for Training and Testing
Activities

Under theNo ActionAlternative, the Navy would not conduct the proposed training and testing
activities in the HSTT Study Ar®arious acoustic stressors (e.g., weapons firing, launch, and
non-explosive practice munitiorimpact noise) would not be introduced into the marine environment.
Therefore, baseline conditions of the existing environment would either remain unchangedut wo
improve slightly after cessation of ongoing training and testing activities.

3.4.3.1.8 Summary of Potential Acoustic Impacts

Invertebrates would be exposed to potential acoustic stressors resulting from sonar and other
transducers; pile driving; air guns; weapdiring, launch, andon-explosive practice munitiorismpact

noise; and vessel noise. Based on currently available information, invertebrates would only sense water
particle motion near a sound source and at low frequencies, which limitdigtance fromthe source in

which individuainvertebrates wouldpotentially be exposed to acoustic impacthe potential for injury

would be limited to invertebrates occurring very close to an impulsive sound such as an air gun. Impacts
would primarily consist of ptsjological stress or behavioral reactions. Most sound exposures would

occur in offshore areas and near the surface, where pelagic species such as squid, jellyfish, and
zooplankton would be affected. Squid and some zooplankton species iofmguentlyat the surface

during the day, when most Navy activities would take place. Overall, there weuddrparatively

fewer impacts orbenthic species. Exceptions would include pierside sonar and air gun use, and
concentration of vessel operation in certain areabgre sessile or sedentary individuals could be
repeatedly exposed to acoustic stressors. Most sound exposures would be brief and transient and would
affect small numbesof individuals.

3.4.3.2 Explosive Stressors
3.4.3.2.1 Background

Aspects of explosive stressors thag applicable to marine organisms in general are presented in
Section3.0.3.6.1(Conceptual Framework for Assessing Effects from Acoustic and Explosive Activities).
Explosions produce pressure waves with the potential to cause injury or physical diseianto

rapid pressure changes, as well as loud, impulsive, broadband sounds. Impulsive sounds are
characterized by rapid pressure rise times and high peak presdpesiidix D Acousti@and Explosive
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Concept}. Potential impacts on invertebrates resaljifrom the pressure wave and impulsive sound
resulting from a detonation are discussed in this section. When explosive munitions detonate, fragments
of the weapon are thrown at higielocity from the detonation point, which can injure or kill

invertebrates if they are struclkdowever, the friction of the water quickly slows these fragmentthi®

point where they no longer pose a thre@iven he small range of effects due to fragmsnthe

potential forimpacts on invertebrates at thepopulationor subpopulation level would be negligible
Therefore, the potential for fragmentation to impact invertebrates is not discussed further in this

analysis

Explosions may impact invertebrateisthe water surface, in the water column, or on the bottom. The
potential for impacts is influenced by typical detonation scenaiog invertebrate distributionThe

majority of explosions would occur in the air or at the surface, with relatively felweabottom

(Appendix A, Navy Activiyescription$, which would decreasthe potential for impacts omenthic
invertebratespeciesSurface explosions typically occur during the day at offshore locations more than
12 NM from shore. There is a general pattef lowerinvertebrate abundance ioffshore portions of

the Study Area compared telatively productive estuarine and nearshore watérkerefore, the typical
offshore location of detonations would result in fewiavertebrates potentially exposed taetbnation
effects. In additioninvertebrate abundances in offshore surface waters tend to be lower during the day,
when surface explosions typically occur, than at night

In general, an explosion may result in direct trauma and mortality due to the assdeapid pressure
changes. For example, gesntaining organs such as the swim bladder in many fish species and the
lungs of marine mammals are subject to rapid contraction and overextension (potentially causing
rupture) when exposed to explosive shocawes. Most marine invertebrates lack air cavities and are
therefore comparatively less vulnerable to damaging effects of pressure waveport summarizing

the results of all known historical experiments (from 1907 to the 1980s) involving invertebrates a
detonations concluded that marine invertebrates are generally insensitive to pressiated damage
from underwater explosionfKeevin & Hempen, 19971)imited studies of crustaceans have examined
mortality rates at various distances from detonations in shallow w@i@tin, 1947; Chegaake

Biological Laboratory, 1948; Gaspin et al., 19%@ilar studies of molluscs have shown them to be
more resistant than crustaceans to explosive imp#éCisesapeake Biological Laboratory, 1948; Gaspin
et al., 1976) Other invertebrates, such as sea anemones, polychaete worms, isopods, and amphipods,
were observed to be undamaged in areas near detonat{@wspin et al., 1976pata fromthese
experimentswere used tadevelop curves that estimate the distance from an explesieyond which at
least 90 percent of certaiadult benthicmarine invertebrates would survive, depending on the weight
of the explosivdYoung, 1991(Figure3.4-1). For example, 90 percent of crabs would survive alB00
explosion if they are greater thaabout350ft. from the source and shrimp, lobster, and oysters are
less sensitive (i.e., greater survivability) to underwabeplosions than crab&imilar information on the
effects of explosionto planktonic invertebratesind invertebrate larvae is navailable.
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Figure3.4-1: Prediction of Distance to 90 Percent Survivability
of Marine Invertebrates Exposed to an Underwater Explosion

Charges detonated in shallow water or near the bottom, including explosive munitions disposal charges
and some explosionssaociated with mine warfare, could kill and injure marine invertebrates on or near
the bottom, depending on the species and the distance from the explosion. Taxonomic groups typically
associated with the bottom, such as sponges, marine worms, crustacaahispderms, corals, and
molluscs, could be affectetllet explosive weightNEW)or activitiesinvolving detonations on or near

the bottomis relatively lowMost detonations occurring on or near the bottom would havdEWof

601b. or less, although some explosives would be uft,@00Ib. NEW Based on the estimateshown on
Figure3.4-1, most benthic marine invertebrates beyond approximateRp2t. from a 6ab. blast would
survive. The potential mortality zone for some taxa (e.g., shrimp, lobsters, worms, amphipods) would be
substantially smaller. A blast near the bottom could disturb sessile invertebrates such as mussels and
hard substrate gitable for their colonization. A blast in the vicinity of hard corals could cause direct
impacton coral polyps or early lifstages of presettlement corals, or fragmentation and siltation of the
corals. For example, in one studyoderate to substantialecovery from a single small Bladirectly on

a reefwas observed withib years, but reef areas damaged by multiple blasts showed rieree of
recovery during thé-year observation perio@~ox & Caldwell, ZB). In another study, modeling results
indicated that deepwater corals off Alaska damaged by trawlirgidties could require over 3@ears to
recover 80 percent of the original biomg$&ooper et al., 2011he extent of trawling damage is
potentially greater than that ass@ted with detonationgdue to the small footprints of detonations
compared to the larger surface area typically affected by trawling, as well as the avoidance of known
shallowwater coral reefs and live hard bottom habitat during activities involving dations. While the
effects of trawling activities and underwater detonations are not directly comparable, the trawling
model results illustrate the extended recovery time that may be required for deser coral regrowth
following physical disturbance

3.453
3.4 Invertebrates



HawairSouthern California
Training and Testing Final EIS/OEIS October 2018

Impacts orbenthic invertebrates in deeper water would be infrequent because most offshore
detonations occur in the air or at the surface. Benthic invertebrates in the abyssal zone (generally
considered to be deeper than about 6,000 ft.) seaward of thestzddarge marine ecosystems are
sparsely distributed and tend to be concentrated around hydrothermal vents and cold seeps. These
topographic features are typically associated with steep or-ngdilef areas of the continental shelf
break (e.g.canyons, atcrops) or open ocean (e.geamounts).

Underwater surveys of a Navy bombing range in the Pacific Ocean (Farallon De Medinéla)
conductedannuallyfrom 1999 to 201ZSmith & Marx, 2016)Although Farallon De Medinilla is a land
range, bombs and other munitions occasionally strike the watéimi#ed number of observations of
explosionrelated effects were reportedand the results are summarized here to provide general
information on the types oimpacts that may occuHowever, he effects are not presumed to be
broadly applicable tdNavy training and testing activitieBuring the 201&urvey, it was determined that
ablast of unknown sizéand therefore of unknown applicability to proposed trizig and testing
activities)along the waterline of a cliff ledge caused mortality to small oysters near the impact point.
Corals occurring withiB m of the affected substrate were apparently healthy. A blast cratethe

bottom that wasb m in diameterand 50cm deep, presumably resulting from a surface detonation, was
observed during one survey in water depth ofri2Although it may be presumed thabials or other
invertebrates located within the crater footprint would have been damagedisplacedevidence of

such impacts was natetected The blast occurred in an area of sparse coral coverage and it is therefore
unknown whether coral was present in the crater area prior to the blast.

The applicability of the mortality distance estimates showrFayure3.4-1to invertebrates located in

the water column is unknown. However, detonations that occur near the surface release a portion of
the explosive energy into thair rather tha the water, reducing impacts anvertebrates in the water
column. In addition to effects caused by a shock wave, organisms in an area of cavitation that forms
near the surface above a large underwater detonatiould be killed or injuredCavitation is where the
reflected shock wave creates a region of negative pressure followed by a collapse, or water hammer
(see Appendix D, Acoustad Explosive Conceptd he number of organisms affected by explosions at
the surface or in the water domn would depend on the size of the explosive, the distance of organisms
from the explosion, and the specific geographic location within the Study Area. As discussed previously,
many invertebrates that occur near the surfaaenight(e.g., squid and zodgnkton) typically move

downin the water columrduring the day making them less vulnerable to explosions when most Navy
activities involving detonations occur.

Marine invertebrates beyond the range of mortality or injurious effects may detect the inpudsiund
produced by an explosion. At some distance, impulses lose their high pressure peak and take on
characteristics of noimpulsive acoustic waves. Invertebrates that detect impulsive orinmulsive
sounds may experience stress or exhibit behavigattions in response to the sound (see Section
3.4.3.1.1 Background)Repetitive impulses during multiple explosions, such as dursugfacefiring
exercise, may be more likely to cause avoidance reactions. Hovikeatistance to which invertebrates
are likely to detect sounds is limited due to their sensitivity to water particle motion caused by nearby
low-frequency sources. Sounds produceavister duringtraining andtesting activities, including

activities that involve multiple impulses, occur over a limited duration. Any auditory masking, in which
the sound of an impulse could prevent detection of other biologically relevant sounds, euld
verybrief.
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3.4.3.2.2 Impacts from Explosives
3.4.3.2.2.1 Impacts from Explosives Under Alternative 1

Impacts from Explosives Under Alternative 1 for Training Activities

Under Alternative 1, marine invertebrates would be exposed to surface and underwater explosions and
associated underwater impulsive sounds from higplosive munitions (including bombs, missiles,
torpedoes, androjectileg, mines, and demolition chargesplosives would be usatiroughout the

Study Area. A discussion of explosjuasluding explosive source classegrvided in Section 3.0.323.
(Explosivestressos). The largest source class proposed for training under Alternative 2 {§38to

1,0001b. NEW, used during bombing exercises {@irsurface) and sinking exercises.

In general, explosive events would consist of a single explosion or a few smaller explosions over a short
period, and would occur infrequently over the course of a y&fith the exception of mine warfare,
demolition, and a relatively small number of otheainingevents that occur in shallow water close to
shore(typically in the same locations that are regularly disturheddst detonations would occur in
water depths geater than200ft. (but still at the surfaceand greater than 30 9 NM from shore. As

water depth increases away from shore, benthic invertebrates would be less likely to be impacted by
detonations at or near the surfadeecause the impact of the underwater impulsive sounds would be
dampenedPelagidnvertebrates, such asquid and zooplanktoyare typicallylessabundantnear the
surfaceduring the daywhen explosiongypicallyoccur.ln addition, detonations near thgurface would
release a portion of their explosive energy into the air, reducingpthtential forimpactson pelagic
invertebrates

Mine warfare activities are typical examples of activities involving detonations on or near the bottom in
nearshore waterslnvertebrates in these areas are adapted to frequent disturbance from storms and
associated sediment redistribution. Studies of the effects of lsge sediment disturban¢such as
dredging and sediment borrow projectsave found recovery of benthmmmunities over a period of
weeks to yeargPosey & Alphin, 2002; U.S. Army Corps of Engineers,. ®d@)very time is variable

and may be influenced by multgpfactors, but is generally faster in areas dominated by sand and
moderate to strong water movement. The area of bottom habitat disturbed by explosions would be less
than that associated with dredging or other large projects, and would occur mostly ihattdtn areas

that are regularly disturbely natural processes such as water currents and wavestherefore

expected that areas affected by detonations would rapidly be recolonized (potentigtiyn weeks) by
recruitment fromthe surrounding invedbrate community. Craters resulting from detonations in the

soft bottom would be filled and smoothed by waves and kshgre currentover time resulting in no
permanent change to bottom profiles that could affect invertebrate species assensblBige tine

required to fill craters would depend on the size and depth, with deeper craters tiglyring more

time to fill (U.S. Army Corps of Engineers, 200he amount of bottom habitat impacted by explosions
would be a very small percentage of the habitat available in the Study Aneaotal area of bottom

habitat potentially disturbed by explosions is estimated at alfdhaesannually for training activities

Many corals and hard bottom invertebrates aessile fragile, and particularly vulnerable to shock
wave impacts. Manyfdhese organisms are slegrowing and could require decades to reco(erecht
et al., 2001)However, most explosions would occur at or near the water suréamkoffshore reducing
the likelihood of bottom impacten shallowwater coras.

In summarygexplosives producerpssure waves that can harm invertebrates in the vicinity of where
they typically occur: mostly offshore surface waters where only zooplankton, squid, and jellyflshsare
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abundant during the dawhen trainingactivities typicallyoccur. Exceptions occwhere explosives are
used on the bottom within nearshore arshorewaters on or near sensitive hard bottom communities
that are currently not mapped or otherwise protecteshallowwater coral reefs are protected from
such explosions whereas othiere hard bottom communities are protected to the extent they are
included in currentnitigation measuresSoft bottom communities are resilient tmccasional
disturbances. Accordingly, the overall impacts of explosionsidaspreadnvertebratepopulations
would likely beundetectable Although individua of widespreadnarine invertebratespeciesvould
likely be injured or killed during an explosion, the numbesuwthinvertebrates affected would be small
relative to overall population sizes, aadtivities would be unlikely to impact survival, growth,
recruitment, or reproduction of populations or subpopulatio@pecies with limited distribution, such as
stony corals and abalones, would be of greater concern.

As discussed in Section 5.4.1 (Mitign Areas for Seafloor Resources), the Navy will implement
mitigation to avoid impacts from explosives on seafloor resources in mitigation areas throughout the
Study Area. For example, the Navy will not conduct explosive mine countermeasure and ragiaraliz
activities within a specified distance of shallaater coral reefs, precious coral beds, live hard bottom,
artificial reefs, and shipwrecks. The mitigation will consequently also help avoid potential impacts on
invertebrates that inhabit these areamcluding several areas inhabited by white abalone and
blackabalone.In addition, procedural mitigations include the requirement to avoid jellyfish
aggre@tions during sinking exercisaad the use of explosive torpedoes.

Black abalonare foundprimarily within the intertidal zone where explosions do not occout also
occur in the subtidal zone to a depth of about 20Vihite abaloneoccur at greater depthBoth species
couldpotentiallybe exposed to underwater detonations associated with trainigreises although
detonationsare not expected to occur on the hard substrateangthin the depth range associated with
black abalone and white abalonBecause the number of underwater detonations is very spttadi
population densiy of black abalone athwhite abaloneis very lowand detonations would not typically
occur in areas likely to suppdtack abalone and white abalonihe probability of these species being
exposed tadetonation effectdslow. Navy activities would not overlap wittesignated black abalone
critical habitat, and critical habitat has not been designated for white abalone under théES#aant
to the ESAthe use okxplosives during training activities described under Alternative 1 wouldve
no effect ondesignaed black abalone critical habithecause activities would not occur within
designated critical habitabut may affect ES#isted abalone specie3he Navyhas consultedvith
NMFSas required byection 7a)(2) of the ESA

Impacts from Explosives Under Alternative 1 for Testing Activities

Under Alternative 1, marine invertebratesuld be exposed tgurface and underwategxplosions from
high-explosive munitions (including bombs, missiles, torpedoes panjgctileg, mines, demolition
charges explosivesonobuoys, and ship shock trial chargeglosives would be usatiroughout the
Study AreaUse of explosives is described in Section 3.0.3.3.2 (Explosive Stressors).

In general, explosive events would consist of a single explosion or a few smallesi@plover a short
period, and would occur infrequently over the course of a year. With the exception of mine warfare,
demolitioncharges and line charge testing events that occur in shallow water close to shore (typically in
the same locations that are regularly disturbed), most detonations would oceareas withwater

depths greater than 200 ft. (butetonationsstill would occurat the surface) and greater than 3 NM

from shore. Ship shock charges would occur off the continental shelf in epghsgreater than 600
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ft. As water depth increases away from shore, benthic invertebrates would be less likely to be impacted
by detonations tior near the surfaceTheinvertebratesthat occur at or near the surface consist

primarily of squid, jellyfish, and zooplanktamhichare typically active near the surface at night, when
explosions occunfrequently. In addition, detonations near thaigace would release a portion of their
explosive energy into the air, redag the potential for impacts opelagic invertebrates.

Mine warfare activities are typical examples of activities involving detonations on or near the bottom in
nearshore waterslinvertebrates in these areas are adapted to frequent disturbance from storms and
associated sediment redistribution. Studies of the effects of l@gde sediment disturbance such as
dredging and sediment borrow projects have found recovery of benthicxuamities over a period of

weeks to yeargPosey & Alphin, 2002; U.S. Army Corps of Engineers,. Rd@&)very time is variable

and may be influenced by multipladtors, but is generally faster in areas dominated by sand and
moderate to strong water movement. The area of bottom habitat disturbed by explosions would be less
than that associated with dredging or other large projects, and would occur mostly in stftrbareas

that are regularly disturbed by natural processes such as water currents and waves. It is therefore
expected that areas affected by detonations would be recoloniagily (potentiallywithin weeks) by
recruitment fromthe surrounding invertelate community. Craters resulting from detonations in the

soft bottom would be filled and smoothed by waves and lghgre currents over time, resulting in no
permanent change to bottom profiles that could affect invertebrate species assensblBige time

required to fill craters would depend on the size and depth, with deeper craters likely filling more slowly
(U.S. Amy Corps of Engineers, 200The amount of bottom habitat impacted by explosions would be a
very small percentage of the habitat available in the Study Arka.total area of bottom habitat

potentially disturbed by explosions is estimated at abéStacres annually for testing activities

In summary, explosives produce pressure waves that can harm invertebratesiinntteeliatevicinity of
wherethe explosion®ccur. The majority of the explosions would occupifshore surface waters
wherethe predaninant invertebrate specieare prevalent mostly at night when testing activities
typically occuiinfrequently. Exceptions occur where explosives are used on the bottom within
nearshore oinshorewaters on or near sensitive hard bottom communities that aurrently not

mapped or otherwise protected; shallewater coral reefs are protected from such explosions whereas
other live hard bottom communities are protected to the extent they are included in cumeitigation
measures. Soft bottom communities are resilient to occasional disturbances. Accordingly, the overall
impacts of explosions onidespreadnvertebrate populations would likely hendetectablebecause of

the small spatial and temporal scale of potential ehas Although individual marine invertebrates
would likely be injured or killed during an explosion, #utivities would be unlikely to impact survival,
growth, recruitment, or reproduction of marine invertebrate populations or subpopulations.

As discussd in Section 5.4.1 (Mitigation Areas for Seafloor Resources), the Navy will implement
mitigation to avoid impacts from explosives on seafloor resources in mitigation areas throughout the
Study Area. For example, the Navy will not conduct explosive mingemneasure and neutralization
activities within a specified distance of shalleater coral reefs, precious coral beds, live hard bottom,
artificial reefs, and shipwrecks. The mitigation will consequently also help avoid potential impacts on
invertebrates that inhabit these areas, including several areas inhabited by white abalone and
blackabalone.In addition, procedural mitigations include the requirement to avoid jellyfish
aggregations during the use of explosive torpedoes.

Black abalone are found pnarily within the intertidal zone where explosions do not occur, but also
occur in the subtidal zone to a depth of about 20 ft. White abalone occur at greater d&gtthspecies
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could potentially be exposed to underwater detonations associated with tgstativities although
detonations are not expected to occur on the hard substrate or within the depth range associated with
black abalone and white abalonBecause the number of underwater detonations is very sl
population density of black abalerand white abalone is very loand detonations would not typically
occur in areas likely to support black abalone and white abalkiveeprobability of these species being
exposed to detonation effects is loNMavy activities would not overlap with desa&ed black abalone
critical habitat, and critical habitat has not been designated for white abalone under thé?ES#8ant

to the ESAthe use oexplosives during testing activities described under Alternative 1 wouldve no
effect ondesignated blek abalone critical habitdiecause activities would not occur within designated
critical habitat butmay affect ES#isted abalone specie3he Navyhas consultedvith NMFSas

required bysection 7a)(2) of theESA.

3.4.3.2.2.2 Impacts from Explosives Under Alternative 2
Impacts from Explosives Under Alternative 2 for Training Activities

The locations, number of eventsea affectedand potential effects associated with explosives would
be the same under Alternatives hé 2. Refer to SectioB.4.3.2.2.1(Impacts from Explosives Under
Alternative J for a discussion of impacts on invertebrates.

As discussed in Section 5.4.1 (Mitigatioras for Seafloor Resources), the Navy will implement
mitigation to avoid impacts from explosives on seafloor resources in mitigation areas throughout the
Study Area. For example, the Navy will not conduct explosive mine countermeasure and neutralization
activities within a specified distance of shallevater coral reefs, precious coral beds, live hard bottom,
artificial reefs, and shipwrecks. The mitigation will consequently also help avoid potential impacts on
invertebrates that inhabit these areas, indlng several areas inhabited by white abalone and
blackabalone.In addition, procedural mitigations include the requirement to avoid jellyfish

aggrea@tions during sinking exercisaad the use of explosive torpedoes.

As discussed in Secti@m.3.2.2.1(Impacts from Explosives under Alternative)rsuant to the ESA,
the use of explosives during training activities as described under Alternatinay affect EShsted
abalone specied he use of explosives would have no effect on black abalone critical habitat.

Impacts from Explosives Under Alternative 2 for Testing Activities

The location®f explosivesisewould be the same under Alternatives 1 andrBe total area of bottom
habitat potentially disturbed by explosions is estimated at about 8.0 acres annually, which represents a
very small increase in the total area potentially disturbed in the Study Amepaed to Alternative 1
However, the difference would not result in substantive changes to the potential for or types of impacts
on invertebratesRefer to Sectin 3.4.3.2.2.(Impacts from Explosives Under Alternatiyedr a

discussion of impacts on invertebrates.

As discussed in Section 5.4.1 (Mitigation Areas for Seafloor Resources), the Navy will implement
mitigation to avoid impacts from expdives on seafloor resources in mitigation areas throughout the
Study Area. For example, the Navy will not conduct explosive mine countermeasure and neutralization
activities within a specified distance of shallewater coral reefs, precious coral bedselivard bottom,
artificial reefs, and shipwrecks. The mitigation will consequently also help avoid potential impacts on
invertebrates that inhabit these areas, including several areas inhabited by white abalone and
blackabalone.In addition, procedural migations include the requirement to avoid jellyfish

aggregations during the use of explosive torpedoes.
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As discussed in Secti@®.3.2.2.1(Impact from Explosivesnder Alternative 1)pursuant to the ESA,
the use of explosives during testing activities as described under Alternative 2 may affdist&SA
abalone specied he use of explosives would have no effect on black abalone critical habita

3.4.3.2.2.3 Impacts from Explosives Under the No Action Alternative

Impacts from Explosives Under the No Action Alternative for Training and Testing
Activities

Under theNo ActionAlternative, the Navy would not conduct the proposed training and testing
activities in the HSTT Study Ar&xplosive stressors would not be introduced into the marine
environment.Therefore, baseline conditions of the existing environment would eitBprain
unchanged or would improve slightly after cessation of ongoing training and testing activities.

3.4.3.3 Energy Stressors

This section analyzes the potential impacts of the various types of energy stressors that can occur during
training and testing activitewithin the Study Area. This section includes analysis of the potential

impacts from: (1)n-water electromagnetic devices, (B)-air electromagnetic devices, and

(3) high-energy lasersAspects of energy stressors that are applicable to marine organmisgeneral are
presented in Section 3.082 (Conceptual Framework for Assessing Effects from Energy
ProducingActivities).

3.4.3.3.1 Impacts from In-Water Electromagnetic Devices

Several different types of electromagnetic devices are used during training amtestivities.
Information on the types of activities that usewater electromagnetic deviceas provided in
AppendixB (Activity Stressor Matrices).

Little information is available regarding marine invertebr@mssceptibility to electromagnetic fields.
Magnetic fields are not known to control spawning or larval settlememny invertebrate species
Existing information suggests sensitivity to electric and magnetic fields in at least three marine
invertebrate phyla Mollusca, Arthropoda, and EchinodermdBureau of Ocean Energy Management,
2011; Lohmann et al., 1995; Lohmann & Lohmann, 2@08)ssible magnetic sens&s been suggested
in jellyfish as well, although this has not besmonstratedexperimentally(Fossette et al., 2015Much
of the available information on magnetic field sensitivity adrine invertebrates pertains to
crustaceans. For example, a magnetic compass desbeen demonstrateith the spiny lobster
(Panulirus argugLohmann et al., 1995; Lohmann & Lohmann, 20863researchersuggest subtle
behavioral response to magnetic fields of ab&umillitesla(1,000 microte®)in the Dungeness crab
and American lobstefWoodruff et al., 2013)Areview of potertial effects of undersea power cables on
marine specieprovidesa summary of numerous studies of the sensitivity of various invertebrate
species to electric and magnetic fiel@ureau of Ocean Energy Management, 20Elgctric field
sensitivity is reported in the summafor only two freshwater crayfish specjeghile magnetic field
sensitivity is reported for multiple marine invertebrate species, including molluscs, crustaceans, and
echinoderms. Sensitivity thresholds range fr860 to 30,000 microtes|adepending onlie species.

Most responses consisted of behavioral changes, althougHetbal physiological effects were noted in
two sea urchin species in a,B00microteslafield (embryo development) and a marine mussel exposed
to 300to 700 microtesldield strength(cellular processesMarine invertebrate community structure
was not affected by placement of energized underwater power cabi¢h field strengths of 7®
100microtesla(Love et al., 2016Effects to eggs of the sea urcharacentrotus lividuand to brine
shrimp @rtemiaspp.) cysts have been reported at relatively higigmetic field strengths (750
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25,000microtesla)(Ravera et al., 2006; Shckorbatov et al., 20T magnetic field generated by the
Organic Airborne and Surface Influence Sweep (a typical electromagnetic device usedtiaiNiagy
andtesting) is abou®,300microteslaat the source. Field strength drops quickly with distance from the
source, decreasing t80 microteslaat 4m, 5 microteslaat 24m, and0.2 microteslaat 200m from the
source.Therefore, temporary disruption of navigati and directional orientation is the primary impact
considered in association with magnetic fields

Studies of the effects of lowoltage direct electrical currents in proximity to marine invertebrates
suggest a beneficial impagh at least some species appropriate current strength. American oysters
(Crassostrea virginigand various stony and soft corals occurring on substrates exposed4wltage
currents (between approximately 10 and 1,000 microamperes) showed increased growth rates and
survival(Arifin et al., 2012; Goreau, 2014; Jompa et al., 2012; Shorr et al.,.20&Meorizedthat the
benefits may result from a comtation of more efficient uptake of calcium and other structimailding
minerals from the surrounding seawater, increased cellular energy production, and increased pH near
the electrical currents. The beneficial effects were noted in a specific rangerefitstrength; higher

or lower currents resulted in either no observable effects or adverse eff@stsmoderate voltage and
current associated with the Organic Airborne and Surface Influence Sweep are not expected to result in
adverse effects to invertehtes.In addition, due to the shosterm, transient nature of electromagnetic
device use, there would be no beneficial effects associated with small induced electrical currents in
structures colonized by invertebrates

3.4.3.3.1.1 Impacts from In-Water Electromagnetic Devices Under Alternative 1

Impacts from In-Water Electromagnetic Devices Under Alternative 1 for Training
Activities

As indicated in Sectio®0.3.33.1 (n-Water Electromagnetic Devices), under Alternative 1, training
activities involvingn-water electromagnetic devicesould occur in theSouthern Californi®ange
Complex.

The impact of electromagnetic devices to marine invertebrates would depend upon the sensory
capabilities of a species and the life functions thaitagnetic or eletric sensory systems support
(Bureau of Ocean Energy Management, 20Thg primary potential effect would be temporary
directional disorientation for individuals encountering a hur@nduced magnetic field. For example,
an individual could be confused or change its nogat direction while exposed to a field. However, a
limited number of studies suggest other effedsach as changes in embryo developmeme possible
within relatively strong fields for an extended tiniE0to 150 minutes) Electromagnetic devicesedin
Alternative lwould only affect marine invertebrates located within a feet of the source. In addition,
most electromagnetic devices are mobile and would produce detectable magnetic fields for only a short
time at any given location. Further, duettte exponential drop in field strength with distanaad the
fact that electromagnetic devices are operated in the water column away from the bottasnunlikely
that benthic invertebrates such as lobsters and crabs would be affeE@mdexample, opet@n of the
Organic Airborne and Surface Influence SwieelB ft. water depth would produce field strength at the
bottom that is an order of magnitude lower than any field strength associated with behavioral or
physiological effects in the available studyorts. Therefore exposedspecies would be those typically
found in the water column such as jellyfish, squid, and zooplanktod mostly at night when squid and
zooplankton have migrated up in the water coluniithough a small number of invertebratemuld be
exposed to electromagnetic fields, exposure is not expected to gigjdasting effects on the survival,
growth, recruitment, or reproduction of invertebrate species at the population level.
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The ESAisted black abalonand white abaloneccur n the Southern Californi&angeComplex.
However the use ofin-water electromagnetic devices would nekpose EShstedabalonespecies to
electromagnetic fieldbecausehe devices would be operatdd relatively deep waterandthe field
strength drogs rapidly with distance from the sourc&here is no overlap of electromagnetic device use
in the Southern California Rang&mmplexn designated black abalone critical habit@iherefore,
electromagnetic devices would not affdaiack abaloneritical habitat Critical habitat has not been
designated for white abalonender the ESAPursuant to the ESA, the use ofwater electromagnetic
devices during training activities as described under Alternative 1 would have no effect -¢istEGA
abdone species or critical habitat.

Impacts from In-Water Electromagnetic Devices Under Alternative 1 for Testing Activities

As indicated in SectioBl0.3.33.1 (n-Water Electromagnetic Devices), under Alternative 1, testing
activities involvingn-water electromagnetic devicewould occurin the Hawaii Range Complexd
Southern Californi&angeComplex

The impact of electromagnetic devices to marine invertebrates would depend upon the sensory
capabilities of a species and the life functions thaitagnetic or electric sensory systems support
(Bureau of Ocean Energy Management, 20Thg primary potential effect would be temporary

directional disorientation for individuals encountering a hur@anduced magnetic field. For example,

an individual could be confused change its movement direction while exposed to a field. However, a
limited number of studies suggest other effects such as changes in embryo development are possible
within relatively strong fitds for an extended time (1@ 150 minutes). Electromagnetievices used in
Alternative 1 would only affect marine invertebrates located within a few feet of the source. In addition,
most electromagnetic devices are mobile and would produce detectable magnetic fields for only a short
time at any given locationurther, due to the exponential drop in field strength with distarasel the

fact that electromagnetic devices are operated in the water column away from the bottasnunlikely

that benthic invertebrates such as lobsters and crabs would be affecte@xBorple, operation of the
Organic Airborne and Surface Influence Sweep in 13 ft. water depth would produce field strength at the
bottom that is an order of magnitude lower than any field strength associated with behavioral or
physiological effects in thavailable study reports. Therefore, exposed species would be those typically
found in the water column such as jellyfish, squid, and zooplankton, and mostly at night when squid and
zooplankton have migrated up in the water column. Although a small nunfiavertebrates would be
exposed to electromagnetic fields, exposure is not expected to gigjdasting effects on the survival,
growth, recruitment, or reproduction of invertebrate species at the population level.

The ESAisted black abalone and whithalone occur in th&outhern Californi&angeComplex.
However the use of inwater electromagnetic devices would nekpose ESMhsted abalonespecies to
electromagnetic fieldbecause the devices would be operated in relatively deep water, and the field
strength drops rapidly with distance from the sour@éere is no overlap of electromagnetic device use
in the Southern California Ranggomplexn designated black abalone critical habit@herefore,
electromagnetic devices would not affdaiack abaloe critical habitat Gritical habitat has not been
designated for white abalone under the E®Arsuant to the ESA, the use ofwater electromagnetic
devices duringestingactivities as described under Alternative 1 would have no effect oHiE8A
abdone species or critical habitat
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3.4.3.3.1.2 Impacts from In-Water Electromagnetic Devices Under Alternative 2

Impacts from In-Water Electromagnetic Devices Under Alternative 2 for Training
Activities

The locations, number of events, and potential effects associatedimvitiater electromagnetic devices
would be the same under Alternatives 1 and 2. Refer to Se8t#3.3.1.1(Impacts fromin-Water
Electromagnetic Devices Under Alternativddr)a discussion of impacts on invertebrates

As discussed in Secti@¥.3.3.1.1(Impacts fromin-Water Electromagnetic Devices Under Alternative
1), pursuant to the ESA, the use ohirater electromagnetic devices duritigaining activities as
described under Alternative 2 would have no effect on-#S8&d abalone speciew critical habitat

Impacts from In-Water Electromagnetic Devices Under Alternative 2 for Testing Activities

The locations, number of events, and potentiakets associated witn-water electromagnetic devices
would be the same under Alternatives 1 and 2. Refer to Se8ti$8.31.1(Impacts fromin-Water
Electromagnetic Devices Under Alternativddr)a discussion of impacts on invertebrates.

As discussed in Secti@m.3.3.1.(Impacts fromin-Water Electromagnetic Devices Under
Alternativel), pursuant to the ESA, the use ohirater electromagnetic devices duribgstingactivities
as described under Alternative 2 would have no effect onlisEd abalone speciex critical habitat

3.4.3.3.1.3 Impacts from In-Water Electromagnetic Devices Under the No Action
Alternative

Impacts from In-Water Electromagnetic Devices Under the No Action Alternative for
Training and Testing Activities

Under theNo ActionAlternative, the Navy would not conduct the proposed training and testing
activities in theHSI'T Study Area/arious energy stressors (e.g-water electromagnetic devices)
would not be introduced into the marine environmefiherefore, baseline condins of the existing
environment would either remain unchanged or would improve slightly after cessation of ongoing
training and testing activities.

3.4.3.3.2 Impacts from In-Air Electromagnetic Devices

In-air electromagnetic devices are not applicable to invertebsdtecause of the lack of transmission of
electromagnetic radiation across the air/water interface and will not be analyzed further in this section.

3.4.3.3.3 Impacts from High-Energy Lasers

This section analyzes the potential impacthigihenergylasers orinvertebrates. As discussed in
Section 3.0.38.3.3 (Lasers)high-energylaser weapons are designed to disable surface targets,
rendering them immobileThe primary concern is the potential for an invertebrate to be struck with the
laser beam at or near thwate!@ surfacewhere extended exposureould result in injury or death.

Marine invertebrates could be exposed to the laser only if the beam misses the target. Should the laser
strike the sea surfacendividual invertebrates at or near the surfacechuas jellyfish, floating eggs, and
larvae could potentially be exposed. The potential for exposure higii-energylaser beam decreases
rapidlyas water depth increaseand with time of day, as many zooplankton species migrate away from
the surface durnig the day Most marine invertebrates are not susceptible to laser exposure because
they occur beneath the sea surface.
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3.4.3.3.3.1 Impacts from High-Energy Lasers Under Alternative 1

Impacts from High-Energy Lasers Under Alternative 1 for Training Activities

There wauld be no use of higknergy lasers associated with training activities. Therefore -bigdrgy
lasers are not analyzed in this subsection

Impacts from High-Energy Lasers Under Alternative 1 for Testing Activities

As indicated in Section 3.0.3.83La®rs) under Alternative ltesting activities involvingigh-energy
lasers wouldbccurin the Hawaii Range Complexd Southern Californi&angeComplex

Invertebrates that do not occur at or near the sea surface would not be exposed due to the attenuation
of laser energy with depttSurfacenvertebratessuch as squid, jellyfish, and zooplankton (which may
include invertebrate larvae) exposed to highergy lasers could be injured or killed, but thember of
individuals potentially impacted would bew based on the relatively low number of events, very
localized potential impact area of the laser beam, #mgltemporary duration(secondspf potential

impact. Activities involving higlenergy lasers are not expected to yieldy behavioral changes or

lasting effects on the survival, growth, recruitment, or reproduction of invertebrate species at the
population level because of the relatively small number of individuals that could be impacted

Benthic invertebrates, including Efgted abalone species, woutet be affected by higienergy lasers.
In addition, higkenergy lasers would not affect essential biological features of black abalone critical
habitat. Critical habitat has not been designated for white abalone under theFESzuant to the ESA,
the useof high-energy lasers duringjaining activities as described under Alternative 1 would have no
effect on ESAisted abalone speciex critical habitat.

3.4.3.3.3.2 Impacts from High-Energy Lasers Under Alternative 2
Impacts from High-Energy Lasers Under Alternative 2 for Training Activities

There would be no use of higinergy lasers associated with training activities. Therefore -igigy
lasers are not analyzed in this subsection.

Impacts from High-Energy Lasers Under Alternative 2 for Testing Activities

The locations, number of events, and potential effects associated withdrighgy lasers would be the
same under Alternatives 1 and 2. Refer to Sec8i@gn3.3.3.1(Impacts from HigHenergy Lasers Under
Alternative 1) for a discussion of impacts on invertebrates

As discussed in Secti@m.3.3.3.1(Impacts from HiglEnergy Lasers Under Alternative djrsuant to
the ESA, the use bigh-energy lasersluringtestingactivities as described under Alternative 2 would
have no effect on ESlisted abalone speciax critical habitat

3.4.3.3.3.3 Impacts from High-Energy Lasers Under the No Action Alternative

Impacts from High-Energy Lasers Under the No Action Alternative for Training and
Testing Activities

Under theNo ActionAlternative, the Navy would not conduct the proposed testing activities in the HSTT
Study AreaHighenergy laser use is not a part of ongoing Navy activities in the Study Area and this
energy stressor would not be introduced into the marine environmertdar the No Action Alternative.
Therefore, no change in baseline conditions of the existing environment would occur.
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3.4.3.4 Physical Disturbance and Strike Stressors

This section analyzes the potential impacts of the various types of physical disturbancekand stri
stressordhat could result fromNavy 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
3.0.3.3.4(Physical Disturbance and StrikeeSsors) Aspects of physical disturbance and strike stressors
that are applicable to marine organisms in general are presented in Sectior6B8JGonceptual
Framework for Assessing Effects from Physical Disturbance or Skhikephysical disturbanand

strike stressors that may impact marine invertebrates include: (1) veasdis-water devices,

(2) military expended materials3) seafloor devices, and)pile driving

Most marine invertebrate populations extend across wide areas containing bdadr thousands of
discrete patches of suitable habitat. Sessile invertebrate populations magrbeectedby complex
currents that carry adults and young from place to pldogacts orsuch widespread populations are
difficult to quantitatively evaluatén terms of Navy training and testing activities that occur
intermittently and in relatively small patches in the Study Ategertebrate habitatgyenerallycover
enormous areas3ection 3.5, Habitay&nd, n this context, a physical strike disturbance would
impact individual organisms directly or indirectly, but not to the extent that viability of populatibns o
commonspecies would be impactetivhile the potential ér overlap between Navy actiwi and
invertebrates is reduced for thosgeciesliving in rare habitats, if overlap does occany potential
impacts would be amplified for those invertebrate species or taxa with limited spatial eXigramples
of such organisms include abalones, stony corals, and sponges, which are mostiece&i hard
bottom habitator artificial habitat Shallowwater coral reefsprecious coral beddive hard bottom,and
other areas of hard substratauch as artificial reefare protected to the extent they are included in
currentmitigation measures

With few exceptions, activities involving vessels andi@ter devices are not intended to contact the
bottom due to potential damage to equipment and the resulting safety risks for vessel personnel. The
potential for strike impact and disturbance of berttor habitatforming marine invertebrates would
result from amphibious activities, bottortrawling unmanned underwater vehicles, military expended
materials, seafloor deviceand pile drivingFor environmental and safety reasons, amphibious landings
andother nearshore activities would avoid areas where corals are known to occur.

With the exception ohabitat-forming benthictaxa(e.qg., corals, sea pens, and spongeas)stsmall
invertebrate populations recover quickly from nemtractive disturbanceMany large invertebrates,

such as crabs, shrimps, and clams, undergo massive disturbance during commercial and recreational
harvests storms, or beach restoration activitidavertebrates that occur in theigh-energy surzone

are typically resilient talynamic processes of sediment erosion and accretion, although some
community effects may occur due to rapid and relatively lasgale changes such as those associated
with beach renourishment projec{®).S. Army Corps of Engineers, 2001)

Biogenic habitats such abkallowcoral reefs, deepvater coral, and sponge communities may take
decades to regw following a strike or disturbanddennings & Kaiser, 1998; Precht et al., 2001)
However, bottomdisturbing activities are not conducted on mapped coral reefs or live hard botfiom.
soft bottom areas, recovery of benthic invertebrate populations after substantial human disturbance
depends on factors such as sifahe area disturbedbottom topography, hydsdynamics of the

affected area, seasonality of the disturbance, and the size and typical growth rate of affected species.
Most studies of the effects dfeach sanchourishment projectgwhich isa proxy for impacts due to
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amphibious landingd)ave reportednitial declinesin benthic invertebrate populations due to burial and
increased turbidity (which may affect filtdeeding capability), but subsequent recovery over time scales
of weeks to yeargPosey & Alphin, 2002; U.S. Army Corps of Engineers, 2001, 2012; Wilbe2@29)
Recovery is typically greatest at notansent sites when there is a close match in grain size between the
existing and supplied sediment. However, species composition may be altered in the recolonized area,
and overall invertebrate biomass may not recover for many yd&esearcherfound thattrawling off

the California coast resulted in no statistical difference in the abundance of sessile or mobile benthic
invertebrates(Lindholm et al., 2013However, repeated and intense bottom fishing disturbance can
result in a shift from communities dominated by relatively himbmass individuals towards dominance
by high abundance of smaked organismgéKaiser et al., 2002If activities arerepeated atthe same

site, the benthic invertebrate community compositi@ould be altered over time (yearsgspecially for
sessile invertebrates (e.g., @y. Some bottomdisturbing activities, such as mine countermeasures and
neutralization training and testing, precision anchoring, and placement ddéwatedCauseway

System, may occur in the same locations or near the same locations yearly.

3.4.3.4.1 Impacts from Vessels and In-Water Devices

Vessels

The majority of the training and testing activities under all the alternatives involve vessels. For a
discussion of the types of activities that use vesantbwhere they are usedgfer to Appendix B

(Activity Stresor Matrices)See Table 3:Q5 for a representative list of Navy vessel types, lengths, and
speeds.

Vessels could impaedults and other life stages afarine invertebratedy directly striking organisms

or by disturbing the water column or sedimer(Bishop, 2008)Species that occuat or near the surface
(e.g., jellyfish, squid) woulgbtentially be exposed to direct vessel striké&xposure to propeller
generated turbulence was found to result in mortality in a zooplankton species (the copejeotia
tonsg located near the surfac@ickel et al., 2011However, many pelagic invertebrates such as squid
and zooplankton move awdrom the surface during the dayeducing potential exposures during
daytime vessel operationMany vessel hulls have a hydrodynamic shapel pelagic marine
invertebrates argherefore generally disturbed, rather than struck, as the water flows aroamessel
Zooplankton are ubiquitous in the water column and typically experience high mortality rates

In addition, vessel hull strikes and propeller cavitation and turbulence could displace, damage, injure, or
kill invertebrate eggs and larvae in thepgy portion of the water column throughout the Study Area.
For example, turbulent water was found to decrease successful fertilization and resulted in abnormal
development and low survival in eggs of the broadcast spawning purple sea Btihingyloceniotus
purpuratug (Mead & Denny, 1995)n some areasf the Hawaii Range Complexessels could transit
through water containing coral gametes, eggs, embryonic stages, or planula larvae of broadcast
spawning species. Eggs of cluster cokal@dpora milleporawere found to disintegrate into irregular
groupsor individual blastomeres when subjected to even very light shearing forces and turbulence
(Heyward & Negri, 20125uch dissociation can be beneficial through creation of moenjles, but

may also cause mortalitfarly embryonic development of broadcast spawning coral spéwses
reportedly been affected blgandling of captiveeared embryogGuest et al., 2010Although the
available information indidas that developmental stages of numerous invertebrate species could be
physically impacted, broadcaspawning invertebrates produce velargenumbers of eggs and
planktonic larvae thatypically experience high mortality rates under normal conditi@dgbakken,
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1993) Any impacts resulting from Navy vessel operation would be biologically insignificant
comparison.

Propeller wash (water displaced by propellers used for propulsion) of even the deepest draft vessels
operated over the continental shelf is likely indistinguishable from the water motion associated with
periodic storm events, and vesselayation in deeper waters beyond the shelf break would not affect
the bottom. Therefore, the potential for vessels to disturb invertebrates on or near the bottom would
occur mostly dung nearshore anchshore training or testing activities, and along dredgravigation
channelslnvertebrates on or near the bottom in such relatively shallow areas could be affected by
sediment disturbance or direct strike during amphibious landifrgsv sources of information are
available on the impact of nelethal chronicvessel disturbance to marine invertebrates. One study of
seagrassssociated marine invertebrates, such as amphipods and polychaetes, found that chronic
disturbance from vessel wakes resulted in the loaign displacement of some marine invertebrates
from the impacted shallowvater area(Bishop, 2008 However, invertebrates that typically occur in
areas associated with nearshoreinshore activities, such as shorelines, are highly resilient to vessel
disturbance. They are regularly disturbed by natural processes such asr@mgly waves and longshore
currents, and generally recover quickly. Potential exceptions include sessile or enciugtingbrates
that mayoccur along sheltered shorelines that are subject to a high frequency of boat proeller
wake-induced erosior{Grizzle et al., 2002; Zabawa & Ostrom, 198@reased erosion of shoreline
banks or suspension of bottom sediments may cause turbidityaffatts filterfeeding nvertebrates
The results of a small number of studies suggest that the wave energy resulting from boat wakes
produced in relatively narrow water bodies may affect oyster occurrence, and studies of shallow
freshwater areas found that waves generated fromadl boats caused about 10 percent of benthic
invertebrates (e.g., amphipods) to become suspended in the water column where they presumably
would be more vulnerable to predatigiBilkovic et al., 2017)

Nonamphibious vesselavoid contact with the bottom in order to prevent damage to the vessels and
benthic habitat that supports encrusting organisms. The encrusting organisms (e.g., hard corals) living
on hard substrate in the ocean are exposed to strong currents under natoingitions and would not

likely be affected by propeller wasklany activitiesoccur in offshore areasnd, therefore,would be

unlikely to affect benthic invertebratealthoughsmaltcaliber gunnery exercises, blank firing, and

smoke grenade use may ocdarareas closer to shorélany Navy vessel movements in nearshore
waters areconcentrated inestablished channels and ports or predictable traneiridors between the
Hawaiianislands or between San Diego Bay and San Clemente, lalah@hallowwater vessels typically
operate in defined boat lanes with sufficient depths to avoid propeller or hull strikes on the bottom.

The only source of shallewater vessel movement in the 8ty Aea with known direct impacts on
benthic invertebrates is amphibious landings, which are conduct#ékisilver Strand Training
ComplexHawaii Range Complgand Southern Californi&angeComplexAppendix A, Navy Activity
Description¥. Amphibiousressels would contact the bottom in the surf zone during amphibious assault
and amphibious raid operations. Benthic invertebrates of the surf zone, such as crabs, clams, and
polychaete worms, within the disturbed area could be displaced, injured, or Hiliedg amphibious
operations Burrowingspecies such aghost shrimp are present on many beaches, and individuals in
relatively shallow burrows located just above harder sand layers colilgjured orkilled if amphibious
vessels compress the sand abdkem. Rassage of amphibious vessels could cause some elevated
turbidity in the nearshore zone seaward of the surf zddewever, he sediment along landing beaches
is constantly being reworked by nearshore wave energy and, to a lesser extent (although more
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frequently than disturbance caused by amphibious landings), storm events. Benthic invertebrates
inhabiting these areas are adapted tmaturally disturbedenvironment and are expected to rapidly-re
colonizesimilarlydisturbed areas by immigration andal recruitment. Studies indicate that benthic
communities of higkenergy sandy beaches recover relatively quickly (typically wtkan7 months)

following beach nourishmenResearcherfound that the macrobenthic (visible organisms on the

bottom) community required between 7 and Iys to recover following excavation and removal of

sand from a 200n? quadrant from the intertidal zone of a sandy beg&thoeman et al., 2000)he

number of invertebrates impacted during amphibious landings would be small compared to the number
that are affected during activities such as beach nourishm&he impacts of amphibious vehicle
operations on benthic communities woullderefore likelybe minor, shorterm, andlocal.

Other than organisms occurring at amphibious landing sites, invertebrase®teur on the bottom,
including shallowvater corals, organisms associated with hard bottom, and deater corals, are not
likely to be exposed to vessel strikes. Propeller movement has the potential to disrupt sediments that
could affect shallowvater corals and hard bottom communities. Howevsrallow-water coras and
abalonespecies do not occualong the shoreline adjacent to amphibious landing areas.

In-Water Devices

Some of the training and testing activities undbeth action alternatives involvéhe use of inwater
devicesincludingremotely operated vehiclesinmanned surface vehicleshmanned underwater
vehiclesmotorizedautonomoustargets and towed devices. For a discussion of the types of activities
that use inwater devicesseeAppendix B (Activity Stressor MatrigeSee Table 3-Q7 for the types,
sizes, andeeds of representative Navy-water devices used in the Study Area.

Inwater deviceOl y 2LISNI G§S FNBY GKS gl G6SNRa adzaNFI Qg G2
impact marine invertebrates by directly striking organisms or by disturbing the water column. As
discussed for vessel use, most invertebrates in the water column would be disturbed, rather than struck,
as water flows around a devickie to the hydrodyamic shapeln addition, irwater devices are smaller

than most Navy vessels, decreasing the surface area in which invertebrates could beTs$teuck.

potential for direct strike is reduced for some types of devices because they are operated at relatively
low speeds (e.g., unmanned underwater vehicles, which aredlpioperated at speeds oftt

15knots). Unmanned surface vehicles are operated at the greatest speeds (up to 50 knots or more) and
therefore have greater potential to strike invertebrates.whyver, relatively few invertebrates occur at

the surface and consist mostly of squid, jellyfish, and zooplankton. Squid and many zooplankton species
move away from the surface during the d@yybakken, 1993when unmanned surface vehicles are
typically operated. ltwater devices do not normally collide with invertebrates on the bottom because

the devices are operated in relatively deep water and contact with the bottom is avoided. Devices
operated very near the bottom could potentially disturb sediments and associated invertebrates

through propeller wash. However, such disturbance would be infrequeniamdd affect a small area,

and disturbed areas would be quickly reoccupied by benthic invertehrates

As discussed for vessels, zooplankton and invertebrate eggs and larva could be displaced, damaged,
injured, or killed by propeller wash or turbulence réswg from water flow around irwater devices.

Effects due to turbulence would generally increase with increasing speed of the device. Many
zooplankton species migrate away from the surface during thewlagn Navy training and testing
typically are condcted, decreasing the potential for impacts in the upper portions of the water column.
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The number of individuals affected would be small in comparison to overall populations, and the
affected species generally exhibit rapid growth and recovery rates.

3.4.3.4.1.1 Impacts from Vessels and In-Water Devices Under Alternative 1
Impacts from Vessels and In-Water Devices Under Alternative 1 for Training Activities

The number and location of activities that include vessels is shown in Taklé,Z0d the number and
location d activities that include iwater devices is shown in Table 318. The majority ofNavytraining
activities include vesselgrhile a lower number of activities includewater devicesAs indicated in
Section3.0.33.4.1 (Vesseland InWater Devicel vessel operationvould be widely dispersed
throughout the Study Arebut would be more concentrated near portsaval instathtions,and range
complexes. Most vessel use would occur in ti8outhern CaliforniRangeComplexAmphibious
landings could occuat designated beaches in the Study Arkelgdrographic surveys habeen used to
map precise transit routes through sandy bottom areas to avoid potential vessel strikes gficonal
Hawaii Rang€omplex

Similar to vessel operation, activities involyimwater devices could be widely dispersed throughout

the Study Aregbut would be more concentrated near naval ports, piers, and ranges. Training activities
would occur in theHawaii Range Comple&outhern Californi@angeComplexandHSTT Transit
Corridor.Most inwater deviceuse would occur in th&outhern CaliforniRangeComplex

As discussed in SectiBm.3.4.1(Impacts fom Vessels and iWater Devices), invertebrates located at
or near the surface could be struck or disturbed by vessels, and invertebrates throughout the water
column could be similarly affected byvater devices. There would be a higher likelihood obeéand
in-water device strikes over the continental shelf than in the open ocean portions of the Study Area
because of the concentration aftivitiesand comparatively higher abundances of invertebrates
areascloser to shoreHowever, direct strikes ould generally be unlikely for most species. Exceptions
would include amphibious landings, where vessels contact the bottom and may directly impact
invertebrates. Organisms inhabiting these areas are expected to rapidiyloaize disturbed areas.
Other than during amphibious landings, purposeful contact with the bottmynvessels and iwater
deviceswould be avoided. The potential to disturb invertebrates on or near the bottom would occur
mostly during vessel nearshore and onshore training activitied,aéong dredged navigation channels.
Invertebrates that typically occur in areas associated with nearshore or onshore activities, such as
shorelines, are highly resilient to vessel disturbance. Propeller wash and turbulent water flow could
damage or kill@aoplankton and invertebrate gametes, eggs, embryonic stages, or larvae. Overall, the
area exposed to vessel @inwater device disturbance would @every small portion of the surface and
water column in the Study Area, and only a small number of indigdwould be affected compared to
overall abundanceTherefore, he impact of vessels and-water devices on marine invertebrates would
be inconsequential. Activities are not expected to ymhy lasting effects on the survival, growth,
recruitment, or eproduction of invertebrate species at the population level

Species that do not occur near the surface within the Study Area, includinlisieg/black abalone and
white abalonewould not be exposed to vessel strikés addition, these species would noe affected

by amphibious landing@mphibious assault, insertion, and extracti@imce abalone inhabit rocky
shores and hard bottom, which are not used for amphibious landinggsater devices do not contact
the bottom and would herefore notimpactblack abalone or white abalonblavy activities would not
occur in designatedlack abalone critical habitaand critical habitat has not been designated for white
abalone under the ESRursuant to the ESA, the use of vessels andater devices duringraining
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activities as described under Alternative 1 would have no effect odiEiBA abalone speciex critical
habitat.

Impacts from Vessels and In-Water Devices Under Alternative 1 for Testing Activities

The number and location of activities thatlnde vessels and-water devices is shown in Table 316.
As indicated in Section 3.0.3.3.4.1 (Vessels atwildter Devices), vessel operation would be widely
dispersed throughout the Study Area, but would be more concentrated near ports, haval iittalla
testing rangesand range complexe¥essel movements would occur throughout the Study Area but
would be concentrated in th&outhern Californi&angeComplex. Similarly, as indicated in Section
3.0.3.3.4.1 (Vessels and\Water Devices), mvater devices would be used throughout the Study Area
(including the Transit Corridobut would be concentrated in thBouthern Californi@angeComplex.

As discussed in Secti@M.3.4.1(Impacts from Vessels andWater Devices), invertebrates located at
or near the surface could be struck or disturbed by vessels, and invertebrates throughout the water
column could be sinakly affected by irwater devices. There would be a higher likelihood of vessel and
in-water device strikes over the continental shelf than in the open ocean portions of the Study Area
because of the concentration aftivitiesin those areas. However, ditt strikes would generally be
unlikely for most species, particularly for benthic invertebrates due to the absence of amphibious
landings. Purposeful contact with the bottom would be avoided. Propeller wash and turbulent water
flow could damage or kill pplankton and invertebrate gametes, eggs, embryonic stages, or larvae.
Overall, the arepotentiallyexposed to vessel and-imater device disturbance is a very small portion of
the surface and water column in the Study Area, and only a small numberigtiinals would be

affected compared to overall abundance. The impact of vessels andter devices on marine
invertebrates would be inconsequential. Activities are not expected to gigydasting effects on the
survival, growth, recruitment, or reprodtion of invertebrate species at the population level.

Species that do not occur near the surface within the Study Area, includinlisieg/black abalone and
white abalonewould not be exposed to vessel strikésaddition, inwater devices do not coatt the
bottom and would therefore not impact thessbalone speciedNavy activities would not occur in
designated tack abalone critical habitaand critical habitat has not been designated for white abalone
under the ESAPursuant to the ESA, the usewalssels and iwvater devices duringestingactivities as
described under Alternative 1 would have no effect on-#8@&d abalone speciex critical habitat.

3.4.3.4.1.2 Impacts from Vessels and In-Water Devices Under Alternative 2

Impacts from Vessels and In-Water Devices Under Alternative 2 for Training Activities

Under Alernative 2, potential impacts oimvertebrates resulting from vessels andéwater devices
associated with training activities would be similar to those discussed for activities under Alternative 1.
There would be a very small increase @sseland inwater deviceuse in the Study Aredlowever, the
difference would not result in substantive changes to the potential for or types of impacts on
invertebrates. Refer to Sectid®4.3.4.1.1(Impacts from Vessels andWater Devices Under

Alternative 1)for a discussion of potential impacts.

As discussed in Secti@m.3.4.1.)(Impacts from Vessels and-Water Devices Under Alternative 1),
pursuant to the ESA, the use of vessels angater devices duringrainingactivities as described under
Alternative 2 would have no effect on Efi#ted abalone specias critical habitat
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Impacts from Vessels and In-Water Devices Under Alternative 2 for Testing Activities

Under Alernative 2, potential impacts oimvertebrates resulting from vessels andvirater devices
associated with testing activities would be similar to those discussealctivities under Alternative 1.
There would be a very small increase in vessel amhier device use in the Study Arddowever, the
difference in vessel use would not result in substantive changes to the potential for or types of impacts
on invertebrates. Refer to Secti@¥.3.4.1.(Impacts from Vessels andWater Devices Under

Alternative 1)for a discussion of potential impacts

As discussed in Secti@m.3.4.1.1(Impacts from Vessels andWater Devices Under Alternative 1),
pursuant to the ESA, the use of vessels angater devices duringestingactivities as described under
Alternative 2 would have no effect on Efigted abalone speciax critical habitat

3.4.3.4.1.3 Impacts from Vessels and In-Water Devices Under the No Action Alternative

Impacts from Vessels and In-Water Devices Under the No Action Alternative for Training
and Testing Activities

Under theNo ActionAlternative, the Navy would not conduthe proposed training and testing

activities in the HSTT Study Ar®arious physical disturbance and striteessors (e.g., vessels and
in-water devices) would not be introduced into the marine environmdimerefore, baseline conditions

of the existing environment would either remain unchanged or would improve slightly after cessation of
ongoing training and testing activities.

3.4.3.4.2 Impacts from Aircraft and Aerial Targets

Impacts from aircraft and aerial targets are not applicable becawm@neinvertebratesdo not occur in
airborne environments and will not be analyzed further in this section. Refer to S&c#ich4.3
(Impacts from Militay Expended Material$pr potential disturbance fronfragments ofaircraft and
aerial targets

3.4.3.4.3 Impacts from Military Expended Materials

This section analyzes the strike potent@marineinvertebratesfrom the following categories of
military expended materialg1) all sizes of neexplosive practice munitions, (2) fragments from high
explosive munitions, (3xpendable targets and target fragments, and (4) expended materials other
than munitions, such asonobuoys, expended bathythermographs, and torpedo accessories. For a
discussion of the types of activities that use military expended materials, refer to Appendix B (Activity
Stressor Matrices). For a discussion on where they are used and how manyesxexmisd occur under
each alternative, seAppendix FNlilitary Expended Material and Direct Strike Impact Aredyand
Section 3.0.3.3.4.2 (Military Expended Materiadg)alysis of all potential impacts military expended
materials(disturbance, strii, shading, and abrasidon invertebrates, includingSAlisted black
abaloneand white abalongis included in this sectiofotential impacts of military expended materials
resulting from entanglement and ingestion are discussed in Se8thB.5(Entanglement Stressors) and
Section3.4.3.6(Ingestion Stressors).

Military expended materials are deposited throughout the Study Arkavever, the majority of military
expended materials are deposited within established range complexes and testing.réhgss seas

of higher military expended aterials deposition are generally located away from the coastline on the
continental shelf and slopand beyond (e.g., abyssal plaiRhysical disturbance or strikes by military
expended materials on marine invertebrates is possible at the @genface, through the water

column, andon the bottom. However, disturbance or strike impacts on marine invertebrates by military
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expended materials falling through the water column are not very likely because military expended
materials do not generallsink rapidly enough to cause strike injury. Exposed invertebrates would likely
experience only temporary displacement as the object passes by. Therefore, the discussion of military
expended materials disturbance and strikes will focus on items at the ®aterface and on the

bottom.

Potertial impacts orinvertebrates generally consist of physical trauma, stress or behavioral responses,
abrasion, and shading. Military expended materials may injure or kill invertebrates by directly striking
individuals, casing breakage (particularly for species with exoskeletons or that build structures),
crushing, or other physical trauma. Direct strike may result from the initial impact, or may occur after
items fall through the water column and settle onto invertebratesare moved along the bottom by

water currents or gravity. Expended items may also bury or smother organisms although, depending on
the size of the expended item relative to the animal, some mobile invertebrates may be able to move or
dig out from undereath an item. In addition to physical strike, military expended materials may disturb
individuals and cause them to change locations, behaviors, or activities. Disturbance could therefore
result in impacts such as briefly increased energy expenditureedsed feeding, and increased
susceptibility to predation. Expended items could also cause increadeidityrthat could affect
filter-feeding species, although such impacts are likely to be localized and temporary. Expended items
that come to rest on or @ar corals could cause abrasion or shadinghe case of corals that host

symbiotic algaedhat reduces photosynthesis in the algae, although these effects are unlikely based on
the mitigationmeasures in place for shallewater coral reefs where symbiistalgae are present.

Abrasion refers to scraping or wearing down of a supporting structure or hard body partéead.,

skeleton, shell) through repeated impamt the same individual or structure. Abrasion would generally

be associated with military @ended materials such as flexible materials (e.g., wires or cords) that
become fixed in a location for some time but that are moved repeatedly over sessile invertebrates by
water currents.

Military expended materials that impact the water surface coulédiy strike zooplankton, the

gametes, embryos, and larvae of various invertebrate species (includinisie8aAbalone specigsand

a small number of adult invertebrates (e.g., squid, jellyfish, swimming crabs). Howereyr,

zooplankton and squid arebaent from the surface water column during the day when most training

and testing activitiegccur. Inert military expended materials also have the potential to impact the

water and produce a large impulse which could disturb nearby invertebrates. Pdtiempiacts on
invertebrates resulting from impulsive sound and shock waves are discussed in SetBoh(Acoustic
Stressors) and Secti@¥4.3.2(Explosive Stressors). In addition to direct strike of invertebrates and
production of impulsive sound, surface water impacts could afibgsical properties of the
surroundingwater (e.g., slight heating or increased dissolved gas concentrations due to turbulent mixing
with the atmosphere), potentially affecting the suitability of the affected water mass as habitat for some
invertebrate speies However, fhysicalchanges tdhe water columnwould belocalizedand temporary,
persisting foronly a few minutes.

Compared to surface waters and offshore areas, a greater number of macroinvertebrates typically
occurs on the bottom and closer to stoBenthic invertebrate taxa, including sponges, cnidarians,
worms, bryozoans, molluscs, arthropods, and echinodemay occur in areas affected by military
expended materialsHowever, some of the most sensitive benthic species (e.g., corals) are kedye li
to occur on hard bottom, reefs, and other hard substra@mllowwater coralreefsare protectedby
mitigation measure$rom most activities that generate military expended materials. Military expended
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materials that impact the bottom may affect iextebrates by strike (including injury or mortality),
disturbance, burial, abrasion, or shading within the footprint of the item (the area of substrate physically
covered by the item). Military expended materials may also cause physiological or behaact@ins

to individual invertebrates outside the footprint of the items. After items come to rest on the bottom,
continued impacts are possible if the items are mobilized by currents or waves and damage benthic
invertebrates as they move. Turbidity mag@bccur as water flows around deposited items. However,
these impacts would generally cease when the military expended materials are incorporated into the
seafloor by natural encrustation or burial processasbecome otherwise immobilized

Sessile mar@invertebrates and infauna (organisms attached to bloé&om or living in the sediments)

are generally more susceptible to military expended material disturbance and strike than benthic
species with the ability to move relatively quickly over the bott@ome susceptible speciésg.,

hydroids, sponges, soft coralsve fragile structures and sensitive body parts that could be damaged or
covered by military expended materials. Military expended materials could also break hard structures
such as coral sketons and mussel beds. Shalloand deepwater corals that build complex or fragile
structures could be particularly susceptible to breakage or abrasion. Such structures are resistant to
physical forces typical of ambient conditions (evgater currents) but not as resilient to other types of
physical disturbance involving greater force. Decelerators/parachutesd be unlikelyto be carried by
currents onto reef structuredue to the typical offshore locations of use and the sink rate of the items
Expended items may provide new colonization sites for benthic inverteb@esearcherfound that
military expended materials in a bombing range became covered by sedentary reef invertebrates over
time (Smith & Marx, 2016 However, invertebrate species composition on artificial substrates may
differ from that of the surrounding natural community.

Potential impactson shallowwater corals, invertebrates associated with hard bottom habitat, or deep
water corals present the greatest risk of letgrm damage compared with othdrottom communities
because: (1) many corals and hard bottom invertebrates are sessile, fragile, and particularly vulnerable;
(2) many of these organisms grow slowly and could ireqdecades to recover; and (3) military

expended materials are likely to remain exposed on hard bottom communities whereas shifting
sediment patterns would tend to bury military expended materials in soft bottom communities. The
probability of striking dep-water corals or invertebrates located on hard bottom habitat is low, given
their low percent cover on suitable habitat (see Section 3.5.2.1.2, Bottom Habitats, for a discussion of
hard bottom habitaj}.

A few investigations have been conducted to detarethe presence and, in some cases, possible
impacts of military expended materials on the bottoithe results of mukyear underwater surveys at a
military bombing range in the Mariana Archipelago (Pacific Ocean) provide an example of potential
impactsresulting from expended munitiongVater areas were not targeted at this range; bottom

impacts occurred only when the target land mass was missed or the munition bounced off the land into
the water.The surveys found no overall lotgrm adverse impacten corals or other invertebrates due

to expended items, despite several decades of (rith & Marx, 2016)Numerous intact bombs and
fragments were observed on the bottarimert 5001b. bombswere found to disturb a bottom area of

17 m? each,although specific damage to invertebrates, if any, was not describathyl bepresumed

that invertebrates within this footprintould have beelkilled, injured, damaged, or displaced.

Expended items, once settled in place, appeared to become encrusted with marine growth and pose no
substantial longerm threat to invertebrates. The condition of corals indicated a healthy environment,
with no appaent change in species composition, distribution, size, or stress indicators. However, the
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results of several other studies indicate that sessile invertebrate communities growing on artificial
substratesuch as the expended munitioase often different tha those growing on natural substrate
(Burt et al., 2009; Macreadie et al., 2011; Peiikinlkel et al., 2006; Steimle & Zetlin, 2000jemotely
operated vehicle survey of deep portions of the Jacksonville Range Complex reported only two exposed
items ofmilitary expended materials in about 37,800 m of survey line distgbc8. Department of the
Navy, 2010, 2011However, it is important to note thahe survey was not designed to document
military expaended materialsand these were only the items photographed using still frame®ther
extensive remotely operated vehicle survey along the continental shelf break and canyons in the
northeast and midAtlantic region found marine debris in 81 percent ofiuidual dives, but the items

did not include any visible military expended materi@siattrini et al., 2015)Underwater sirveys of
bottom areas off the Gulf coast of Florida with a presumably high potential for military expended
materials (based on reported obstructions by fishermen) found no items of military origin, suggesting
that expended materials may be widely distribd or may become covered by sedimef(itsS.
Department of the Navy, 2013dh a deepsea trawl survey of the northern Gulf of Mexico, items of
military origin were found (artillery shells and a missile), but were antbadeastfrequently

encountered types of debri@Vei et al., 2012)

Military Expended Materials Munitions

Military expended materials that are munitions and associated with traiastiyities include small

medium, and largecaliber projectiles, bombs, missiles, rockets, and grenades. Fragments of exploded
munitions are also included because they can result in impacts on invertebrates that are sintitzseo
associated witlsmalkr intact munitions. Military expended materials associated with testing activities
are the same except that there are no grenades. Navy training and testiivifiesin the Study Area

include firing a variety of weapons and using a variety ofexplogve training and testing rounds,
including small mediunt, and largecaliber projectiles. Largealiber projectiles are primarily used in

the open ocean beyond 20M from shore.Directstrike from lbmbs, missiles, and rockets would result

in types of impats similar to those of projectiles. However, they are larger than most projectiles and are
likely to produce a greater number of fragments. Bombs, missiles, and rockets are designed to explode
within about3 ft. of the sea surfaceyhere marine invertebries larger than zooplankton are
relativelyinfrequent.

Military Expended Materials Other Than Munitions

Military expended materials other than munitions associated with traiming testingactivities include

a large number of items such as aerial counteasures, targets (surface and aerial), mine shapes, ship
hulk, deceleratorgparachutes, acoustic countermeasures, sonobuoys, and other matesiedk as

torpedo accessories, concrete sluggrinemarkers, bathythermographs, endcapsd pistons. Some
expended materialaused during training and testing activitigacludingsome types oforpedoesand
targets,non-explosivemine shapes, and bottorplaced instrumentsare recovered

Chaff, which consists of alumindooated glass fibers, may be transporigebat distances by the wind,
beyond the areas where they are deploybéfore contacting the sea surface. These materials contact
the sea surface anlottom with very little kinetic energy, and their low buoyant weight makes them an
inconsequential strikand abrasion risk. Therefore, chaff is not considered to be a potential strike and
disturbance stressor.

During a sinking exercise, aircraft, ship, and submarine crews deliver munitions on a surface target,
which is a clean, deactivated ship that is daldiely sunk using multiple weapon systems. Sinking
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exercises occur in specific open ocean areas, outside of the coastal range conttbidforming
invertebrates are likely absent where sinking exercises are planned because the activity occuresn dept
greater than the range for shallewater and manydeep-water coralspecies (approximately 3,000)m

and away from typical locations for hydrothermal vent or cold seep communities (e.g., Seamounts)
(Cairns, 2007)t is unlikely that deepea hard coralerould be impacted by a sinking ship hulk or
fragments of a hulk due to theliack of occurrence below depths of about 3,000the (depth of the
aragonite saturatiooundary; see Sectid®4.2.1.1 Habitat Use)

Deceleratorfparachutes of varying sizes are used during training and testing actaittemay be
deployed from aircraft or vesselSimilar to other marine debris such as derelict fishing gear,
deceleratorsparachutes may kill or injureessile benthic invertebratafue tocoveringshadingor
abrasion Activities that expend sonobuoy anit-launched torpedaleceleratorsparachutes generally
occur inrelatively deepwvater away from the shoreBecause they are in the air and water column for a
time span of minutes, it is improbable thatlaceleratorparachute deployed over deegater could
travel far enough to affect shallowater species (e.g., shallewater corals)Decelerators/parachutes
expended over deep offshore areamy impactdeepwater invertebrates(particularly sessile species)
by disturbance, strikes, burial, smothering, ora&ion. For example,deceleratorparachute could
cover a sponger deepwater coralandimpairfeeding.

3.4.3.4.3.1 Impacts from Military Expended Materials Under Alternative 1

Impacts from Military Expended Materials Under Alternative 1 for Training Activities

As irdicated inAppendix FNlilitary Expended Material and Direct Strike Impact Aredysinder
Alternative 1, military expended materials woudcur throughout the Study Area, although relatively
few items would be expended in the HSTT Transit Cotridwr majority of military expended materials
would occur within theSouthern CaliforniangeComplex.

Military expended materials (munitions and items other than munitions) have the potential to impact
invertebrates at the water surface and on the bottohrdughout the Study Area. Akescribed in detail

in Sectior3.4.3.4.3(Impacts from Military Expended Materigl#npacts may include injury or ntafity

due to direct strike or burial, disturbance, and indirect effects such as increased turbitktyotential

for direct strikes of pelagic zooplankton and squid at the surface would be minimized by their decreased
occurrence in surface waters duritfie daywhentraining activities typically occur

Proportionalimpactanalysisdetermined thatthe totalbottom area affected by all military expended
materials in all training areasould beabout145aaesannually ranging from less thah age to about
120.5aaesin specific range complexes asdbstrate typesThis representsiuchless tharl percent of
available bottom habitat in any range compléx.addition to expended items, recovered materials

would temporaily disturb approximately0 acresof bottom habitat in all training areas combinethe
substrate types and associated invertebrate assemblages withipdtentially disturbed areaare

difficult to predict, as discussed in AppendivHitary Expended Material and Direct Strike lagp
Analy®s). Activities conducted throughout the Study Area have the potential to irhpacd bottom
communitiesas well as invertebrates within all other habitat typéstivities occurring at depths of less
than about 3,000 m may impact de@yater cords. Consequences could include damage, injury, or
mortality as a result of projectiles, munitions, or other items. Decelerators/parachutes, wires, and cables
could also impact benthic communities if they are mobilized by water currents, although it is expected
that most such materials would become buried, encrusted, or otherwise immobilized over time and
would not continue to impact individual invertebrates or invertebrate assemblages. Impacts would be
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most pronounced if all the materials expended within thekgable depth range were deposited on
areas of hard substrate supporting letiged, sessile organisms such as deeger corals, because it
may be assumed that many of the benthic invertebrates present irintipact area footprintvould be
killed, injured, displaced, or disturbed by the expended materibdsaddition, some previously
undisturbed bottom area would be affected by activities in subsequent y€ansversely, impacts

would be less if the materials were deposited on $afttom areas containig invertebrate communities
that recover relatively quickly from disturbance. Although hard substrate potentially supporting deep
water corals and other invertebrate communities is present in at least some areas in water depths less
than 3,000 m, a scenaraf all expended materials being deposited on such substrate is unrealistic.
Deepwater stony corals are relatively rare in the Hawaiian Archipelago region, and most species are
solitary.Hard and mixed bottom types, which support the occurrence of deefer corals other than

sea pens, are relatively rare off the U.S. west coast, accounting for about 10 percent of the substrate
from the shelf to depths of 3,000 (Clarke et al., 2015These habitat types are often associated with
seamounts, banks, and canyqgparticularly banks in the Channel Islands regiBa¥ed on the results

of limited investigation, a low percentage of available hard substrate may be inhabited bywdeep
corals or other invertebratespeciegHarter et al., 2009; U.S. Department of the Navy, 2013

expected that most of the bottom type affected would be saifibstrate (Appendix Military Expended
Material and Direct Strike Impact Anadgs Therefore, although it is possible for a portion of expended
items to impact hard substrate and associated sensitive invertebrate communities, the number of
exposed indiiduals would not likely affect the overall viability of populations or spevi#sle the

potential for overlap between Navy actiwiés and invertebrates is reduced for thaggeciediving in rare
habitats, if overlap does occuany potential impacts wald be amplified for those invertebrate species
or taxa with limited spatial extenWith the exception of abalones and some shallwater corals,

detailed distribution and habitat utilization information sufficient to support spesiescific analysis is
generally unavailable.

The impact of military expended materials on marine invertebrates is likely to cause injury or mortality
to individualsof soft-bodiedspecieghat are smaller than the military expended materiadeoplankton
couldtherefore be impacted by most military expended materidiapactson populations wouldikely

be inconsequential becauske number of individuals affected would be small relative to known
population sizeshe area exposed to the stressor is extremely small nedatid the area of both suitable
and occupied habitats, the activities are dispersed such that few individigaill likelybe exposed to

more than one event, and exposures would be localized and would cease when the military expended
material becomes paif the bottom (e.g., buried or encrusted with sessile organisms). However, as
discussed previously, research has shown that sedentary/sessile invertebrate communities growing on
artificial substrate are often different than those found on natural subssatectivities involving

military expended materials are not expected to yiattd/ behavioral changes or lasting effects on the
survival, growth, recruitment, or reproduction of invertebrate species at the population level.

Potentially impacted invertebrateinclude the ESKsted black abalone and white abalone. Black
abalone and white abalone occur in discreet portions of$leaithern Californi&angeComplex (Section
3.4.2.2.1 Black AbalonfHaliotis cracherodij and Sectior3.4.2.2.2 White AbalondHaliotis sorensefj.
Training activitiesnvolving military expended materials within these areas could, therefore, intpaAt
protected abalone by diredtrike.

As discussed in Section 5.4.1 (Mitigation Areas for Seafloor Resources), the Navy will implement
mitigation to avoid impacts from nii&ry expended materials on seafloor resources in mitigation areas
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throughout the Study Area. For example, the Navy will not conduct gunnery activities within a specified
distance of shallowwater coral reefs and precious coral beds. The mitigation wilbequently also help
avoid potential impacts on invertebrates that inhabit these areas, including several areas inhabited by
white abalone and black abalone.

In general, he Navy does not conduct training activities that use military expended mateshhitow
water, rocky areagvhere ESAisted black abalones and white abalones typically oddaterials are
primarily expended far from shore, in the open oce8nome military expended materials may be
expended in the nearshore waters of San Clementadstaine warfare areas such as Tanner Bank and
Cortes Bankand explosive ordnance disposal training are&gre they could sink to theottom and

have localized impacts dnvertebratessurrounding the islandviilitary expended materials would
generallynot be expected to affect black abalone because of the limited amouit¢imis that would be
expended in water depths less than 20Iftis conceivable for an item expended offshore to drift
shoreward and reach water depths associated with black abaloogrenceand designated critical
habitat. It would bepossiblefor military expended materials to fall in offshore waters known to support
white abalone, such aSortes andranner Bank These bankappear to beémportant habitat for white
abalones, anarelativelylarge population occurs at Tanner BgBlutler et al., 2006)The probability

that military expended materials would fall into specific cracks or crevicespied by white abalones is
low. The potential to impact white abalonesfigther decreased by théow abalonepopulation density
and the widdy disperseduse of expendable materials. The majority of military expended material in
nearshore and offshorevaters surrounding Tanner Bank is chaff and flares, which have a small potential
for impacts.

Even thoughmpactson abalone species woulde minimized due to avoidance of some seafloor
resources, based on the preceding discusdiogre is some potentidor abalone species to be exposed.
Pursuant to the ESA, the use of military expended materials dtraimgng activities as described under
Alternative 1may affect ES#isted abalone specieandblackabalone critical habitaiThe Navyhas
consultedwith NMFSas required byection {a)(2) of the ESA

Impacts from Military Expended Materials Under Alternative 1 for Testing Activities

As indicated in Appendix Military Expended Material and Direct Strike Impact Aredysinder
Alternative 1, military pended materialsvould occurin the Hawaii Range Complexd Southern
CaliforniaRangeComplex.

Military expended materials (munitions and items other than munitions) have the potential to impact
invertebrates at the water surface and on the bottom throughout the Study Area. As described in detail
in Sectior.4.3.4.3(Impacts from Military Expended Materials), impacts may include injury or mortality
due to direct strike or burial, disturbance, and indirect effects such as increased turbitktyotential

for direct strikes of pelagic zooplankton and squid at the surface would be minimized by their decreased
occurrence in surface waters during the day.

Proportionalimpactanalysisdetermined thatthe total bottom area affected by all militagxpended

materials in all testing areas would be abdtacresannually This represents much less thapercent

of available bottom habitat in any range compléxaddition to expended items, recovered materials

would temporarily disturb an additionaimall amount of bottom habitaabout 10 acres alltesting

areas combined. The substrate types and associated invertebrate assemblages within the disturbed area
is difficult to predict, as discussed in Appendi¥MHitary Expended Material and DireStrike Impact

Analy®s). Activities occurring at depths of less than about 3,000 m may impactaeaggy corals.

3.476
3.4 Invertebrates



HawairSouthern California
Training and Testing Final EIS/OEIS October 2018

However, activities conducted in relatively deep water throughout the Study Area have the potential to
impact hard bottom communities, includirdeepwater corals, as well as invertebrates within all other
habitat types. Consequences could include damage, injury, or mortality as a result of projectiles,
munitions, or other items. Decelerators/parachutes, wires, and cables could also impactdenthi
communities if thatemsare movedby water currents, although it is expected that most such materials
would become buried, encrusted, or otherwise immobilized over time and would not continue to impact
individual invertebrates or invertebrate assemblagampacts would be most pronounced if all the
materials expended within the applicable depth range were deposited on ardesdsubstrate

supporting londived, sessile organisms such as deger corals, because it may be assumed that
many of the benthic invertebrates present in the affected areas would be killed, injured, displaced, or
disturbed by the expended materials. addition, some previously uisiurbed bottom area would be
affected by activities in subsequent yea@anversely, impacts would be less if the materials were
deposited on sofbottom areas containing invertebrate communities that recover relatively quickly

from disturbance. Althoughard substrate potentially supporting deepater corals and other

invertebrate communities is present in at least some areas in water depths less than 3,000 m, a scenario
of all expended materials being deposited on such substrate is unredlis@water stony corals are
relatively rare in the Hawaiian Archipelago region, and most species are sdfitad/and mixed bottom
types, which support the occurrence of deejfater corals other than sea pens, are relatively rare off the
U.S. west coast, accoungjrior about 10 percent of the substrate from the shelf to depths of 3,000 m
(Clarke et al., 2015Yhese habitat types are often associated with seamounts, banks, and canyons.
Based on the results of limited investigation, a low percentage of this available hard substrate may be
inhabited by deepwater corals o other invertebrate specie@J).S. Department of the Navy, 201Q)is
expected that most of the bottom typeffected would be soft substrate (AppendixNfijitary Expended
Material and Direct Strike Impact Anadgs Therefore, although it is possible for a portion of expended
items to impact hard substrate and associated sensitive invertebrate communitiesythiean of

exposed individuals would not likely affect the overall viability of populations or species.

The impact of military expended materials on marine invertebrates is likely to cause injury or mortality
to individuals, particularly sotbodied organisra that are smaller than the military expended materials.
Zooplankton could therefore be impacted by most military expended materials. Impagispulations
would likely be inconsequential because the number of individuals affected would be small redative
known population sizes, the area exposed to the stressor is extremely small relative to the area of both
suitable and occupied habitats, the activities are dispersed such that few individuals would likely be
exposed to more than one event, and exposunerild be localized and would cease when the military
expended material becomes part of the bottom (e.g., buried or encrusted with sessile organisms).
However, as discussed previously, research has shown that sedentary/sessile invertebrate communities
growing on artificial substrate are often different than those found on natural substrates. Activities
involving military expended materials are not expected to yaalg behavioral changes or lasting effects
on the survival, growth, recruitment, or reproduati of invertebrate species at the population level.

As discussed in Section 5.4.1 (Mitigation Areas for Seafloor Resources), the Navy will implement
mitigation to avoid impacts from military expended materials on seafloor resources in mitigation areas
throughout the Study Area. For example, the Navy will not condeittin activities on live hard

bottom. The mitigation will consequently also help avoid potential impacts on invertebrates that inhabit
these areaspotentiallyincluding areas inhabited by whiabalone and black abalone.
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In general, he Navy does not condutdstingactivities that use military expended materialshallow

water, rocky areagvhere ESAisted black abalones and white abalones typically oddaterials are

primarily expended fafrom shore, in the open oceaBome military expended materials may be

expended in the nearshore waters of San Clemente Island and mine warfare areas such as Tanner Bank
and Cortes Bank, where they could sink to the bottom and have localized impactseotebrates

surrounding the island. Military expended materials would generally not be expected to diffeESA

listed black abalone because of the limited amount of items that would be expended in water depths

less than 20 ft. It is conceivablor anitem expended offshoréo drift shoreward and reach water

depths associated with black abalone occurrence and designated critical habitat. It would be possible for
military expended materials to fall in offshore waters known to support white abalone,asi€lortes

and Tanner Banks. These banks appear to be important habitat for white abalonestedativalylarge
population occurs at Tanner Ba(Butler et al., 206). The probability that military expended materials

would fall into specific cracks or crevices occupied by white abalones i$hewotential to impact

white abalones ifurther decreased by the low abalone population density and the widely disparse

of expendable materials. The majority of military expended material in nearshore and offshore waters
surrounding Tanner Bank is chaff and flares, which have a small potential for impacts.

Even though impactsn abalone species will be minimized dieemitigation measures, based on the
preceding discussion, there is some potential for abalone species to be expagedant to the ESA,
the use of military expended materials duritagtingactivities as described under Alternativenhy
affect ESAisted abalone specieand black abalone critical habitdthe Navyhas consulteavith NMFS,
as required byection {a)(2) of the ESA

3.4.3.4.3.2 Impacts from Military Expended Materials Under Alternative 2

Impacts from Military Expended Materials Under Alternative 2 for Training Activities

The locations of training activities using military expendable materials would be the same under
Alternatives 1 and ZT'he total area affected for all training activities combined wantteaseby about
15aaes(to 1605 acres)annuallyunder Alternative 2, and therefore the potential impacts would be
similarbetween the two alternativesRefer to Sectio3.4.3.4.3.1(Impacts fromMilitary Expended
MaterialsUnder Alternative )for a discussion of impacts on invertebrates.

As discussed in Secti@m.3.4.3.1(Impacts from Military Expended Materials Under Alternativetis,

Navy will implement mitigation to avoid impacts from military expended materials on seafloor resources
in mitigation areaghroughout the Study Area. For example, the Navy will not conduct gunnery activities
within a specified distance of shallemater coral reefs and precious coral beds. The mitigation will
consequently also help avoid potential impacts on invertebratesititebit these areas, including

several areas inhabited by white abalone and black abalone

Even though impactsn abalone species would be minimized due to avoidance of some seafloor
resources, there is some potential for abalone species to be expBaezliant to the ESA, the use of
military expended materials durirtgainingactivities as described under Alternative 2 may affect-ESA
listed abalone specieendblackabalone critical habitat

Impacts from Military Expended Materials Under Alternative 2 for Testing Activities

The locations of testing activities using military expendable materials would be the same under
Alternatives 1 and ZT'he total area affected for all testing activities combined would increasdbyt
13aaes(to 51 acrespnnuallyunder Alternative 2 and therefore the potential impacts would lsemilar
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between the two alternativesRefer to Sectio.4.3.4.3.1(Impacts fromMilitary Expended Materials
Under Alternativel) for a discussion of impacts on invertebrates.

As discussed in Secti@m.3.4.3.1(Impacts from Military Expended Materials Under Alternativetis,

Navy will implement mitigation to avoid impacts from military expended materials on seafloor resources
in mitigation areas ttoughout the Study Area. For example, the Navy will not condextain activities

on live hard bottom The mitigation will consequently also help avoid potential impacts on invertebrates
that inhabit these areagqotentiallyincluding areas inhabited byhite abalone and black abalone

Even though impactsn abalone species would be minimized due to avoidance of some seafloor
resources, there is some potential for abalone species to be expBaezliant to the ESA, the use of
military expended materials durirtgstingactivities as described under Alternative 2 may affect-ESA
listed abalone specieendblackabalone critical habitat

3.4.3.4.3.3 Impacts from Military Expended Materials Under the No Action Alternative

Impacts from Military Expended Materials Under the No Action Alternative for Training
and Testing Activities

Under theNo ActionAlternative, the Navy would not conduct the proposed training and testing
activities in the HSTT Sty AreaVarious physical disturbance and strike stressors (e.g., military
expended materials) would not be introduced into the marine environmé&herefore, baseline
conditions of the existing environment would either remain unchanged or would imprmrelglafter
cessation of ongoing training and testing activities.

3.4.3.4.4 Impacts from Seafloor Devices

For a discussion of the types of activities that use seafloor devices, where they are used, and how many
activities would occur under each alternative, gggpendix B (Activity Stressor MatriceSeafloor

devices include items that are placed on, dropped on, or moved along the substrate for a specific
purpose, and includenine shapes, anchor blocks, anchors, bottplaced instruments, bottontrawling
unmanned mderwater vehicles, and bottom placed targets that are recovered (not expended).
Placement odeployment of seafloor devices would cause disturbance, injury, or mortality to marine
invertebrates within the footprint of the devic&hese items could poteraily break hard substrate and
associated biogenic habitats (e.g., hard coral skeletons). Objects placed loottibim may attract
invertebrates, or provide temporary attachment points for invertebrates. Some invertebrates attached
to the devices would beemoved from the water when the devices are recovered. A shallow depression
may remain for some time in the soft bottom sediment where an anchor was dropedntially

altering the suitability of the affected substrate for benthic invertebrates tempgr§pibssibly months)

Seafloor devices may also disturb marine invertebrates outside the footprint of the device, and would
cause temporarypossibly hours to day#cal increases in turbidity and sedimentation near the

bottom, along with some changes in scouring/deposition patterns in higher current areas with soft
bottom. Sedimentation can smother sessile invertebrates, while turbidity may affect respiratorysorgan
or impair the ability of filteffeeding invertebrates to obtain food (e.g., by clogging their feeding
structures or diluting the amount of food in the surrounding volume of watdowever, the brief
episodes of minor turbidity associatevith Navy seaflor devices would becalized and the effects do
not change the substrate typ€ompared to overall populations, relatively few individuals would be
affected.
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Precision anchoring, and the associated potential impacts, is qualitatively different thansetféyor
devices because the activity involves repeated disturbance to the safhibottomareas. Precision
anchoring may result itemporaryand localized disturbances to water column dudtom habitats.For
example, an anchor may shift due to changiogrents or vessel movement and the mooring chain may
drag across the bottom, causing abrasion and impantsenthic specieg¢Davis et al., 2016Anchor
impacton the bottom would likely crush a small number of benthic invertebrat&sttom disturbance
would result in localized sedimentation and turbidity, which could smother invertebrates or affect
respiration orfeeding. Turbidity would quickly dissipate (i.e., minutes to hours) following the exgercise
and many soft bottoninvertebrates are burrowing organismisat would be unaffected by shallow

burial. Although precision anchoring occurs in sbftitom areaswhere invertebrate populatnsare
generally resilient to disturbance, invertebrates in designated anchorage areas may be prevented from
fully recovering due to lonterm use, and benthic composition may be changed compared to hiatoric
conditions.

3.4.3.4.4.1 Impacts from Seafloor Devices Under Alternative 1

Impacts from Seafloor Devices Under Alternative 1 for Training Activities

As indicated in Section 3.0.3.34Seafloor Devices), under Alternative 1, seafloor dewicadd occur
in the Hawaii Range Compland Southern CaliforniRangeComplex

Seafloor devices are either stationary or move very slowly along the bottom anditlesthreat to

highly mobile organisms such as crabs and shrimiih the exception of individuals that might be struck
as an iem settles on the bottomSessile or less mobitenthicorganisms such as sponges, sea snails,
and echinoderms would be more likely to be impacted. As discussed above in Settdd.4Impacts
from Seafloor Devicesimpacts may include injury or mortality due to direct strike, disturbance,
smothering, andmpairment of respiration or filtefeeding due tdncreased sedimentation and
turbidity. Impactson invertebrates resulting from movement of the devices through the water column
before they contact the bottom would likely consist of only temporary displacement as the object
passes hy.

Although intentional placement of seafloor devices on baottstructure is avoided,civities occurring

at depths less thaabout 3,000m mayinadvertentlyimpactdeepwater coralsother invertebrates
associated withhard bottom and other marine invertebrate assemblageé®wever, most activities
involving seafior devices (e.g., anchors for mine shapes, light salvage targets) are typically conducted in
nearshoreareasfar from deepsea corals. Most seafloor devices are operated in the nearshore
environment on bottom habitats suitable for deployment and retriefgag., soft or intermediate

bottom). Consequencesf strikescould include damage, injury, or mortality for each device, mooring, or
anchor.Hard substrate potentially supporting deeyater corals and other invertebrate communities is
present on the contiental shelf break and slope. A low percentage of deep substrate on the continental
shelf is suitable for hard bottom communities. Based on the results of lirmtexstigation a low

percentage of available hard substrate may be inhabited by daegter caals or other invertebrate
specieqHarter et al., 2009; U.S. Department of the Navy, 204lfhough the percentage of coverage

may be highem some areassuch as undersea banks associated with the Channel IslEinesiumber

of organismsaffectedis not expected toresult in impact®n the viability ofinvertebratepopulations.

Salvage operations under Alternative 1 would occur three times per year in Puuloa Underwater Range,
Naval Defensive Sea Area, Keehi Lagoon, or training areas in Pearl Haeb8uulodJnderwater
Range and Naval Defensive Sea Area are located at the entrance to Pearl Harbor, and Keehi Lagoon is
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adjacent to Joint Base Pearl Harl#tickam Salvagergining activitieghat would result in contact with

the bottom includeremoving sunkewesses or aircraftfrom the seaflooand conducting ocean

recovery activitiesThe infrastructure to keep sunken items in place for these activities was installed in
2009 and would not need to be installed agé&alvage operations typically occur in areas thaehav
been previously disturbedPotential impact®n marine invertebrates would be limited the area

directly below the vessel, but this areauld experience repeated impacts from raising and lowering
itemsduring each training activity.

During precision@choring, impact of the anchor on the bottom would likely crush a relatively small
number of benthic invertebrates. Effects associated with turbidity and sedimentation would be
temporary and localized. Precision anchoring would ocauiltiple times per yeain the same general
location. Therefore, although invertebrates in soft bottom areas are generally resilient to disturbance,
community composition may be chronically disturbed at anchoring sites that are used repeatedly.
However, the impact is likely foe inconsequential and not detectable at the population level for
species occurring in the region near the anchoring locations.

In summary, lhe impact of seafloor devices omostly soft bottominvertebrates is likely to cause injury

or mortality tosomeindividuals, but impacten populations would be inconsequential because the area
exposed to the stressor is extremely small relativéhie area of both suitable and occupied habitats
andthe activities arggenerallydispersed such that few individuaisuld likelybe exposed to more than
one event(although seafloor device use is concentrated in some areasasiahchorages and mine
ranges)In addition,exposures would be localizeshd temporary and the organisms most frequently
impacted would be bupwing soft bottom invertebrates that are relatively resilient to localized
sediment disturbanceActivities involving seafloor devices are not expected to wnjdbehavioral
changes or lasting effects on the survival, growth, recruitment, or reproductionvertebrate species

at the population level.

The Navy will implement mitigation that includes not conducting precision anchoring (except in
designated anchorages) within the anchor swing circle of shallater coral reefs, precious coral beds,

live hard bottom, artificial reefs, and shipwrecks to avoid potential impacts from seafloor devices on
seafloor resources in mitigation areas throughout the Study Area (see Section 5.4.1, Mitigation Areas for
Seafloor Resources). This mitigation will conseqglyemlp avoid potential impacts on invertebrates that
inhabit these areas, including several areas inhabiteE®flisted abalonespecies

Potential impacts from seafloor deeis onESAistedabalonespeciesandabalone habitat would be
discountable. Nay practice is to placseafloordevices on soft bottom areas. Furthermore, most black
abalone rocky habitat is too shallow to meet training requirements that would use seafloor devices.
Some shallow water seafloor devices are used by the Navy alor@@gifarnia coast at Silver Strand but
only at designated sandy, soft bottom areas not associated with black abalone hblaitgt activities
would not overlap wittdesignatedblack abaloneritical habitat and critical habitat has not been
designated for whie abalone under the ESRursuant to the ESA, the use of seafloor devices during
trainingactivities as described under Alternative 1 would have no effect oAiEBA abalone species
critical habitat.

Impacts from Seafloor Devices Under Alternative 1 for Testing Activities

As indicated in Section 3.0.3.34Seafloor Devices), under Alternativelie use ofseafloor devices
wouldoccur in theHawaii Range Complexd Southern Californi&angeComplex.
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Seafloor devices are either statiary or move very slowly along the bottom and pose little threat to

highly mobile organisms such as crabs and shrimp, with the exception of individuals that might be struck
as adevicesettles on the bottom. Sessile or less mobile benthic organisms siggoages, sea snails,

and echinoderms would be more likely to be impacted. As discussed in SéetiBr.4(Impacts from
Seafloor Devices), impacinay include injury or mortality due to direct strike, disturbance, smothering,
and impairment of respiration or filteieeding due to increased sedimentation and turbidity. Impacts
invertebrates resulting from movement of the devices through the watdumn before they contact

the bottom would likely consist of only temporary displacement as the object passes by.

In testingareaswhere bottom-crawling unmanned underwater vehicles are useenthic organisms
would be exposed to strike and disturbancethe relatively small area transited kye vehicles
Potential consequences of a strike by bottemawling unmanned underwater vehicles would be
dependent upon the type of benthic invertebrate encounterédpacts would consist primarily of
disturbanceburrowinginvertebratesare unlikely to benjured or killedas a result opressure exerted
by bottom-crawling vehiclesThe largest unmanned underwater vehicle weigh#98ut of the water
and has a footprint of 4.8quare feet Assuming, worst casthat the unmanned underwater vehidie
buoyant weight is 9., it exerts a pressure of only 0.188 per square inch. Few benthic marine
invertebrates would be injured kihis pressurdevel particularly over soft sediments which would
compress undertte invertebrate and relieve some of the pressure being exerted by the crawler.

Although intentional placement of seafloor deviceshard substratds avoided, ativities occurring at
depths less thambout 3,000m mayinadvertentlyimpactdeepwater coras, other invertebrates
associated withive hard bottom, andother marine invertebrate assemblagé$owever, most activities
involving seafloor devices (e.g., anchors for mine shapes, bottom crawlers) are typically conducted in
the nearshore ocean far fromkeep-sea corals. Most seafloor devices are operated in the nearshore
environment away from shallowvater coras and on bottom habitats suitable for deployment and
retrieval (e.g., soft or intermediate bottomEonsequencesf a strikecould include damagy injury, or
mortality for each device, mooring, or anchétard substrate potentially supporting deeyater corals

and other invertebrate communities is present on the continental shelf break and slope. A low
percentage obottom habitatin deep portions obn the continental shelf is suitable for hard bottom
communities. Based on the results of limitedestigations a low percentage of available hard substrate
may be inhabited by deewater corals or other invertebrate speci@d.S. Department of the Navy,
2010) although the percentage of coverage may be higheoime areassuch as underseaalnks
associated with the Channel Islanttedividual organisms would not likely be affected directly or
indirectly to the extent that the viability of populations or species would be impacted

The impact of seafloor devices arostly softbottom invertebraes is likely to cause injury or mortality

to someindividuals, but impacten populations would be inconsequential because the area exposed to

the stressor is extremely small relativettee area of both suitable and occupied habitaadthe

activitiesare generallydispersed such that few individualsuld likelybe exposed to more than one
event(although seafloor device use is concentrated in some areas such as anchorages and mine ranges)
In addition,exposures would be localizeshd temporary and he organisms most frequently impacted

would be burrowing sofbottom invertebrates that are relatively resilient to localized sediment

disturbance Activities involving seafloor devices are not expected to yield any behavioral changes or
lasting effects orthe survival, growth, recruitment, or reproduction of invertebrate species at the
population level
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Potential impacts from seafloor deeis onESAlisted abalonespeciesand abalone habitat would be
discountable. Navy practice is to plaasafloordevices on soft bottom areas. Furthermore, most black
abalone rocky habitat is too shallow to mdestingrequirements that would use seafloor devices.
Some shallow water seafloor devices are used by the Navy alor@giiferniacoast at Silver Strandub
only at designated sandy, soft bottom areas not associated with black abalone halaitgtactivities
would not overlap witrdesignatedolack abaloneritical habitat and critical habitat has not been
designatedor white abalone under ESRursuant ¢ the ESA, the use of seafloor devices dut@sgng
activities as described under Alternagit would have no effect on ESsted abalone speciex critical
habitat.

3.4.3.4.4.2 Impacts from Seafloor Devices Under Alternative 2

Impacts from Seafloor Devices Under Alternative 2 for Training Activities

The locations and tyof training activitiesusing seafloor devices would be the same under
Alternatives 1 and ZZompared to Alternative 1here would be a very smalkcreasan the number of
activitiesinvolvingseafloor devicet the Southern CaliforniRangeComplexHowever, thesmall
decreaseanould not result in substantive changes to the potentialifopactsor the types of impacts on
invertebrates.Refer to Sectiod.4.3.4.4.(Impacts from Seafloor Devices Under Alternativéof p
discussion of impacts on invertebrates.

The Navy will implement mitigation that includes not conductingcision anchoring (except in

designated anchorages) within the anchor swing circle of shallater coral reefs, precious coral beds,

live hard bottom, artificial reefs, and shipwrecks to avoid potential impacts from seafloor devices on
seafloor resoures in mitigation areas throughout the Study Area (see Section 5.4.1, Mitigation Areas for
Seafloor Resources). This mitigation will consequently help avoid potential impacts on invertebrates that
inhabit these areas, including several areas inhabited ByliEted abalone species.

Seafloor devices could occur within potential HiS#&d abalone species habitat off San Clemente Island
but would not be expected to affect abalones because seafloor devices are placed in soft bottom areas.
Navy activities wouldot overlap with designated black abalone critical habitat, and critical habitat has
not been designated for white abalone under the BS4tsuant to the ES#ye use of seafloor devices
duringtrainingactivities as described under Alternative 2 would édae effect on ESksted abalone
specier critical habitat.

Impacts from Seafloor Devices Under Alternative 2 for Testing Activities

The locations and types of testing activities using seafloor devices would be the same under Alternatives
1 and 2.Therewould be a very small increase in the numbetesitingactivitiesusing seafloor devicdn

the Southern Californi&angeComplex. However, the increase would not result in substantive changes

to the potential forimpactsor the types of impacts on invegbrates. Refer to Sectich4.3.4.4.1

(Impacts from Seafloor Devices Under AlternativéofLlp discussion of impacts on invertebrates

Seafloor devices coulie deployedwithin ESAisted abalone species potential habitat off San Clemente
Island but would not be expected to affect abalones because seafloor devices are generally placed in
soft bottom areas. Navy activities would not overlaith designated black abalone critical habitat, and
critical habitat has not been designated for white abalone under ESA. Pursuant to the ESA, the use of
seafloor devices duringstingactivities as described under Alternati2 would have no effect on
ESAlisted abalone speciasr critical habitat
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3.4.3.4.4.3 Impacts from Seafloor Devices Under the No Action Alternative

Impacts from Seafloor Devices Under the No Action Alternative for Training and Testing
Activities

Under theNo ActionAlternative, the Navy wouldot conduct the proposed trainingnd testing
activities in the HBT Study Area/arious physical disturbance and strike stressors (e.g., seafloor
devices) would not be introduced into the marine environmérterefore, baseline conditions of the
existingenvironment would either remain unchanged or would improve slightly after cessation of
ongoing training and testing activities.

3.4.3.4.5 Impacts from Pile Driving

In this section, impactsn invertebrates resulting from pile driving awibratory pile extractiorare

considered in the context of injury, mortality, or displacement that may occur due to physical strikes and
disturbance. Pile driving produces impulsive sound that may also affect invertebrates. Impacts
associated with impulsive sound are discusaéti other acousticstressorsin Sectior8.4.3.1.4(Impacts

from Pile Driving).

Installation and removal of piles could crush or injure invertebrates due to direct physical impact. Direct
impacts would be most likely for sessile or slmeving species such as bivalve molluscs, worms, and
echinoderms. Individuals located near the activities but not directly impacted could be disturbed and
show behavioral reactions (e.g., fleeing from the asdwllclosure, changes in activity). Behavioral
reactions require energy expenditure and may result in additional effects such as feeding disruption or
increased exposure to predators.

Bottom disturbance resulting from pile installation and removal would resde@iment displacement
andturbidity. Suspaded sediment particles may affect respiratory organgmpair the ability of
filter-feeding invertebrates to obtain food (e.g., by clogging their feeding structures or diluting the
amount of food in the surrounding volume of water).

3.4.3.4.5.1 Impacts from Pile Driving Under Alternative 1

Impacts from Pile Driving Under Alternative 1 for Training Activities

Under Alternative 1two events involvingile driving and removal would occannuallyin the

nearshore and surf zoreg Silver Strand Training Complex or Cdfepdleton, both in th&Southern
CaliforniaRangeComplexEach annual event would consist of intermittent disturbance over an
estimated 20 days during installation and 10 days during removal. Invertebrates could be exposed to
substrate vibration and othedisturbancefor a total of90 minutes per 24hour period during

installation, and could bsimilarlyexposed for a estimatedtotal of 72 minutes per24-hour period

during pile removal.

Invertebrates could be crushed, injured, displaced, or react behaviorally as a result of pile installation
and removal. In addition, turbidity could affect respiration and feeding in some individd@ahgever,

this activity occurs along high energy beacih®re organisms are resilient to frequent sediment
disturbance During the relatively short duration that piles are in the water (less thexeeks per

eveni, limited colonization of the piles by fagtowing, sedentary invertebrates would likely ocdtor
example the planktonic young of sedentary invertebrat®sch as mussels, hydroids, bryozoans, sea
squirts,abalonesand spongesoulduse the piles for attachmenfdults ofmobile species such as crabs
coulduse the piles for foraging or refuge. Reval of the piles would res$tin mortality to

limited-mobility and attached sessile species, and displacement and possibly injury to more mobile
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species. Compared to overall population size, onlgrg small number of individuals would be affected.
In addition, pile driving events would occur infrequenttwé timesper year), and impactsn the sandy
substrate would be recoverable. Effects to overall invertebrate populations would not be discernable.

Pile driving activities would not be conducted in az¢hat could supporESAlisted abalone species

and would not occur in black abalone critical habitat. Critical habitat for white abalone is not designated
under the ESARursuant to the ESA, pile driviagd removalduringtraining activities as descrilze

under Alternative 1 would have no effect on B&#ed abalone speciex critical habitat

Impacts from Pile Driving Under Alternative 1 for Testing Activities

There would be no pile driving @ibratory pile extractiorassociated with testingctivities. Therefore,
pile driving is not analyzed in this subsection.

3.4.3.4.5.2 Impacts from Pile Driving Under Alternative 2
Impacts from Pile Driving Under Alternative 2 for Training Activities

The locations, number of training events, and potential effects @ased with pile driving ansibratory
pile extractionwould be the same under Alternatives 1 and 2. Refer to Se8ti3.4.5.1(Impacts from
Pile Driving Under Alternative Ior a discussion of impacts on invertebrates.

Pile driving activities would not be conducted in areas that could suge#tisted abalone species
and would not occur in black abalone critical habitat. Critical habitawfote abalone is not designated
under the ESA2ursuant to the ESA, thgile driving and removaluringtraining activities as described
under Alternative 2 would have no effect on B&#ed abalone speciex critical habitat

Impacts from Pile Driving Under Alternative 2 for Testing Activities

There would be no pile driving eibratory pile extractiorassociated with testing activities. Therefore,
pile driving is not analyzed in this subsection.

3.4.3.4.5.3 Impacts from Pile Driving Under the No Action Alternative

Impacts from Pile Driving Under the No Action Alternative for Training and Testing
Activities

Under theNo ActionAlternative, the Navy would not conduct the proposed trainaugjvities in the
HS'T Study Ared/arious physical disturbance and strike st@s (e.g., pile driving) would not be
introduced into the marine environment.herefore, baseline conditions of the existing environment
would either remain unchanged or would improve slightly after cessation of ongoing training and
testingactivities.

3.4.3.5 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 fromwires andcables deceleratorsparachutes andbiodegradable polymeAspects of

entanglement stressors that are applicable to marine organisms in general are presented in Section
3.0.36.4 (Conceptual Framework for Assessing Effects from Entangleriretitis sectionpnly

potential impacts of these items as entanglement stressors are discussed. Abrasion and
covering/shading impacts on sessile benthic invertebrates are discussed with physical impacts in Section
3.4.3.4.3(Impacts from Military Expended Materials).
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Marine invertebratesare likelyless susceptible than vertebrates to entanglement, as illustrated by the
fact that fishing nets which are designed to tgdetagicmarine invertebrates operate by enclosiag
entrappingrather than entanglingChuenpagdee et al., 2003jowever, entanglement may be possible
for some species and some expended itefsurvey of marine debris entanglements found that
marine invertebratesaccounted forl6 percentof all animal entanglemeni®©cean Conservancy, 2010)
The same survey cites potential entanglement in military items only in the context of \wvasti#ing
aboard ships, athnot for military expended materiald. summary of the effects of litter on various
marine specieglentified potential impacts osome invertebrate taxa, particularly mobile benthic
species such as crabs and sea stars, that may become entangled in(@gprisets) after attempting to
move through the itemgNational Oceanic and Atmosptic Administration Marine Debris Program,
2014b) The potential for a marine invertebrate to become entangledires,cables,
deceleratorsparachutes or biodegradable polymeis considered remote. The materials generally do
not have the characteristics required to entangle marine spe¥ifses andcables are essentiallygid
lines Sonobuoy component®ayinclude plastic meshnd a float unit Althoughmeshitems have
increa®d potential for entangling marine animals in general, and invertebrates can become entangled
in nets(Ocean Conservancy, 2010)vertebrates are not particularly suscepélio entanglement in
these itemsDecelerators/rachutes have large openings between the cords separating the
deceleratorparachute fabric from the release mechanism. There iplaasiblescenario in which
deceleratorparachute cords would tighten arodrand hold a mobile invertebrate.
Decelerators/rachutessinkslowly through the water columralthoughmany have weights attached
to their lines to speed their sinkintnvertebrates in the water column with limited mobility (e.g.,
jellyfish, zooplanktopcould be trapped ineceleratorparachute fabric as it sinkshe potential effect

of deceleratorsparachutes covering sessitevertebratespecieson the bottomis discussed in Section
3.4.3.4.3(Impacts fromMilitary Expended MaterialsBased on the constituents of the biodegradable
polymer the Navy proposes to use, it is anticipated that the matentalld breakdown into small pces
within a few days to weekand breakdown further and dissolve into the water column within weeks to
a few months

3.4.3.5.1 Impacts from Wires and Cables

Fiberoptic cablestorpedo guidance wires, sonobuwaygres, and expendable bathythermograph wires
would beexpended during training and testing activities. For a discussion of the types of activities that
usewires and cablesseeAppendix B (Activity Stressor Matrices)

A marine invertebrateould become temporarilgntangled and escape unharmed, it couldhsd

tightly enough that it could be injured during its struggle to escape, it could be preyed upon while
entangled, or it could starve while entangled. Tirebability of these outcomes cannot be predicted
because interactions between invertebrate spe@es entanglement hazards are not well known.
However, it is unlikely that an invertebrate would become entanglealiies orcables. The items would

be essentially linear after deployment, as they sink through the water column. Once the items reach the
bottom, they couldbe moved intadifferent shape®r loop around objectslue towater currents but

the items arenot expected o form tight coilsandthe possibility of an invertebrate being ensnared i
remote. Fiberoptic cables are relatively brittle and readily break if knotted, kinked, abraded against
AKIFNL) 202S80Gax 2NJ f22LISR miliba@eysRhewireSandeabl&sywau 6 Sy R
eventually become buried in sediment or encrusted by marine growth, which would eliminate or further
reduce the entanglement potentialhe small number ofemsexpended across the Study Area results

in an extremely low rate giotential encounter for marine invertebrates.
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3.4.3.5.1.1 Impacts from Wires and Cables Under Alternative 1

Impacts from Wires and Cables Under Alternative 1 for Training Activities

Under Alternative 1fiber-optic cablesguidance wires, sonobuoy wires, and bathythermograph wires
would be expended during sinking exercisagj-submarine warfare activitiesorpedo exercises, and
various mine warfare and countermeasures exercises irHéwaii Range Comple®uthern Cafornia
RangeComplex and Transit CorridoCompared to sonobuoy wireaJow number of fiberoptic cables
guidance wiresand bathythermograph wiresre expended in th&tudy AreaThe majority of expended
items would be sonobuoy wires, and most of tlemsbuoy wires would bexpended in theSouthern
CaliforniaRangeComplexThe number ofvires andcables expended in other areas is
substantiallylower.

All locations ofvire and cablause potentially coincide with deewater corals and other invertebrase
associated withive hard bottom areas in water depths less than 3,000The portion of suitable
substrate occupied by living coralgenerallylow, and coincidence with such low densities of linear
materials is unlikelyHowever, in some areasuch as undersea banks associated with the Channel
Islands offshore of southern California, de@pter corals may cover a greater portion of available hard
habitat fefer to Sectior8.4.2.3.3 Corals, Hydroids, Jellyfish [Phylum Cnidaria]).

The impact ofvires andcables on marine invertebrates is not likely to cause injury or mortality to
individualsbecause of the lineaaind somewhat rigishature d the material.Impactson individuals and
populationswould be inconsequential because the area exposed to the stressor is extremely small
relative tothe distribution ranges ofmost marine invertebrates, the activities are dispersed such that

few individualswould likelybe exposed to more than one eveindexposures would be localizelah
addition,marine invertebrates are not particularly susceptible to entanglement stressors, as most would
avoid entanglement and simply be temporarily disturbed. Ati¢is involvingwires andcables are not
expected to yieldany behavioral changes or lasting effects on the survival, growth, recruitment, or
reproduction of invertebrate species at individual or population levels.

ESAlisted abalonespeciedo not occur iroffshoreareas where torpedo launches would occur and
would not be exposed to guidance wires. Airborne mine neutralization activities anebfittiercables
expended during training activities could occur in nearshore aretteed@outhernCaliforniaRange
Complex, where the ESisted abalonespeciesare present. However, abalone species would not be
entangled by fibeoptic cablesor sonobuoy wiredecause they are sedentary invertebrates. There is no
probable scenario in which an abaloweuld be ensnared by a fibeptic cable on the bottom and

suffer adverse effectdVires and cables would not affect essential biological features of black abalone
critical habitat, which consist of adequate substrate, food availability, and water gaatitgirculation
patterns. Critical habitat has not been designated for white abalone under thePE&Aant to the ESA,
the use of wires and cables duritrginingactivities as described under Alternative 1 would have no
effect on ESAisted abalone spéesor critical habitat.

Impacts from Wires and Cables Under Alternative 1 for Testing Activities

Under Alternative 1testingactivities that expend fibeoptic cables, guidance wiresnd sonobuoy
wires, and bathythermograph wires would occutlie Hawaii Range Compleand Southern California
RangeComplexWires and cables would not be expended within the HSTT Transit Corridor during
testing activitiesThe majority oexpended itemsvould besonobuoywires. Sonobuoy wires would be
expended in bothrangecomplexesbut would be concentrateth the Southern California
RangeComplex.
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All locations of fibeoptic cable, guidance wire, and sonobueiye use potentially coincide with deep

water corals and other invertebrates associated wile hard bottomareas in water depths less than
3,000m. However, the portion of suitable substrate occupied by living coral is very low and coincidence
with such low densities of linear materials is unlikely.

The impact ofvires andcables on marine invertebrates is riiely to cause injury or mortality to
individualsbecause of the lineaaind somewhat rigishature of the materiallmpactson individuals and
populationswould be inconsequential because the area exposed to the stressor is extremely small
relative tothe distribution ranges ofmost marine invertebrates, the activities are dispersed such that

few individualsvould likelybe exposed to more than one evelindexposures would be localizelah

addition, marine invertebrates are not particularly susceptible to entanglement stressors, as most would
avoid entanglement and simply be temporarily disturbed. Activities involvirgs andcables are not
expected to yieldany behavioral changes or lasting effeatsthe survival, growth, recruitment, or
reproduction of invertebrate species at individual or population levels.

ESAlisted abalonespeciesdo not occur in areas offshore where torpedo launches would occur and
would not be exposed to and guidance wirdgborne mine neutralization activities and fibeptic

cables expended duringstingactivities could occur in the nearshore areassotithern California
RangeComplex, where the ESiated abalonespeciesare present. However, as discussed above for
impacts due to training activities, abalone species would not be entangled byditier cablesWires

and cables would not affect essential biological features of black abalone critical habitat, which consist
of adequate substrate, food availability, andtemaquality and circulation patterns. Critical habitat has

not been designated for white abalone under the BRfxsuant to the ESA, the use of wires and cables
duringtestingactivities as described under Alternative 1 would have no effect oHiEIBA dalone
specieor critical habitat.

3.4.3.5.1.2 Impacts from Wires and Cables Under Alternative 2

Impacts from Wires and Cables Under Alternative 2 for Training Activities

Under Alternative 2, the locations and typef potentially entangling expended items used would be
the same asinderAlternative 1 There would be a small increase in thember ofsonobuoy wires
expendedn the Southern California Range ComplBxeoverall result would be an increase of about

2 percent in the total number of items expended. Tdifference is not expected to result in substantive
changedo the potential for or types oimpactson invertebrates. Refer to Sectidh4.3.5.1.1(Impacts
from Wires and Cables Under Alternativefdr) a discussion of potential entanglement impacts resulting
from wires andcables associated with training activities

As discussed in Secti@®.3.5.1.1(Impacts from Wires and Cables Under Alternativep@jsuant to the
ESA, the use afires and cableduringtrainingactivities as described under Alternative 2 would have
no effect on ESHisted abalone speciex critical habitat

Impacts from Wires and Cables Under Alternative 2 for Testing Activities

Under Alternative 2, the locations and type of potentially entangling expended items used would be the
same asuinder Alternative 1 There would be amall increasén the numberof fiber-optic cables

expended in the Southern California Range Comguhebsonobuoy wiresexpendedn both range
complexesThe additional items would represent an overall increase of less3ipgmncent of the total
amount of materials expendedhe difference is not expected to result in substantive changes to the
potential for a types of impactson invertebrates. Refer to Sectidh4.3.5.1.(Impacts from Wires and
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Cables Under Alternative figr a discussion of potential entanglement impacts resulting fraines and
cables associated with testing activities.

As discussed in Secti@¥.3.5.1.1(Impacts from Wires and Cables Under Alternativgpdjsuant to the
ESA, the use ofires and cableduringtestingactivities as described under Alternative 2 would have no
effect on ESAisted abalone speciasr critical habitat

3.4.3.5.1.3 Impacts from Wires and Cables Under the No Action Alternative

Impacts from Wires and Cables Under the No Action Alternative for Training and Testing
Activities

Under theNo ActionAlternative, the Navy would not conduct the proposed training and testing

activities in the HSTT Study Ar®arious entanglement stressors (e.g., wires and cables) would not be
introduced into the marine environmentherefore, baseline conditions of tleisting environment

would either remain unchanged or would improve slightly after cessation of ongoing training and testing
activities.

3.4.3.5.2 Impacts from Decelerators/Parachutes

Decelerators/@rachutes of varying sizes are used during training and testingtas. For a discussion
of the types of activities that usgeceleratorsparachutesandthe physical characteristics of these
expended materials, see Secti8rd.3.3.5.ADeceleratorsParachutek Aircraftlaunched snobuoys,
lightweight torpedoes, subnrine warfare training targetsaerial targetsand other devices deployed
from aircraftor vesselsisedeceleratorsparachutes that are made ofylon or a combination afloth
and nylon Small and medium decelerators/parachutesve weights attached to the lines for rapid
sinking but large and extrdarge decelerators/parachutes do ndit water impact, the
deceleratorparachute assembly is expended, and it sinks away from theSmiall and medium
deceleratorparachute assenllesmayremain at the surface for ® 15 seconds before the
deceleratorparachute and its housing sink to thettom, where it becomes flattened.arge and extra
large decelerators/parachutes may remain at the surface or suspended in the water coluanlofayer
time due to the lack of weights but eventually also sink to the bottom and become flatt@saduse
they are in the air and water column for a time span of minutes,unlkelythat asmall or medium
deceleratorparachute deployed in areas greater thahlBl from the shore could travel far enough to
affectinvertebrates located ishallownearshore aread.arger decelerators/parachutes could move a
greater distance due to their slower sinking tinhdovement of thedeceleratorparachute in the water
or along the bottormmay break more fragile invertebrates such as deegter corals which would also
reduce suitable hard substrate for encrustingertebrates Deepwater coral species potentially occur
everywhere thatdeceleratorparachute use occur€orals (shallovwvater and deepwater) are
susceptible to entanglemenih deceleratorsparachutes, but the principal mechanisms of damage are
shading, abrasion, and breaka@efer to Sectior8.4.3.4.3Impacts from Military Expended Materils
for a discussion of these impact€n large enough spatial and temporal ssalbese impacts could
affect a sufficiennumber of individuals to reduce the extent of coral coverdgewever, available
studies suggest a very low percentage of suitable habitat is occupied by deep sea corals, making
coincidence with entanglindeceleratorsparachutes very unlikelfrefer toSection 3.4.2.3.3(Corals,
Hydroids, JellyfisfPhylum Cnidaridfor details on the study resultén addition to corals, other sessile
benthic invertebrates suchsasponges, anemones, and hydrozoans could be affected by damage, burial,
smothering, or abrasion.
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Adeceleratorparachute or attached lines sinking through the water column is unlikely to affect pelagic
invertebrates. The lines would result in only tempagrdisplacement of individuals. Most pelagic
invertebrates would be too small to be ensnared, and the lines wouletlagivelystraight as the
deceleratorparachute descends, making entanglement of larger invertebrates such as jellyfish or squid
highly urikely.In addition, there are large openings between the cofdsedeceleratorparachute

mesh is solid, permitting only microscopic animals to passugh it Some individualsf relatively slow
moving species (e.g., jellyfish, swimming cralos)ld therefore be caught in a billowed
deceleratorparachute as it sinkglowever, althougtsomeare weighteddeceleratorsparachutessink
relatively slowly through the water column (potential time span of minutes), and wikgly impact

few individuas$ larger than zooplanktorny individuals trapped within théeceleratorparachute as it
sinks may escape, or may remain enclosed for some time and experience potential effects similar to
those described for cables and wires (e.g., injprggdation,starvation).

3.4.3.5.2.1 Impacts from Decelerators/Parachutes Under Alternative 1

Impacts from Decelerators/Parachutes Under Alternative 1 for Training Activities

Under Alternative 1, activities involvirtgceleratorparachute use would occur the Hawaii Range
ComplexSouthern CaliforniangeComplex and the HSTT Tran§lorridor. The majority of expended
items would be small decelerators/parachutes; only a small number of medbuge and extralarge
decelerators/parachutes would be usesimall and medium decele@ts/parachutes are typically used
with aircraftlaunched sonobuoys and lightweight torpedoes, while latgeeleratorsparachutes are
associated with items such as illumination flares and targets (Section 3.0.3.3.5.2,
Decelerators/Parachutedlargeand exra-largedecelerators/parachutes would be expendied
approximately equal quaniiésin the Hawaii Range Complexd Southern California Range Complex

Decelerator/parachute lines could temporarily displace invertebrates in the water column but would be
unlikely to ensnare individuals. Decelerator/parachute mesh could envelop invertebrates as the item
sinks through the water column. Envelopment would primarily be associated with zooplankton,
although other relatively slownoving invertebrates such as jdish and swimming crabs could be
caught in a billowed decelerator/parachute. Ensnared individuals may be injured or killed, or may
eventually escape. Decelerators/parachutes on the bottmuld cover benthic invertebrates, bgbme
would likely be able tanove away from the item. It is highly unlikely that an individual invertebrate
would be ensnared by a decelerator/parachute on thetbot and suffer adverse effects.
Decelerators/parachutes could break or abrade deegier corals. These impacts are dis@ci
Section3.4.3.4.3(Impacts from Military Expended Materials) in the context of physical disturbance
andstrike.

The vast majority ofnarine invertebrates wouldot encounter adeceleratorparachute. The impacif
deceleratorsparachutes on marine invertebrates is not likely to cause injury or mortality to individuals,
and impacts would be inconsequential becatise area exposed to the stressor is extremely small
relative to most marine invertebratékanges, he activities are dispersed such that few individuals
would likelybe exposed to more than one evemndexposures would be localize@ihe surface area of
decelerators/parachutes expended across the Study Area is extremely small compared to the relatively
low percentage of suitable substrate inhabited by desa coral species, resulting in a low risk of
coincidenceln addition,marine invertebrates are not particularly susceptible to entanglement
stressors, as most would avoid entanglement and simplietyporarily disturbedThe number of
individuals affected would be inconsequential compared to overall invertebrate population numbers.
Activities involvingleceleratorsparachutes are not expected to yiedahy behavioral changes or lasting
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effects on thesurvival, growth, recruitment, or reproduction of invertebrate species at individual or
population levels.

Decderators/parachutes are unlikely tdrift into mostareas where ESksted black abalone and white
abalone are preserdue to the typical offshar locations of uséwater depths of 600 ft. or mone
Potential exceptions include offshore areas known to support these species (e.g., Tanner and Cortes
Banks)lt is not likely that a sedentary abalone could be ensnared by a decelerator/parachute cord.
Impacts would more likely be associated with covering or abraginrabalone thabecomescovered

by adeceleratorparachutecould have reduced access to driftiogattached macroalgae until the
animalmovesaway from the itemRespiration could also be affectddan abalonebecomescovered by

a decelerator/parachute to the extent that water flagrestricted.Potential mpactsdue to abrasion

are discussed irhe context of physical disturbance and strikes in Se@idt8.4.3(Impacts from

Military Expended MaterialsY-here is a remote possibility thabalone larvae could be caught in a
decelerator/parachute as it sinks, although microscopic organisms may be able to pass through the
mesh

Pursuantto the ESA, the use of decelerators/parachutes during training activities as described under
Alternative 1would not affect essential biological features of black abalone critical habitat, and critical
habitat has not been designated for white abalone under the ESA. Therefore, the use of
decelerators/parachutes wouldave no effect ordesignated black abalorwitical habitat.
Decelerators/parachutemay affect EShisted abalone specie$he Navyhas consultedvith NMFSas
required bysection {a)(2) of the ESA

Impacts from Decelerators/ Parachutes Under Alternative 1 for Testing Activities

Under Alternative 1, activities involvirggnalldeceleratos/ parachutes would occur irthe Hawaii Range
Complexand Southern Californi&angeComplex Thee would be nanedium large, or extrdarge
decelerators/parachutes expendetliringany testingactivties. Approximately 60 percerdf the small
decelerators/parachutes would be expended in ®euthern CalifornikangeComplex.

Decelerator/parachute lines could temporarily displace invertebrates in the water column but would be
unlikely to ensnare indiduals. Decelerator/parachute mesh could envelop invertebrates as the item
sinks through the water column. Envelopment would primarily be associated with zooplankton,
although other relatively slownoving invertebrates such as jellyfish and swimming crabdde

caught in a billowed decelerator/parachute. Ensnared individuals may be injured or killed, or may
eventually escape. Decelerators/parachutes on the bottom could cover benthic invertebrates, but some
would likely be able to move away from the itetnis highly unlikely that an individual invertebrate

would be ensnared by a decelerator/parachute on the bottom and suffer adverse effects.
Decelerators/parachutes could break or abrade deegier corals. These impacts are discussed in
Section3.4.3.4.3(Impacts from Military Expended Materials) in the context of physical disturbance
andstrike.

The vast majority ofnarine invertebrates would not encounterdeceleratorparachute. The impaaif
deceleratorsparachutes on marine invertebrates is not likely to cause injury or mortality to individuals,
and impacts would be inconsequential because the area exposed to the stressor is extremely small
relative tothe distribution ranges ofmost marhe invertebrates, the activities are dispersed such that
few individualsvould likelybe exposed to more than one evelind exposures would be localizethe
surface area of decelerators/parachutes expended across the Study Area is extremely small ddmpare
the relatively low percentage of suitable substrate inhabited by deeg coral species, resulting in a low
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risk of coincidencdn addition,marine invertebrates are not particularly susceptible to entanglement
stressors, as most would avoid entanglent and simply be temporarily disturbe@ihe number of
individuals affected would be inconsequential compared to overall invertebrate population numbers.
Activities involvingleceleratorsparachutes are not expected to yiedahy behavioral changes or lasg
effects on the survival, growth, recruitment, or reproduction of invertebrate species at individual or
population levels.

Decelerators/parachutewould beunlikely todrift into mostareas where ESksted abalonespeciesare
presentdue to the typicabffshore locations of usemMater depths of 600 ft. or mojePotential

exceptions include offshore areas known to support these species (e.g., Tanner and CortedtBsinks).
not likely that a sedentary abalone could be ensnared by a decelerator/parachrdeAs discussed
above for training activitiestripacts would more likely be associated with covering or abrasion.
Abrasionmpacts are discussed in the context of physical disturbance and strikes in Se4tthd.3
(Impacts from Military Expended Materials).

Pursuant to the ESAhe use of @celerators/parachutes during testing activities as described under
Alternative 1 would not affect egntialbiologicalfeatures of black abalone critical habitat, and critical
habitat has not been designated for white abalone under the ESA. Therefore, the use of
decelerators/parachutes wouldave no effect oresignated black abalone critical habitat.
Decelerators/parachutes may affect E8#ted abalone specie$he Navyhas consultedvith NMFSas
required bysection 7a)(2) of the ESA

3.4.3.5.2.2 Impacts from Decelerators/Parachutes Under Alternative 2
Impacts from Decelerators/Parachutes Under Alternative 2 for Training Activities

Under Alternative 2, the locations of activities using decelerators/parachutes would be the same as
Alternative 1. Under Alternative 2, there would be a small increase in the number of small
decelerators/parachutes used. An additio®4dl2 small decelerators/parachutes would be expended in
the Southern California Range Compl&ke difference represents an increase of about 2 percent and
would not be expected to result in substantive changes to the potential for or types of impacts on
invertebrates.Refer to Sectiod.4.3.5.2.1(Impacts from Decelerators/Parachutes Under Alternative 1)
for a discussion of impacts on invertebrates.

As discussed in Secti@m.3.5.2.1(Impacts from Decelerators/Parachutes Under Alternative 1),
pursuant to the ESA, these of decelerators/parachesduring training activities as described under
Alternative 2would have no effect ordesignated black abalone critical habjthtt may affect ESA
listed abalone species

Impacts from Decelerators/Parachutes Under Alternative 2 for Testing Activities

Under Alternative 2, the locations attivities usingleceleratorsparachutes would be the same as
Alternative 1. Under Alternative 2, there would bsmallincreasein the number osmall
deceleratorsparachutesused Atotal of an additional760smalldecelerators/parachutes would be
expended in theStudy Areg310 in theHawaii Range Complexid 450 in the Southern California Range
Complex) The difference represents an increasexbbut 2 percent and would not bexpected to result
in substantive chages to thepotential foror typesof impactson invertebrates. Refer to Section
3.4.3.5.2.1(Impacts from Decelerators/Parachutes Under Alternaliyfor a discussion of potential
entanglement impacts resulting frodeceleratorsparachutes associated with testiagtivities
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As discussed in Secti@®.3.5.2.1(Impacts from Decelerators/Parachutes Under Alternative 1),
pursuant to the ESA, these of decelerators/parachutaturingtestingactivities as described under
Alternative 2would have no effect ormlesignated black abalone critical habjtatit may affect
ESAlisted abalone species

3.4.3.5.2.3 Impacts from Decelerators/Parachutes Under the No Action Alternative

Impacts from Decelerators/Parachutes Under the No Action Alternative for Training and
Testing Activities

Under theNo ActionAlternative, the Navy would not conduct the proposed training and testing
activities in the HSTT Study Ar®arious entanglement stressors (e.g., decelerators/parachutes) would
not be introduced into the marine environmerntherebre, baseline conditions of the existing
environment would either remain unchanged or would improve slightly after cessation of ongoing
training and testing activities.

3.4.3.5.3 Impacts from Biodegradable Polymer

Biodegradable polymer is an expended itdmat is designed to temporarily interact with the
propeller(s) of target craftFor a discussion of the types of activities that usssel entanglement
systemsand the physical characteristics of these expended materialsSeeton 3.0.3.3.5.3
(Biodegradabld’olymej. The material would degrade into small pieces within a few days to weeks
after which time the entanglement potential would ceasepactson pelagic invertebrates would most
likely be limited to temporary displacement as the biodegradable polymagerial floats past an
animal.Although t is unlikely that most invertebrates would become entangled in the biodegradable
polymer material entanglementis conceivable for relatively large invertebratdst occur in the water
column(e.g.,jellyfishand squid. Entanglement impacten benthic species are not expected due to the
relatively rapid degradation of the items.

3.4.3.5.3.1 Impacts from Biodegradable Polymer Under Alternative 1
Impacts from Biodegradable Polymer Under Alternative 1 for Training Activities

There would be no use dfiodegradable polymeassociated with training activities. Therefore,
biodegradable polymer igot analyzed in this subsection.

Impacts from Biodegradable Polymer Under Alternative 1 for Testing Activities

Under Alternative 1, a snilanumber oftestingactivities would involve the use of biodegradable polymer
in the Hawaii Range Complexd Southern CaliforniRangeComplexlt is conceivable that relatively
largepelagicinvertebrates such as jellyfish would be temporarily entangidthough the probability is

low due to the polymer desigriThe most likely effect would be temporary displacement as the material
floats past an animal. Impacts benthic speciesvould not be expected. Activities involving
biodegradable polymer would not yielthy behavioral changes or lasting effects on the survival, growth,
recruitment, or reproduction of invertebrate species at individual or population levels.

Impactson ESAlisted abalonespeciesvould not be expectedlhe polymer material would be expected

to remain buoyant until substantial degradation occurs and would have little potential for entanglement
of abalonesCritical habitat has not been designated for white abalone undeE&®&4, and

biodegradable polymer would not affect essential features of black abalone critical h&hitsuant to

the ESA, the use of biodegradable polymer during testing activities as described under Alternative 1
would have no effect on ESiated abalome specie®r criticalhabitat.
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3.4.3.5.3.2 Impacts from Biodegradable Polymer Under Alternative 2

Impacts from Biodegradable Polymer Under Alternative 2 for Training Activities

There would be no use diodegradable polymeassociated with training activities. Theoeé,
biodegradable polymer isot analyzed in this subsection.

Impacts from Biodegradable Polymer Under Alternative 2 for Testing Activities

The locations, number of events, and potential effects associatedbiittegradable polymense
would be the sameinder Alternatives 1 and 2. Refer to Sect®.3.5.3.(Impacts fromBiodegradable
PolymerUnder Alternative 1jor a discussion dhe potentialimpactsof biodegradable polymewn
invertebrates.

Pursuant to the ESA, the use of biodegradable polymer during testing activities as described under
Alternative 2 would have no effect on Efigted abalone speciax critical habitat

3.4.3.5.3.3 Impacts from Biodegradable Polymer Under the No Action Alternative

Impacts from Biodegradable Polymer Under the No Action Alternative for Training and
Testing Activities

Under theNo ActionAlternative, the Navy would not conduct the proposed testing activities in the HSTT
Sudy Area.Biodegradable polymer is not a part of ongoing Navy activities in the Study Area and this
entanglement stressor would not be introduced into the marine environment under the No Action
Alternative.Therefore, no change in baseline conditionshd exsting environment would occur.

3.4.3.6 Ingestion Stressors

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, which mayauyb
categorized as munitions and materials other than munitions. Aspects of ingestion stressors that are
applicable to marine organisms in general are presented in Section@3(8onceptual Framework for
Assessing Effects from Ingestion). The Naypends the following types of materials that could become
ingestion stressors during training and testing in the Study Areaemplosive practice munitions

(smalt and mediumcaliber), fragments from highxplosives, fragments from targets, chaffd flaes,
chaff andflare accessorieg¢including end capompression padsr pistons and arings), andsmall
deceleratorsparachutesVery few invertebrates are large enough to ingest intact sraalll medium
caliber munitionsand casingspotential impact resulting from these items would be limited to a few
taxa such as squid and octop@ther military expended materials such as targets, laraiger

projectiles, intact training and testing bombs, guidance wires, sonobuoy tubes, amgennaarkers are
too large foranymarineinvertebrateto consume and are eliminated from further discussion.

Expended materials could be ingested by marine invertebrates in all large marine ecosystems and open
ocean areas. Ingestion could occur at thefsce, in the water column, or at thettom, 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 may feed at or near the water surface (e.gshebgiiid),

while materials that sink to thbottom present a higher risk to both filteéieeding sessile (e.g., sponges)

and bottomfeedinganimals(e.g., crabs). Most military expended materials and fragments of military
expended materials are too large be ingested by marine invertebrates, and relatively large predatory

or scavenging individuals are unlikely to consume an item that doegisially or chemically resemble

food (Koehl et al., 2001; Polese et al., 20Many arthropods such as blue crakea{linectes sapidiis

and spiny lobster are known to discriminate between palatable and unpdéafabd items inside the
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mouth, so in a strict sense, only items that are passed into the interior digestive tract should be
considered to be ingeste@ggio et al., 2012)f expended material is ingested by marine invertebrates,
the primaryrisk is blockage in the 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
3.4.3.7 Secondary Stressors, for more information on the chemical properties of these materials).
However, pollutants (e.g., heavy metals gadychlorinated biphenylsmay accumulate on the plastic
components of some military expended materidastic debris pieces collected at various locations in
the North Pacific Ocean had polycyclic aromatic hydrocarbons and pesticides associated witRitheem

et al., 2007) Relatively large plastic pieces could be ingested by some species. Howevearfilter
depositfeeding invertebrates have the greatgsstential to ingest small plastic items, and any

associated pollutants could harm thedimidual animal or subsequently be incorporated into the

food chain.

The potential for marine invertebrates to encounter fragments of ingestible size increasesrasitiuegy
expended materials degrade into smaller fragmemtsr monthsto decades Intact munitions

fragments of munitionsand other itemsould degrade into metalnd plastigieces small enough to be
consumed by indiscriminate feeders, such as somamaaworms. Depositeeding, detritusfeeding,

and filter-feeding invertebrates such as amphipods, polychaete worms, zooplankton, and mussels have
been found to consume microscale plastic particles (microplasticsydbattfrom the breakdown of
larger phstic itemgNational Oceanic and Atmospheric AdministratioarMe Debris Program, 2014a;
Wright et al., 2013)Ingestion by these types of organisms is thestrikely pathway for degraded
military expended materials to enter the marine food wélpansfer of microplastic particles to higher
trophic levels was demonstratdd one experimen{Setala et al., 2014)ngestion ofmicroplastics may
result in physical effects such as internal abrasiongutdlockage, toxicity due to leaching of
chemicals, and exposure to attached pollutamstentially harmful bacteria may also grow on
microplastic particleg¢Kirstein et al., 2016)n addition, consumption of microplastics may result in
decreased consumption of natural foods such as a{@ade et al., 2013Microplastic ingestion by
marine worms was shown in one study to result in lower energy reséWeght et al., 2013)
Microplastic ingestion has been documented in numerous marine invertebrates (e.g., mussels, worms,
mysid shrimp, bivalve molluscs, zooplankton, and scleractinian ¢@als et al., 2013; Hall et al., 2015;
Setala efl., 2016; Wright et al., 201.3n an experiment involving pelagic and bentimarine
invertebrates with different feeding methods, all species exposed to microplastic particles ingested
some of the itemgSetala et al., 2016Pepositfeeding worms and an amphipod species ingested the
fewest particles, while bivalves and freimming crustaceans ingested higher amounts. Ingestion of
plastic particles may result in negative physical and chemical effects to invertebrates, although
invertebrates are generally able to discharge these patrticles from the odsrall populationlevel
effects across a broad range of species@aneently uncertain(Kaposi et al., 2014; Wright et al., 2013)

Biodegradable polymenaterials used during marine vessel stopping activities degrade relatively quickly
as a result of microbial actions or enzymes. The material breaks down into small pieces within days to
weeks, and degrades into particles smalbagh to dissolve in the water within weeks to months.
Molecules formed during degradation can range from complex to simple products, depending on
whether the polymers are natural or syntheti€arlsson & Albertsson, 1998ems of ingestible size

would therefore be produced throughout the breakdown process. However, the products are
considered environmentally benign and would be dispersed quickly to undetectable concentrations
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The most abodant military expended material of ingestible size is chaff. The materials in chaff are
generally nontoxic in the marine environment except in quantities substantially larger than those any
marine invertebratewvould likely encounter as a result Nfvytraining andtesting activitiesChaff thers
are composed of an aluminum alloy coating on glass fibers of silicon dioxide (Section@3).BlBitary
Expended Materials Other Than Munitions). Chaff is similar in form to fine human hair, and is somewhat
analogous to the spicules of sponges or the siliceous cases of difdtbSisDpartment of the Navy,
1999) Many invertebrates ingest sponges, including the spicules, without suffering(hhB8n
Department of the Navy, 1999\ arine invertebrates may occasionally encounter chaff fibers in the
marine environment and may incidentally ingest chaff when they ingest prey or water. Literature
reviews and contribed experiments suggest that chaff poses little environmental risk to marine
organisms at concentrations that could reasonably occur from military training and téatifsgen et
al., 2002; U.S. Department of the Navy, 198udies were conducted to determitige effectsof chaff
ingestionon variousestuarineinvertebratesoccurring near a site of frequent chaff testimg
Chesapeake Bdchiff, 1977)American oystergvarious life stagesplue crabgCallinectes sapidiis
blue musselsMytilus eduli$, and the polychaete wormiereis succineaere force fed a chafind-food
mixture daily for a fer weeks at concentrations 10 100times the predictedcexposure level ithe Bay.
Although some mortality occurred in embryonic oyster larvae from 0 to 48dhdlie authors suggest
confounding factors other than chaff (e.g., contaminated experimental water) as the.cehesauthors
reported nostatisticallysignificant mortalityor effects on growth ratéor any speciesBecause many
invertebrates (e.g., crah shrimp) actively distinguish between food and +ioad particles, the
experimental design represents an unrealistic scenarib respect to the amount of chaff consumed
Aninvestigaton of sediments in portions of Chesapeake Bay exposed to alumioizdtirelease for
approximately 25 years found no significant increase in concentration compasadriples collected
3.7kmfrom the release ared@Wilson et al., 2002)

As described in Sgon 3.4.2(Affected Environment)nanythousands of marine invertebrate species
inhabit the Study Area. Most available literature regarding the effects of debris ingestion on marine
invertebrates pertins to microplastic§Goldstein & Goodwin, 2013; National Oceanic and Atmaospheric
Administration Marine Debris Program, 2014a; Wright et al., 20DB¥ussion of potential consumption

of larger items is typically focused on fishes, reptiles, mammaald birds Consequently, it is not
possibleto speculate in detail on which invertebrates in which locations might ingest all types of military
expended materialdespite the potential impacts, it is reasonable to conclude thkttively large

military expended materials would not be intentionatignsumed by actively foraging invertebrates
unless they are attracted by other cues (e.g., visual cues such as flashing metal bits that squid might
attack). Passivelfeeding invertebrates (e.g., shellfish, jellyfish) may accidently ingest small paltjcles
filtration or incidental adhesion teticky mucus. Thpotential for impacts on invertebratesrom

ingestion of military expended materidsalso related tahe locations oNavy training and testing
activitiesrelative toinvertebrate population desities. Increased invertebrate densities are associated
with the highest densities of microscopic plant food, which are typically located in nearshore waters in
closer proximity to nutrient sources or in areas where upwelling $gadccur. Conversely, teities

that generate military expended materials occur mostly seaward of nearshore v&iteall deposit

feeding, detritusfeeding, and filteffeeding invertebrates would be most likely to ingest small items
such as degraded plastic particles, althoudssters reportedly may also ingest microplastisstional
Oceanic and Atmospheric Administration Marine Debris Program, 20IKhaygh ingestion is possible

in some circumstances, due to the overall size and composition of military expended materials, impacts
on populations wouldikely not be detectable.

3.496
3.4 Invertebrates



HawairSouthern California
Training and Testing Final EIS/OEIS October 2018

3.4.3.6.1 Impacts from Military Expended Materials - Munitions

Ingestionof intact military expended materials that are munitioisnot likelyfor most types of
expended item$becausehey are too large to be ingested by most marine invertebrates. Though
ingestion of intact munitions or large fragments is conceivable in some circumstéace, a relatively
large invertebrate such as an octopus or lobster ingesting a s@lddlerprojectile), such a scenario is
unlikely due to the anim& ability to discriminate between food and néood items. Indiscriminate
deposit and detritusfeeding invertebrates such as some marine worms could potentially ingest
munitions fragments that have degraded to sediment sidetal particles in the water column may be
taken up by suspension feeders (eappepods, mussel§Lhiarelli & Roccheri, 2014; Griscom & Fisher,
2004) although metal concentrations in the water are typically much lovirantconcentrations in
sedimentg(Bazzi, 2014; Brix et.a2012)

3.4.3.6.1.1 Impacts from Military Expended Materials - Munitions Under Alternative 1

Impacts from Military Expended Materials - Munitions Under Alternative 1 for Training
Activities

Under Alternative 1, military expended materials from munitions associated with training activities that
could potentially be ingested include naxplosive practie munitions (smalland mediumcalibel),
smaltcaliber casingsnd fragments from highxplosives. These items could be expended throughout
most of the Study Arehut would be concentrated ithe Hawaii Range Complexd Southern California
RangeComplexThe types of activities that would produce potentially ingestible military expended
materials are listed in Appendix B (Activity Stressor Matrices). The quantity of military expended
materials associated with each training location is provided in Ch&pfaffected Environment and
Environmental Consequences) general discussion of the characterist€ ingestible materialssi

provided in Section 3.0.3.3.6 (Ingestion Stressors).

It is possible but unlikely that invertebrates would ingest intact mung&idepositand detritusfeeding
invertebrates could potentially ingest munitions fragments that have degraded to sediment size, and
particulatemetals may be taken up by suspension feeders. Impacts on individuals are unlikely, and
impacts on populationg/ould probably not be detectable.

The Navy will implement mitigation (e.g., not conducting gunnery activities within a specified distance of
shallowwater coral reefs and precious coral beds) to avoid potential impacts from military expended
materials on safloor resources in mitigation areas throughout the Study Area (see Section 5.4.1,
Mitigation Areas for Seafloor Resources). This mitigation will consequently help avoid potential impacts
on invertebratesassociated wittshallowwater coral reefs and prémus coral beds.

ESAlisted abalonespeciesccurin portions of theSouthern CaliforniRangeComplex. Potential
impactson black abalone would be limited to individuals accidentally ingesting small fragments of
exploded munitions as they scrape algaémfilm (a thin layer of microorganismejf hard substrates
in shallow water. Materials are primarily expended far from shore, in the open otteaauld be
possiblefor military expended materials to fall in offshore waters known to support white algalsuch
as Tanner Bank. However, due to the loverallabalonepopulation density and the widg dispersed
use of expendable materials, the potential fogestionand consequent effectwould below. Pursuant
to the ESA, the use of military expended nmiaks- munitions during training activities as described
under Alternative 1 would have no effect on Hisfed abalone species
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Impacts from Military Expended Materials - Munitions Under Alternative 1 for Testing
Activities

Under Alternative 1, military expended materials from munitions associated with testing activities that
could potentially be ingested include naxplosive practice munitions (smadind mediumcaliber) and
fragments from higkexplosives. These items coudd expended throughouhe Hawaii Range Complex
and Southern CaliforniRangeComplexout are not expended within the HSTT Transit Laihe types of
activities that would produce potentially ingestible military expended materials are listed in Appendix B
(Activity Stressor Matrices). The quantity of military expended materials associated with each testing
location is provided in Chapter 3 (Affected Environment and Environmental Consequéngesgral
discussion of the characteristic of ingestible maitsin provided in Section 3.0.3.3.6 (Ingestion
Stressors).

It is possible but unlikely that invertebrates would ingest intact munitions. Deasit detritusfeeding
invertebrates could potentially ingest munitions fragments that have degraded to setisizm and
particulatemetals may be taken up by suspension feeders. Impacts on individuals are unlikely, and
impacts on populations would probably not be detectable.

The Navy will implement mitigation (e.g., not conducting gunnery activities within@figakdistance of
shallowwater coral reefs and precious coral beds) to avoid potential impacts from military expended
materials on seafloor resources in mitigation areas throughout the Study Area (see Section 5.4.1,
Mitigation Areas for Seafloor ResousdeThis mitigation will consequently help avoid potential impacts
on invertebrates that feed on shallewater coral reefs and precious coral beds.

ESAlisted black abalonand white abalone occun portions of theSouthern CaliforniRangeComplex.
Potential impactson abalone would be limited to individuals accidentally ingesting small fragments of
exploded munitions as they scrape algae or biofilm off hard substrates in shallow water. Encounters
between abalone and munition fragmentsuld beunlikely kecause military expended materials are
primarily used far from shore, in the open oceé#rwould bepossible for military expended materials to
fall in offshore waters known to support white abalone, such as Tanner Bank. However, due to the low
overallpopulation density and the widgdispersediuse of expendable materials, the potential for
ingestionwould below. Pursuant to the ESA, the use of military expended materialgnitions during
testing activities as described under Alternative 1 would haveffect on ES#isted abalone species

3.4.3.6.1.2 Impacts from Military Expended Materials - Munitions Under Alternative 2

Impacts from Military Expended Materials - Munitions Under Alternative 2 for Training
Activities

The locations, types and number of expendhaititary munitions used, and potential ingestion effects
would be the same under Alternatives 1 and 2. Refer to Se@tih8.6.1.(Impacts from Mitary
ExpendedVaterials- MunitionsUnder Alternative 1jor a discussion of potential ingestion impacts
resulting from expendedilitary munitions associated with training activities.

As discussed in Secti@m.3.6.1.1(Impacts from Military Expended MaterialMunitions Under
Alternative 1) pursuant to the ESA, the use of military expended materiadanitions during training
activities aglescribed under Alternative 2 would have no effect on-E8&d abalone species
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Impacts from Military Expended Materials - Munitions Under Alternative 2 for Testing
Activities

The locations, typesnd number of expended military munitions used and i ingestion effects
would be the same under Alternatives 1 andR&fer to Sectio3.4.3.6.1.1(Impacts from Military
ExpendedVaterials- MunitionsUnder Alternative 1jor a discussion of potential ingestion impacts
resulting from expendedilitary munitions associated with testing activities.

As discussed in Secti@¥.3.6.1.1(Impacts from Military Expended MaterialMunitions Under
Alternative 1) pursuant to the ESA, the use of military expended materiadanitions during testing
activities as described under Alternative 2wa have no effect on ESisted abalone species

3.4.3.6.1.3 Impacts from Military Expended Materials - Munitions Under the No Action
Alternative

Impacts from Military Expended Materials - Munitions Under the No Action Alternative for
Training and Testing Activities

Under theNo ActionAlternative, the Navy would not conduct the proposed training and testing
activities in the HSTT Study Ar®arious physical ingestion stressors (e.g., military expended materials
munitions) would not be introduced into the marine\eronment. Therefore, baseline conditions of the
existing environment would either remain unchanged or would improve slightly after cessation of
ongoing training and testing activities.

3.4.3.6.2 Impacts from Military Expended Materials Other Than Munitions

Military expended materials other than munitions include a large number of items such as aerial
countermeasures, targets (surface and aerial), mine shapes, shipsmadKkdeceleratorsparachutes,
acoustic countermeasures, sonobuoys, and other various matetialsasorpedo accessories,

concrete slugs, markers, bathythermographs, and endcaps and pistons. Some expended materials are
recovered, including torpedoes, unmanned aerial systems, some targets, mine shapes, metal plates, and
bottom placed instruments. Mst expendable items, such as targets and target fragments, would sink to
the bottom, while materials such as Styrofoam or degraded plastic particles petdistat the surface

or in the water columrior some time. Ingestion is not likely for most miligaxpended materials

because they are too large to be consumed by most marine invertebrates. Though ingestion of intact
items on the bottom is conceivable in some circumstances (e.g., a relatively large invertebrate such as
an octopus or lobster ingestirmgsmall target fragment), such a scenario is unlikely due to the a@imal
ability to discriminate between food and ndood items. Similarly, it is unlikely that an invertebrate at

the surface or in the water column would ingest a relatively large expendedas it floats or sinks

through the watercolumn

Degradation of plastic materials could result in microplastic particles being released into the marine
environment over time. Eventually, depo$iteding, detritusfeeding, and filteffeeding invertebrées

could ingest these particles, and there is potential for some of the particles to be transferred up trophic
levels. Ingestion of plastic particles may result in negative physical and chemical effects to invertebrates.
Invertebrates outside the Study éa could encounter microplastic particles if plastic items drift with

ocean currents. Currently, overall populatitevel effects across a broad range of invertebrate species
from exposures to microplastic particlage uncertainKaposi et al., 2014Navy training and testing

activities would result in a small amount of plastic particles introduced to the marine environment
compared to other sources, as many military expended materials areamposed oplastic. The vast
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majority of marine debrisypvolume and ingestion potentiabnsists of or is derived from nanmilitary
items (Kershaw et al., 2011)

Marine invertebrates may occasionally encounter chaff fibers and incidentally ingest chaff when they
ingest prey or water. Literature reviews and controlled exments suggest that chaff poses little
environmental risk to marine organisms at concentrations that could reasonably occur from military
training andtesting (Arfsten et al., 2002; U.S. Department of the Navy, 1999)

3.4.3.6.2.1 Impacts from Military Expended Materials Other Than Munitions Under
Alternative 1

Impacts from Military Expended Materials Other Than Munitions Under Alternative 1 for
Training Activities

Under Alternative 1, a variety of potentially ingestible military expended materials would be released to
the marine environment by Navy training activities, including tafggments, chaffcanistersand flare
casings. These items could be expended throughout the Study &thaugh most would be expended

in the Hawaii Range Complexd Southern CaliforniRangeComplexComparatively few items would

be expended in the HSTT Transit Corriddie types of activities that would produce potentially

ingestible military expended materials are listed in Appendix B (Activity Stressor Matrices). The quantity
of military expended raterials associated with each training location is provided in Chapter 3 (Affected
Environment and Environmental Consequenca@g)eneral discussion of the characterist€ ingestible
materialsis provided in Section 3.0.3.3.6 (Ingestion Stressors).

Most invertebrates would not be able to ingest most intact expended items. Ingestion would be limited
to small items such as chaff, and fragments of larger items such as targets. Paeposietritusfeeding
invertebrates could potentially ingest small itetst have degraded to sediment size, gratticulate
metals may be taken up by suspension feeders. In addition, small plastic pieces may be consamed by
wide variety of invertebrates with diverse feeding methods (detritivores, planktivores, defeesiers,
filter-feeders, and suspensigireders)in the water column or on the bottonAdverse effects due to

metal pieces on the bottom or in the water column are unlikely. Microplastic particles could affect
individuals Althoughthe potential effects orinvertebrate populationsdue to microplastic ingestioare
currentlyuncertain Navy activities would result in a small amount of plastic particles introduced to the
marine environment compared to other sourcd3verall, impacts on invertebrate populations doe
military expended materials other than munitions would probably not be detectable.

ESAlisted abalonespeciesoccurin portions of theSouthern Californi®angeComplex. Potential

impactson abaloneswould be limited to individuals accidentally ingestismall fragments aflegraded
military expended materialas they scrape algae or biofilm off hard substrates in shallow water.
Materials are primarily expended far from shore, in the open océtamould bepossible for military
expended materials to fall in offshore waters known to support white abalone, such as Tanner Bank.
However, due to the lowverallpopulation density and thevidely dispersedise of expendable

materials, the potential for ingestiowould below. Pursuant to the ESA, the use of military expended
materials other than munitions during training activities as described under Alternative 1 would have no
effect on ESAisted abalone species

Impacts from Military Expended Materials Other Than Munitions Under Alternative 1 for
Testing Activities

Under Alternative 1, a variety of potentially ingestible military expended materials would be released to
the marine environment by Navy testing activities, including target fragments, daaiters and flare
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casings. These items could be expended throughoutthwaii Range Complexid Southern California
RangeComplexThe types of activities that would produce potentially ingestible military expended
materials are listed in Appendix B (Activressor Matrices). The quantity of military expended
materials associated with each testing location is provided in Chapter 3 (Affected Environment and
Environmental Consequences) general discussion of the characterist€ ingestible materials in
providedis Section 3.0.3.3.6 (Ingesti@tressors).

Most invertebrates would not be able to ingest most intact expended items. Ingestion would be limited
to small items such as chaff, and fragments of larger items. Dejpositdetritusfeeding invertebrates
could potentially ingest small items that have degraded to sediment sizepamidulatemetals may be
taken up by suspension feede&mall plastic pieces may be consumed by invertebrates with a wide
diversity of feeding methods in the water column ar the bottom. In addition, products resulting from
the breakdown of biodegradable polymer would be introduced to the water column.

The types of invertebrates that could ingest these particles would vary as the material degrades into
smaller particles witlincreasing amount of time in the watefAdverse effects due to metal pieces on

the bottom or in the water column are unlikelylicroplastic particles could affect individuals. Although
the potential effects on invertebrate populations due to microplastigeistion are currently uncertain,

Navy activities would result in a small amount of plastic particles introduced to the marine enviranment
Overall, impacts on invertebrate populations due to military expended materials other than munitions
would probablynot be detectable.

ESAlisted abalonespeciesoccur in portions of th&outhern Californi®angeComplex. Potential
impactson abaloneswould be limited to individuals accidentally ingesting small fragments of degraded
military expended materialas they srape algae or biofilm off hard substrates in shallow water.
Materials are primarily expended far from shore, in the open océtamould bepossible for military
expended materials to fall in offshore waters known to support white abalone, such as Eamler
However, due to théow overallpopulation density and thevidely dispersedise of expendable

materials, the potential for ingestiowould below. Pursuant to the ESA, the use of military expended
materials other than munitions during testing actig# as described under Alternative 1 would have no
effect on ESAisted abalone species

3.4.3.6.2.2 Impacts from Military Expended Materials Other Than Munitions Under
Alternative 2

Impacts from Military Expended Materials Other Than Munitions Under Alternative 2 for
Training Activities

Under Alternative 2, the locations and types of military expended materials used would be the same as
those of Alternative 1. Under AlternativetBere would be a smalhcrease in the number of some

items expendede.g., subsurface and surface targaten-explosive buoys and sonobuoysid small
deceleratorsparachute$in the Study AreaThis relatively small increase in the total number of items
expendedwould not be expected to result in substantive changes te tigpe or degree of impact:n
invertebrates.Refer to Sectiod.4.3.6.2.1(Impacts from Military Expended Materialther Than

Munitions UnderAlternative 1)or a discussion of potential ingestion impacts resulting from military
expended materials other than munitions associated with training activities.

As discussed in Secti@m.3.6.2.1(Impacts from Military Expended Materiasher Than Munitions
Under Alternative 1)pursuant to the ESA, the use of military expended materials other than munitions
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during training activities as desceith under Alternative 2 would have no effect on HiSted
abalonespecies

Impacts from Military Expended Materials Other Than Munitions Under Alternative 2 for
Testing Activities

Under Alternative 2, the locations and types of military expended matergdd would be the same as
thoseunderAlternative 1. Under Alternative 2, there would be a small increase in the numisenod

items expended (e.g., targetson-explosivebuoys andsonobuoysand smaldeceleratorsparachute$

in the Hawaii Range Complexd Southern Californi&angeComplex. This small increase in the total
number of items expendedould not be expected to result in substantive changes to the type or degree
of impactson invertebrates Refer to Sectio.4.3.6.2.1(Impacts from Military Expended Materials

Other Than Munitions Under Alternative I9r a discussion of potential ingestion impacts resulting from
military expended mateals other than munitions associated with testing activities.

As discussed in Secti@™.3.6.2.1(Impacts from Military Expended Materialther Than Munitions

Under Alternative 1)pursuant to the ESA, the use of military expended materials other than munitions
during testing activities as described under Alternative 2 would have no effect chsESIA
abalonespecies

3.4.3.6.2.3 Impacts from Military Expended Materials Other Than Munitions Under the No
Action Alternative

Impacts from Military Expended Materials Other Than Munitions Under the No Action
Alternative for Training and Testing Activities

Under theNo ActionAlternative, the Navy would not conductelproposed training and testing

activities in the HSTT Study Ar®arious physical ingestion stressors (e.g., military expended materials
other than munitions) would not be introduced into the marine environmditterefore, baseline
conditions of the exitng environment would either remain unchanged or would improve slightly after
cessation of ongoing training and testing activities.

3.4.3.7 Secondary Stressors

This section analyzes potential impacts on marine invertebrates exposed to stressors indirectly through
impacts on their habitat (sediment or water quality) or préhe assessment of potential water and
sediment quality stressors refers to previous sewsigSection 3.2, Sediments and Water Quality), and
addresses specific activities in local environments that may affect invertebrate hafitetserms

agindirect anddsecondary do not imply reduced severity of environmental consequences, but instead
describe how the impact may occur in an organism or its ecosySaessors from Navyaining and

testing activities that could pose indirect impactsmarine invertebrates via Hmtat or prey include:

(1) explosivesand explosive byproduct$2)chemicals other than explosiveand(3) metals.

Secondary or indirect stressors may impact benthic and pelagic invertebrates, gametes, eggs, and larvae
by changes to sediment and waterality. Physical and biological features of HiSt&edblack abalone

critical habitat are defined iBection3.4.2.2.1.1(Status and Management] hesdeaturesarerocky

substrate, food resources, juvenile settlement habitat, suitable water quality, and suitable nearshore
circulation patterns Exemptions fsim critical habitat designatioimcludeareasoffshore ofSan Nicolas

and San Clemente Islanddowever, exemption does not preclude analysis oflis8#d black abalones
Potential impactdo rocky substrate would bassociated with physical effects suchbasakage or
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covering Potential impacts to water quality would be associated viittnoduction of metal, plastic, or
chemical substances into the water column

Explosivesand Explosive Byroducts

Secondary impactsn invertebrates resulting from explosions at the surface, in the water column, or on
the bottom would be associated with changeshabitat structure and effects to prey species. Most
explosions on the bottom would occur in soft bottom habitat and would displace some amount of
sediment, potentially resulting in cratering. However, water movement would redistribute the affected
sedimentover time. A small amount of sediment would be suspended in the water column temporarily
but would resettle to the bottom. There would be no overall reduction in the surface area or volume of
sediment available to benthic species that occur on the bottrwithin the substrate. Activities that
inadvertently result in explosions on or near hard bottom habitat or reefs could break hard structures
and reduce the amount of colonizing surface available to encrusting organisms (e.g., corals, sponges).

Explosios in the water column or on the bottom could impact invertebrate prey spe&wae species

of most invertebrate taxa prey upon other invertebrate species, with prey items ranging in size from
zooplankton to relatively large shrimps and crabs. Therefara,strict sense, mortality to invertebrate
species resulting from an explosion may represent a reduction in prey to other invertebrate species. A
few invertebrates such as squid and some jellyfish prey upon fish, although jellyfish capture fish
passivelyather than through active pursuit. Therefore, fish mortality resulting from an explosion would
reduce the number of potential prey itenfier invertebrates that consume fistn addition to mortality,

fish located near a detonation would likely be startbatd leave the area, temporarily reducing prey
availability until the affected area is repopulated.

Someinvertebrates (e.g., worms, crustaceans, sea stars) are scavengers that would feed on any
vertebrate or invertebrate animal that is killed or signifidg impaired by an explosion. Therefore,
scavenging invertebrates that are not killed or injured themselves could benefit from physical impacts
on other animals resulting from explosions in the water column or on the bottom.

High-order explosions consuntaost of the explosive materideaving only small or residual amounts of
explosives andombustion productsMost of thecombustion productsf trinitrotoluene (i.e., TNT),
such as carbon dioxide and nitrogeme common seawater constituentalthough oher products such
as carbon monoxide are also produg@kcker, 19950ther explosive compounds may produce
different combustion productsill combustion products are rapidly diluted by ocean currents and
circulation (see Section 321,Explosives and ExplosivepByducts. Therefore, &plosivesbyproducts
from high-order detonationsvould not degrade sediment or water quality or resulindirect stressors
to marine invertebrates. Lowrder detonations and unexploded munitions present an elevated
potential foreffects on marine inverterates. Deposition of undetonated explosive materials into the
marine environment can be reasonably estimated by the known failure an@tder detonation rates
of highexplosives$ection 3.2.3.1, Explosives and Explosivesodycts). Explosive materialot
completely consumed during a detonation from munitions disposal and mine clearing training are
collected afterthe activities arecompleted; therefore, potential impacts arkkelyinconsequential and
not detectable for these activities.

Exposure taelatively high concentrationsf various explosive materials in sediments and in the water
may result in lethal and sdlethal effects to invertebrates. The type and magnitude of effects appear to
be different among various invertebrate species and ase atfluenced by the type of explosive

material and physical characteristics of tiéected water and sediment. For example, lethal toxicity has

3.4-103
3.4 Invertebrates



HawairSouthern California
Training and Testing Final EIS/OEIS October 2018

been reported in some invertebratpecieqe.g., the amphipodEohaustorius estuarijigxposed to
trinitrotoluene (i.e.,TNT)while mortality has not been found in other speciesy., the polychaete

worm Neanthes arenaceodentataeven when exposed to very high concentratiResen & Lotufo,
2005) Exposure to wateborne explosive materials has been found to afiegiroduction or larval
development in bivalve, sea urchin, and polychaete worm spécasifo et al., 2013)Iinvertebrates on
the bottom may be exposed to explosive materials by ingesting contaminated sediment particles, in
addition to being exposed to materials in the overlying water column or in voids in the sediment (for
burrowing invertebrates). However, toxicity and other dathal effects have often been associated
with exposureto higher concentrations aéxplosive matealsthan the concentrations expectdd

occur in marine or estuarine waters of the Stuslgadue to training and testing activities

Indirect impacts of explosives and unexploded munitions on marine invertebrates via sediment are
possible near the muritins.Rosen and Lotufo (2018xposed mussels and depegtding amphipods

and polychaete worms to levels of TNT and royal demolition explosive potentially associated with a
breached munition or lovorder detonation. The authors found concentrations in the sediment above
toxicity levels within aboutl in. of the materials, although no statistical increase in mortality was
observed for any specie€oncentrationgausingoxicity were not foundin the water columnExplosive
material in the marine environment is readily degradedseaseral biotic and abiotic pathways, as
discussed in Section 3.2.3.1 (Explosives and ExplosimexiBgts).The results of studies of explosive
material deposition at munitions disposal sites and active military water ranges suggest that explosives
and eylosives residues pose little risk to fauna living in direct contact with munitions, and that
sediment is not a significant sink for these mater{#lslley et al., 2016; Koide et al., 2016; Sr&ith

Marx, 2016) Munitions constituents and degradation products would likely be detectable only within a
few feet of a degrading munition, and tispatialrange of toxicsediment conditiongould be less

(inches) It has been sugested thatthe risk of toxicityto invertebrates in realistic exposure scenarios is
negligible(Lotufo et al., 2013)ndirect impacts of explosives and unexploded munitions on marine
invertebrates via water are likely to bedonsequential. Most explosives and explosive degradation
products have relatively low solubility in seawater. This means that dissolution occurs extremely slowly,
and harmful concentrations of explosives and degradation products are not likebctoin the water
column Also, the low concentration of materials delivered slowly into the water column is readily
diluted by ocean currents and would be unlikely to concentrate in toxic levels. Filter feeders such as
sponges or some marine wormsuld be exposd to chemical byproducts onig the immediate

vicinity of degrading explosivésches or less) due to the low solubility and dilution by water currents
While marine invertebrates may be adversely impacted by the indirect effects of degrading explosives
via water, this is unlikely in realistic scenarios

Impacts on marine invertebrates, including zooplankton, eggs, and larvae, arelikglyithin a very
small radius of the munitiompptentially inchey These impacts may continue as the munition delgs
over decades (Section 3.2.3.1, Explosives and ExplosipexiBgts). Because most munitions are
deployed as projectiles, multiple unexploded or lovder detonations would not likely accumulate on
spatial scales as small as feet to inches; therefoogential impacts are likely to remain local and widely
separated. Explosives, explosiygproducts and unexploded munitions would therefogenerallynot

be present in theshabitats

Chemicals Other Than Explosives

Several Navy training and testindiaities introduce potentially harmful chemicals into the marine
environment, primarily propellants and combustion products, other fuels, polychlorinated biphianyls
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target vesselsother chemicals associated with munitions, and simulants (Section3.€lgemicals

Other Than Explosives). Ammonium perchlorate (a rocket and missile propellant) is the most common
chemical used. Perchlorate is known to occur naturally in nitrate salts, subbsefrom Chile, and it

may be formed by atmospheric processesls as lightning and reactions between ozone and sodium
chloride in the air (associated with evaporated seawatBgsgupta eal., 2005; Sijimol & Mohan, 2014,
U.S. Environmental Protection Agency, 20RErchlorate may impact metabolic processes in plants and
animals. Effects haveeen found in earthworms and aquatic (freshwater) ins¢8tsith, 2002;

Srinivasan & Viraraghavan, 2008lthough effects specific to marine invertebrates are unknown. Other
chemicals with potential for adverse effects to invertebrates include some propellant comtustio
products such as hydrogen cyanide and ammonia.

Potential impact®n sediments and seawater resulting from use of chemicals are discussed in Section
3.2.3.2 (Chemicals Other Than Explosives). Rockets and missiles are highly efficient at consuming
propellants for examplepver 99.9 percent of perchlorate is typically consumaat), therefore, very

little residual material would enter the water columAdditionally, perchlorate does not readily absorb
into sediments, potentially reducing the risk to depesind detritusfeeding invertebratesTorpedoes

are expended in the water antherefore, torpedo propellant (e.g., Otto Fuel II) combustion products
would enter the marine environmenOverall, analysis concludes that impaotssediments and water
guality would be minimal for several reasons. The size of the area affected is largiaredore,

chemicals would not be concentrated. Most propellant combustion byproducts are benign, and those of
concern (e.g., hydrogen cyanide) would be quickly dilutedstypropellants are consumed during

normal operations, and the failure rate of munitions using propellants and other combustible materials
is low. Most byproducts ddtto Fuel Il combustionccur naturally in seawateand most torpedoes are
recovered afte use limiting the potential for unconsumed fuel to enter the watén addition, most
constituents are readily degraded by biotic and abiotic processes. Concentrations of chemicals in
sediment and water are not likely to cause injury or mortality to mainvertebrates, gametes, eggs, or
larvae

Target vessels are only used during sinking exercises, which occur infrequently. Polychlorinated
biphenylsmay be presenin certain solid materials (e.g., insulation, wires, felts, and rubber gaskets) on
targetvessels Thevessels are selected from a list of Naapproved vessels that have been cleaned in
accordance with USEPA guidelingsking exercisemust be conducted at least 50 NM offshore and in
water at least 6,000 ft. deep. USEPA estimates that ahirasid 00 Ib. of polychlorinated biphenyls
remain onboard sunken target vessels. USEPA considers the contaminant levels released during the
sinking of a target to be within the standards of the Marine Protection, Research, and Sanctuaries Act
(16 United Staes Codel341, et seq.). Under a 2014 agreement with USEPA, the Navy will not likely use
aircraft carriers or submarines as the targets for a sinking exersssdiscussed in Section 3.2.3.2
(Chemicals Other Than Explosivéased on these considerationgolychlorinated biphenylare not
evaluatedfurther asa secondary stressor to invertebrate habitats

Metals

Certain metals and metalontaining compoundée.g., cadmium, chromium, lead, mercury, zinc, coppetr,
manganese, and many others)e harmful to narine invertebrates avariousconcentrations above
background levelgChan et al., 2012; Negri et al., 2002; Wang & Rainbow, 2668gxample,
physiological effects in crabs, limpets, and mussels due to copper exposure were rejBvce et al.,
2004) although the effects were found at concentrations substantiatiyhér than those likely to be
encountered due to Navy expended materiditetals are introduced into seawater and sediments as a
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result of training and testing activities involving vessel hulks, targets, munitions, and other military
expended materials (geSectior8.2.33, Metals).Some effects due to metals result from the
concentrating effects of bioaccumulation, which is not discussed in this seBimaccumulation issues
are discussed in thEcosystem Technical Report for the HaxBalithern Califoria Training and Testing
(HSTT) Environmental Impact Statem@htS. Department of the Navy, 20138gcondary effects may
occur when marine invertebrates aexposed by contact with the metalpntact with trace amounts in
the sediment or water (e.g., from leached metals), and ingestion of contaminated sediments

Because metal®end to precipitate out of seawater amaften concentrate in sediments, potential

adverse indirect impacts are muclone likely via sediment than watéZhao et al., 2012However,

studies have found the concentrations of metals in the sedimentsilitry ranges (e.gNavy training
areassuch as Vieques, Puerto Rios munitions disposal sitewhere deposition of metals is very hijgh

to rarelybe abovebiological effectdevels(Section 3.2.3, Metals).For example,@searchersampled

areas associated with Vieques in which live ammunition and weapons wereandddund generally

low conceftrations of metals in the sedimeriKelley et al., 2016; Pait et &010) Comparison with
guidelines suggested by the National Oceanic and Atmospheric Adminis@atlational Status and
Trends Program showed that average metal concentrations were below threshold effects levels for all
constituents except copper, and were below probable effects levels for all constitUéres.

concentration of munitions at Vie@s issubstantially greater than would occur in the HSTT Study Area.
Evidence from a number of studiasmilitary ranges and disposal sitieslicates metal contamination is
very localizedBriggs et al., 2016; Kelley et al., 2016; Keioa., 2016)Impactson invertebrates, eggs,

or larvaewould likely be limited to exposure in theediment within a few inchesf the object.Refer to
Section 3.2.3.3 (Metals) for more detailed study results of metal contamination in sediments at military
ranges.

Concentrations of metals in seawat&fifected by Navy training and testing activite® unlikely to be
high enouglto cause injury or mortality to marine invertebraté®enthic nvertebrates occurringery
near (within a few inchesf) Navyderivedmaterialson the seafloor could be impactdry associated
metal concentrations, but this expectedo affectrelativelyfew individuals

3.4.3.7.1 Impacts on Habitat

As discussed in Secti@m.3.7(Secondary Stressors), impacts on invertebrate habitat resulting from
explosives, explosives byproducts, unexploded munitions, metals, and chemicals would be minor
overall and the possibility of populatictevelimpacts on marine invertebrates is remote. Explosions
would temporarily disturb soft bottom sedimentandexplosions that might occur on unknown hard
bottom areas wuld potentially damage hard structurekhe effectsof these activitiesvould likely be
undetectable at the population or subpopulation le¥et widespread or common invertebrate species
The potential for impacts would be of greater concern for species with limited spatial distribution, such
as abalones. Potential impaais ESAlisted abalom species are discussed beldndividual

invertebrates could be killed, injured, or experience physiological effects due to exposure to metals and
chemical materials (including explosives materials) in the water column or on the bottom, but these
effectswould be very localized.

Deposition of metal materials would provide new hard substrate that could be colonized by encrusting
invertebrates (e.g., sponges, barnacles, hydrozoans, corals). The increased area of artificial hard habitat
could therefore provid a benefit to some invertebrate specigbhough similar to the preceding

discussion, any positive impacts would likely be undetectable at the population lieweldition,
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invertebrate communities on artificial substrate may be different than thosadon adjacent natural
substrate.

The potential for explosions occurring near the surface to damage seafloor resources sucHiste ESA
coral habitat is considered negligible. The largest explosives are used more than 12 NM from shore
where water depths typically greater than 90 m, and explosive effects would not extend to the bottom
at locations seaward of the coastal zone due to vertical compression of explosive impacts around the
detonation point. Bottom gplosions would not occur on knowime hard bottom areas. Therefore,
impactson habitat potentially supporting ESiAted abalonespeciesvould be limited to activities that

are inadvertently conducted on or near unknown habitat areas. Any impadtsrd structure could
reduce the amount of agljuate substrate available to the black abalone. Hard substrate is considered
an essentiaphysical featuref black abalone critical habitaflthough critical habitat is not designated
for white abalone, hard structure is an important habitat featuretfis species as welDue to the
possibility of inadvertent impacisn hard structure, explosions may affect Elfsfed abalone species.

The Navyhas consultedvith NMFSas required byection {a)(2) of theESA.

3.4.3.7.2 Impacts on Prey Availability

As discusseh Sectior3.4.3.7(Secondary Stressors), impacts on invertebrate prey availafidding
vegetation and phytoplanktonksulting from exploses, explosives byproducts, unexploded munitions,
metals, and chemicals would likely be negligible overall and populia impacts on marine
invertebrates are not expected. Because individuals of many invertebrate taxa prey on other
invertebrates, matality resulting from explosions or exposure to metals or chemical materials would
reduce the number of invertebrate prey items available. A few species prey upon fish, and explosions
and exposure to metals and chemical materials could result in a medaiction in the number of fish
available However,asdiscussed in Section 3.6.3.7 (Second&rgssor} explosive materials, metals,

and chemicalsvould have a negligible effect on fishes. Therefore, secondary effects to invertebrates
due to reduced fislprey availability are unlikehAny vertebrate or invertebrate animal killed or
significantly impaired by Navy activities could potentially represent an increase in food availability for
scavenging invertebrates. None of the effects described above Wikalg be detectable at the
population or subpopulation levePursuant to the ESA, potential effects to prey availability would have
no effect on ES#isted abalone species.

3.4.4 SUMMARY OF POTENTIAL IMPACTS ON INVERTEBRATES
3.4.4.1 Combined Impacts of All Stressors Under Alternative 1

As described in Section 33® (Resourcépecific Impacts Analysis for Multiple Stressors), this section
evaluates the potential for combined impacts of all stressors fronPtheosedAction. The analysis and
conclusions for the potential impacts from each of the individual stressors are discussed in the sections
above and, for ESA listed species, summarized in S&dd(Endangered Species Act Determinations).
Stressors associated with Navy training and testing activities do not typically occur in isolation but rather
occur in some combination. For example, mine neutralization activitiesde@lements 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 addditive stressors and synergistitressors as described belowvl his analysis makes the
assumption that the majority of exposures to stressors are-ledimal, and instead focuses on

consequences potentially impacting the organ@itness (e.g., physiology, behaviteproductive

potential). Invertebrates in the Study Area could potentially be impacted by introduction of invasive
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species due to direct predation, competition for prey, or displacement from suitable habitat. Invasive
species could be introduced by grdwbn vessel huller dischargs of bilge water. Refer to Section
3.2.1.2.2 (Federal Standards and Guidelines) for a discussion of naval vessel discharges.

There are generally two ways that a marine invertebrate could be exposed to multiple additive
stressa@s. The first would be if an invertebrate were exposed to multiple sources of stress from a single
event or activity within a single testing or training event (e.g., a mine warfare event may include the use
of a sound source and a vessel). The potentiahfoombination of these impacts from a single activity
would depend on the range to effects of each of the stressors and the response or lack of response to
that stressor. Most of the activities proposed under Alternative 1 generally involve the usevofgno
platforms (e.g., ships, torpedoes) that may produce one or more stressors; therefore, if invergebrate
were within the potential impact range of those activititisey may be impacted by multiple stressors
simultaneously. Individual stressors that wowtherwise have minimal to no impact, may combine to
have a measurable response. However, due to the wide dispersion of stressors, speed of the platforms,
and general dynamic movement of many training and testing activities, it is unlikely that a pelagic
mobile marine invertebrate would occur in the potential impact range of multiple sources or sequential
exercises. Impacts would be more likely to occur to sessile andstung species, and in areas where
training and testing activities are concerted (e.g., near naval port facilities, anchorages, and mine
ranges)

Secondly, an invertebrate could be exposed to multiple training and testing activities over the course of
its life. It is unlikely that mobile or migratory marine invertebrates that oeditinin the water column

would be exposed to multiple activities during their lifespmatause they are relatively shdited, and

most Navy training and testing activities impact small, widédpersed areas, often during the day

when many pelagic invesbrates have migrated away from the surface. It is much more likely that
stationary organisms or those that only move over a small range (e.g., corals, sponges, worms, and sea
urchins) would be exposed to multiple stressors for a prolonged duration. Adéwities occur at a

fixed point (e.g., port security training, pierside sonar testing), and could potentially affect the same
sessile or sedentary individual invertebrates. However, due to invertebrate distribution and lifespan, few
individuals comparetb overall population size would likely be affected repeatedly by the same

stressor, and the impacts would be mostly HAethal. Other Navy activities may occur in the same

general area (e.g., gunnery activities), but do not occur at the same specifieepoh time and would
therefore be unlikely to affect the same individual invertebrates.

Multiple stressors may also have synergistic effdets.example, although it has been suggested that
military activitiesmaycontribute to coral decline, global impacts ateven primarily by synergistic
impacts ofpollution, overfishing, climate change, sedimentation, and naturatigurring stressors such
as predator outbreaks and storms, among other fac{@®an et al., 2014; Muthukrishnan & Fong, 2014)
As discussed in the analyses above, mariweriebrates are not particularly susceptible to energy,
entanglement, or ingestion stressors resulting from Navy activities; thereforgadtential for Navy
stressors to result in additive or synergistic consequences is most likely limited to acdugsicap

strike and disturbance, and secondary stressohe potential synergisticiteractionsof multiple
stressors resulting from Navy activitiase difficult to predictquantitatively. Even for shallowvater
corals, an exceptionally wedtudied resouce, predictions of the consequences of multiple stressors are
semiquantitative and generalized predictions remain qualitaijMeighes & Connell, 1999; Norstrom et
al., 2009)
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Although potential impacts on marine invertebrate species from training and testing activities under
Alternative 1 may include injury and mortality, in addition to other effects such as physiological stres
masking, and behavioral effects, the impacts are not expected to lead tedomgconsequences for
invertebrate populations or subpopulations. The number of invertebrates impacted is expected to be
small relative to overall population sizes, and woodd be expected to yield any lasting effects on the
survival, growth, recruitment, or reproduction of any invertebrate species. The potential impacts
anticipated on EShsted species from Alternative 1 are summarized in Se&idrb(Endangered

Species Act Determinations). For a discussion of cumulative impacts, see Chapter 4 (Cumulative
Impacts). For a discussion of mitigation, see Chapter 5 (Mitigation).

3.4.4.2 Combined Impacts of All Stressors Under Alternative 2

Training and testing activities proposed under Alternative 2 would represent an increase over what is
proposed for Alternative 1. Howevehese minor differences amsot expected to substantially increase

the potential for impacts over what is analyzed for Alternative 1. The analysis presented in Section
3.4.4.1(Combined Impas of All Stressors Under Alternative 1) would similarly apply to Alternative 2.
The combined impacts of all stressors for training and testing activities under Alternativa@tare
expected to lead to longerm consequences fdnvertebratepopulationsor subpopulationsThe

number of invertebrates impacted is expected to be small relative to overall population sizes and would
not beexpected to yieldny lasting effects on the survival, growth, recruitment, or reproductioanyf
invertebratespecies

3.4.4.3 Combined Impacts of All Stressors Under the No Action Alternative

Under the No Action Alternativéhe Navy would not conduct the proposéaining ortesting activities

in the HSTTStudy AreaAll gressorsassociated with Navy training and testiactivities would not be
introduced into the marine environment. Therefore, baseline conditions of the existing environment
would either remain unchanged or would improve sliglatfier cessation of ongoing training and testing
activities.

3.4.5 ENDANGERED SPECIES ACT DETERMINATIONS

Pursuant to the ESA, the Navy has consulted with NMFS on Alternative 1 (the Preferred Alternative) as
required by section 7(a)(2) of the ESA and determined that training and testing activities mayteffect
black and whiteabalone and may agtt designated black abalone critical hahitat
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