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APPENDIXC  ACOUSTIC AND NON-ACOUSTIC EFFECTS
SUPPORTING INFORMATION

C1 Biological Resource Methods

The analysis of reasonably foreseeable effects on biological resources focused on the likelihood
of encountering the stressor, the primary stimulus, response, and recovery of individual
organisms. Where appropriate, the potential of a biological resource to overlap with a stressor
was analyzed with consideration given to the specific geographic area (large marine
ecosystems, open ocean areas, range complexes, Study Areas, and other training and testing
areas) in which the overlap could occur. Additionally, the differential effects of training versus
testing activities that introduce stressors to the resource were considered.

Information supporting the analysis of effects from energy, physical disturbance and strike,
entanglement, ingestion, and secondary stressors on all biological resources is presented in this
appendix. Supporting information on the analysis of effects from acoustic and explosive
stressors on vegetation, invertebrates, marine habitats, and birds is also presented in this
section; however, effects from acoustic and explosive stressors on marine mammals, fishes, and
sea turtles is provided in the technical report, Scientific Background for Assessing Acoustic and
Explosive Effects on Fishes, Marine Mammals, and Reptiles (U.S. Department of the Navy,
2026b).

For each of the non-biological resources considered in this Supplemental Environmental Impact
Statement/Overseas Environmental Impact Statement (SEIS/OEIS), the methods are unique to
each specific resource and are therefore described in each resource section.

C.1.1 Conceptual Framework for Assessing Effects from Energy Stressors
C.1.1.1 Stimuli
C.1.1.1.1 Magnitude of the Energy Stressor

Regulations do not provide threshold criteria to determine the significance of the potential
effects from activities that involve the use of varying electromagnetic frequencies or lasers.
Many organisms, primarily marine vertebrates, have been studied to determine their
thresholds for detecting electromagnetic fields, as reviewed by Normandeau et al. (2011);
however, there are no data on predictable responses to exposure above or below detection
thresholds. The types of electromagnetic fields discussed are those from mine neutralization
activities (magnetic influence minesweeping). High-energy and low-energy lasers were
considered for analysis. Low-energy lasers (e.g., targeting systems, detection systems, laser
light detection and ranging) do not pose a risk to organisms (U.S. Department of the Navy,
2010b) and, therefore, will not be discussed further. Radar was also considered for analysis and
was determined not to pose a risk to biological resources.

C.1.1.1.2 Location of the Energy Stressor

Evaluation of potential energy exposure risks considered the spatial overlap of the resource
occurrence and electromagnetic field and high-energy laser use. Wherever appropriate, specific
geographic areas of potential effect were identified and the relative location of the resource

C-1
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with respect to the source was considered. For example, the greatest potential electromagnetic
energy exposure is at the source, where intensity is greatest and the greatest potential for high
energy laser exposure is at the ocean’s surface, where high-energy laser intensity is greatest. All
light energy, including laser light, entering the ocean becomes absorbed and scattered at a rate
that is dependent on the frequency of the light. For most laser applications, the energy is
rapidly reduced as the light penetrates the ocean.

C.1.1.1.3 Behavior of the Organism

Evaluation of potential energy exposure risk considered the behavior of the organism,
especially where the organism lives and feeds (e.g., surface, water column, seafloor). The
analysis for electromagnetic devices considered those species with the ability to perceive or
detect electromagnetic signals. The analysis for high-energy lasers and radar particularly
considered those species known to occur at or above the surface of the ocean.

C.1.1.2 Immediate Response and Costs to the Individual

Many different types of organisms (e.g., some invertebrates, fishes, turtles, birds, mammals)
are sensitive to electromagnetic fields (Normandeau et al., 2011). An organism that encounters
a disturbance in an electromagnetic field could respond by moving toward the source, moving
away from it, or not responding at all. The types of electromagnetic devices used in the
Proposed Action simulate the electromagnetic signature of a vessel passing through the water
column, so the expected response would be similar to that of vessel movement. However, since
there would be no actual strike potential, a physiological response would be unlikely in most
cases. Recovery of an individual from encountering electromagnetic fields would be variable,
but since the physiological response would likely be minimal, as reviewed by Normandeau et al.
(2011), any recovery time would also be minimal.

Very little data are available to analyze potential effects on organisms from exposure to high
energy lasers. For all but the highest-energy lasers, the greatest laser-related concern for
marine species is damage to an organism’s ability to see.

C.1.1.3 Long-Term Consequences to the Individual and Population

Long-term consequences are considered in terms of a resource’s existing population level,
growth and mortality rates, other stressors on the resource from the Proposed Action,
cumulative effects on the resource, and the ability of the population to recover from or adapt
to effects. Effects of multiple or repeated stressors on individuals are cumulative.

C.1.2 Conceptual Framework for Assessing Effects from Physical Disturbance and Strike
Stressors

C.1.2.1 Stimuli
C.1.2.1.1 Size and Weight of the Objects

To determine the likelihood of a strike and the potential effects on an organism or habitat that
would result from a physical strike, the size and weight of the striking object relative to the
organism or habitat must be considered. For example, most small organisms and early life
stages would simply be displaced by the movement generated by a large object moving
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through, or falling into, the water, whereas a larger organism could potentially be struck by an
object since it may not be displaced by the movement of the water. The weight of the object is
also a factor that would determine the severity of a strike. A strike by a heavy object would be
more severe than a strike by a low-weight object (e.g., a decelerator/parachute, flare end cap,
or chaff canister).

C.1.2.1.2 Location and Speed of the Objects

Evaluation of potential physical disturbance or strike risk considered the spatial overlap of the
resource occurrence and potential striking objects. Analysis of effects from physical disturbance
or strike stressors focuses on proposed activities that may cause an organism or habitat to be
struck by an object moving through the air (e.g., aircraft), water (e.g., vessels, in-water devices,
towed devices), or dropped into the water (e.g., non-explosive practice munitions and seafloor
devices). The area of operation, vertical distribution, and density of these items also play
central roles in the likelihood of effect. Wherever appropriate, specific geographic areas of
potential effect are identified. Analysis of potential physical disturbance or strike risk also
considered the speed of vessels as a measure of intensity. Some vessels move slowly, while
others are capable of high speeds.

C.1.2.1.3 Buoyancy of the Objects

Evaluation of potential physical disturbance or strike risk in the ocean considered the buoyancy
of targets or expended materials during operation, which will determine whether the object
will be encountered at the surface, within the water column, or on the seafloor.

C.1.2.1.4 Behavior of the Organism

Evaluation of potential physical disturbance or strike risk considered where organisms occur
and if they occur in the same geographic area and vertical distribution as those objects that
pose strike risks.

C.1.2.2 Immediate Response and Costs to the Individual

Before being struck, some organisms would sense a pressure wave through the water and
respond by remaining in place, moving away from the object, or moving toward it. An organism
displaced a small distance by movements from an object falling into the water nearby would
likely continue on with no response. However, others could be disturbed and may exhibit a
generalized stress response. If the object actually hit the organism, direct injury in addition to
stress may result. The function of the stress response in vertebrates is to rapidly raise the blood
sugar level to prepare the organism to flee or fight. This generally adaptive physiological
response can become a liability if the stressor persists and the organism cannot return to its
baseline physiological state.

Most organisms would respond to sudden physical approach or contact by darting quickly away
from the stimulus. Other species may respond by freezing in place or seeking refuge. In any
case, the individual must stop whatever it was doing and divert its physiological and cognitive
attention to responding to the stressor. The energy costs of reacting to a stressor depend on
the specific situation, but in all cases the caloric requirements of stress reactions reduce the
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amount of energy available to the individual for other functions such as predator avoidance,
reproduction, growth, and metabolism.

The ability of an organism to return to what it was doing following a physical strike (or near
miss resulting in a stress response) is a function of fitness, genetic, and environmental factors.
Some organisms are more tolerant of environmental or human-caused stressors than others
and become acclimated more easily. Within a species, the rate at which an individual recovers
from a physical disturbance or strike may be influenced by its age, sex, reproductive state, and
general condition. An organism that has reacted to a sudden disturbance by swimming at burst
speed would tire after some time; its blood hormone and sugar levels may not return to normal
for 24 hours. During the recovery period, the organism may not be able to attain burst speeds
and could be more vulnerable to predators. If the individual were not able to regain a steady
state following exposure to a physical stressor, it may suffer depressed immune function and
even death.

C.1.2.3 Long-Term Consequences to the Population

Long-term consequences are considered in terms of a resource’s existing population level,
growth and mortality rates, other stressors on the resource from the Proposed Action,
cumulative effects on the resource, and the ability of the population to recover from or adapt
to effects. Effects of multiple or repeated stressors on individuals are cumulative.

C.1.3 Conceptual Framework for Assessing Effects from Entanglement Stressors
C.1.3.1 Stimuli
C.1.3.1.1 Physical Properties of the Objects

For an organism to become entangled in military expended materials, the materials must have
certain properties, such as the ability to form loops and a high breaking strength. Some items
could have a relatively low breaking strength on their own, but that breaking strength could be
increased if multiple loops were wrapped around an entangled organism.

C.1.3.1.2 Physical Features of the Resource

The physical makeup of the organism itself is also considered when evaluating the risk of
entanglement. Some species, by their size or physical features, are more susceptible to
entanglement than others. For example, more rigid bodies with protruding snouts (e.g.,
hammerhead shark) or large, rigid fins (e.g., humpback whale) would have an increased risk of
entanglement when compared to species with smoother, streamlined bodies such as lamprey
or eels.

C.1.3.1.3 Location of the Objects

Evaluation of potential entanglement risk considered the spatial overlap of the resource
occurrence and military expended materials. Distribution and density of expended items play a
central role in the likelihood of effect. Wherever appropriate, specific geographic areas of
potential effect are identified.
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C.1.3.1.4 Behavior of the Organism

Evaluation of potential entanglement risk considered the general behavior of the organism,
including where the organism typically occurs (e.g., surface, water column, seafloor). The
analysis particularly considered those species known to become entangled in nonmilitary
expended materials (e.g., “marine debris”) such as fishing lines, nets, rope, and other derelict
fishing gear that often entangle marine organisms.

C.1.3.2 Immediate Response and Costs to the Individual

The potential effects of entanglement on a given organism depend on the species and size of
the organism. Species that have protruding snouts, fins, or appendages are more likely to
become entangled than smooth-bodied organisms. Also, items could get entangled by an
organism's mouth, if caught on teeth or baleen, with the rest of the item trailing alongside the
organism. Materials similar to fishing gear, which is often designed to entangle an organism,
would be expected to have a greater entanglement potential than other materials. An
entangled organism would likely try to free itself of the entangling object and in the process
may become even more entangled, possibly leading to a stress response. The net result of
being entangled by an object could be disruption of the normal behavior, injury due to
lacerations, increased risk of predation, and other sublethal or lethal effects.

C.1.3.3 Long-Term Consequence to the Individual and Population

Consequences of entanglement could range from an organism successfully freeing itself from
the object or remaining entangled indefinitely, possibly resulting in lacerations and other
sublethal or lethal effects. Stress responses or infection from lacerations could lead to latent
mortality. The analysis will focus on reasonably foreseeable long-term consequences of the
direct effect, particularly those that could affect the fitness of an individual. Changes in an
individual’s growth, survival, annual reproductive success, or lifetime reproductive success
could have population-level effects if enough individuals are affected. This population-level
effect would vary among species and taxonomic groups.

C.1.4 Conceptual Framework for Assessing Effects from Ingestion Stressors
C.1.4.1 Stimuli
C.1.4.1.1 Size of the Objects

To assess the ingestion risk from military expended materials, this analysis considered the size
of the object relative to the animal’s ability to swallow it. Some items are too large to be
ingested (e.g., non-explosive practice bombs and most targets) and effects from these items are
not discussed further. However, these items may potentially break down into smaller ingestible
pieces over time. Items that are of ingestible size when they are introduced into the
environment are carried forward for analysis within each resource section where applicable.

C.1.4.1.2 Location of the Objects

Evaluation of potential ingestion risk considered the spatial overlap of the resource occurrence
and military expended materials. The distribution and density of expended items play a central
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role in the likelihood of effect. Wherever appropriate, specific geographic areas of potential
effect were identified.

C.1.4.1.3 Buoyancy of the Objects

Evaluation of potential ingestion risk considered the buoyancy of military expended materials
to determine whether the object will be encountered within the water column (including the
surface) or on the seafloor. Less buoyant materials, such as solid metal materials (e.g.,
projectiles or munitions fragments), sink rapidly to the seafloor. More buoyant materials
include less dense items (e.g., target fragments and decelerators/parachutes) that may be
caught in currents and gyres or entangled in floating algal mats. These materials can remain in
the water column for an indefinite period of time before sinking. However,
decelerators/parachutes are weighted and would generally sink, unless that sinking is
suspended, in the scenario described here.

C.1.4.1.4 Feeding Behavior

Evaluation of potential ingestion risk considered the feeding behavior of the organism,
including where (e.g., surface, water column, seafloor) and how (e.g., filter feeding) the
organism feeds and what it feeds on. The analysis particularly considered those species known
to ingest nonfood items (e.g., plastic or metal items).

C.1.4.2 Immediate Response and Costs to the Individual

Potential effects of ingesting foreign objects on a given organism depend on the species and
size of the organism. Species that normally eat spiny hard-bodied invertebrates would be
expected to have tougher mouths and guts than those that normally feed on softer prey.
Materials similar in size and shape to the normal diet of an organism may be more likely to be
ingested without causing harm to the animal; however, some general assumptions were made.
Relatively small objects with smooth edges, such as shells or small-caliber projectiles, might
pass through the digestive tract without causing harm. A small sharp-edged item may cause the
individual immediate physical distress by tearing or cutting the mouth, throat, or stomach. If
the object is rigid and large (relative to the individual’s mouth and throat), it may block the
throat or obstruct digestive processes. An object may even be enclosed by a cyst in the gut
lining. The net result of ingesting large foreign objects is disruption of the normal feeding
behavior, which could be sublethal or lethal.

C.1.4.3 Long-Term Consequences to the Individual and Population

The consequences of ingesting nonfood items could be nutrient deficiency, bioaccumulation,
uptake of toxic chemicals, compaction, and mortality. The analysis focused on reasonably
foreseeable long-term consequences of the direct effect, particularly those that could affect the
fitness of an individual. Changes in an individual’s growth, survival, annual reproductive
success, or lifetime reproductive success could have population-level effects if enough
individuals were affected. This population-level effect would vary among species and taxonomic
groups.
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C.1.5 Conceptual Framework for Assessing Effects from Secondary Stressors

This conceptual framework describes the potential effects to marine species exposed to
stressors indirectly through effects on habitat and prey availability (e.g., sediment or water
quality, and physical disturbance). Stressors from military readiness activities could pose
indirect effects on marine biological resources via indirect effects to habitat or to prey. These
include indirect effects from (1) explosives, explosion byproducts, and unexploded munitions;
(2) metals; (3) chemicals; and (4) transmission of disease and parasites. The methods used to
determine secondary stressors on marine resources are presented below. Once a category of
primary stressor has been analyzed to determine how a marine biological resource is affected,
an analysis follows of how a secondary stressor is potentially affecting a marine resource. After
the secondary stressors are identified, a determination on the significance of the secondary
effect is made. The same criteria to determine the level of significance for primary effects are
used for secondary stressors. In addition, it is possible for a significant primary effect to
produce a beneficial indirect effect.

C.1.5.1 Secondary Stressors
C.1.5.1.1 Effects on Habitat

Primary effects defined in each marine resource section were used to develop a conceptual
model to predict the potential secondary stressors on each habitat or resource. This conceptual
model incorporated factors such as the co-occurrence of stressors in space and time, the
effects or assessment endpoints of individual stressors (e.g., habitat alteration, changes in
animal behavior or physiology, injury, mortality, or changes in human use), and the duration
and intensity of the effects of individual stressors. For example, a secondary stressor from a
munitions strike could be habitat degradation. The primary effect or stressor is the actual strike
on the habitat such as the seafloor, with the introduction of military expended materials,
munitions, and fragments inducing further habitat degradation.

Secondary stressors can also induce additive effects on habitats. These types of effects are also
determined by summing the individual stressors with identical and quantifiable assessment
endpoints. For example, if one stressor disturbed 0.25 square nautical miles (NM?) of benthic
habitat, a second stressor disturbed 0.5 NM?, and all other stressors did not disturb benthic
habitat, then the total benthic habitat disturbed would be 0.75 NM?2. For stressors with identical
but not quantifiable assessment endpoints, potential additive effects were qualitatively
evaluated using available scientific knowledge and best professional judgment. Other habitat
effects such as underwater detonations were assessed by size of charge (net explosive weight),
charge radius, height above the seafloor, substrate types in the area, and equations linking all
these factors. The analysis also considered that effects of underwater explosions vary with the
bottom substrate type and that the secondary effects would also be variable among

substrate types.

C.1.5.1.2 Effects on Prey Availability

Assessing the effects of secondary stressors on prey availability falls into two main areas over
different temporal scales: the cost to an individual over a relatively short amount of time

Non-Acoustic Effects Supporting Information



Northwest Training and Testing
Supplemental EIS/OEIS Draft September 2026

(short-term) and the cost to an individual or population over a longer period of time (long
term).

C.1.5.2 Immediate Response and Costs to the Individual

After a primary effect was identified, an analysis of secondary stressors on that resource was
initiated. This analysis examined whether indirect effects would occur after the initial (primary)
effect and at what temporal scale that secondary stressor would affect the resource (short-
term or long-term). An assessment was then made as to whether the secondary stressor would
affect an individual or a population. For example, an underwater explosion could affect a single
resource such as a fish or multiple other species in the food web (e.g., prey species such as
plankton). The analysis also took into consideration whether the primary effect affected more
than an individual or single species. For example, a prey species that would be directly injured
or killed by an explosive blast could draw in predators or scavengers from the surrounding
waters that would feed on those organisms, and in turn could be more directly susceptible to
being injured or killed by subsequent explosions. For purposes of this analysis, indirect effects
on a resource did not require trophic transfer (e.g., bioaccumulation) in order to be observed. It
is important to note that the terms “indirect” and “secondary” describe how the effect may
occur in an organism or its ecosystem and does not imply reduced severity of

environmental consequences.

C.1.5.3 Long-Term Consequences to the Individual and Population

Long-term consequences of secondary stressors on an individual or population are often
difficult to determine. Once a primary effect is identified, the severity of that effect helps to
determine the temporal scale at which the secondary stressor can be measured. For most
marine resources, the abundance of prey species near a detonation point would be diminished
for a short period (weeks to months) before being repopulated by animals from adjacent
waters. In some extreme cases, recovery of the habitat or prey resources could occur over a
relatively long-time frame (months to years). It is important to note that indirect effects often
differ among resources, spatial, and temporal scales.

C.2 Sediments and Water Quality
C.2.1 Explosives and Explosive Byproducts

Explosives may be introduced into the seawater and sediments by the Proposed Action. The
explosive fillers contained within the munitions used during training and testing activities and
their degradation products can enter the environment through high-order detonations (i.e., the
munition functions as intended and the vast majority of explosives are consumed), low-order
detonations (i.e., the munition partially functions with only a portion of the explosives
consumed), or unexploded munitions (i.e., the munition fails to detonate and explosives remain
in the casing). In the case of a successful detonation, only a small or residual amount of
explosives may enter the marine environment (U.S. Environmental Protection Agency, 2012). A
low-order detonation would result in some residual explosives and some unconsumed
explosives remaining in the munitions casing entering the water. In the case of unexploded
munitions, the explosives contained in the munition would not be consumed and would remain
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encased within the munition as it enters the marine environment. The munitions casing may
corrode or rupture over time and release explosives into the sediments and water column.

The behavior of explosives and explosives byproducts in marine environments and the extent
to which those constituents of explosives have adverse effects are influenced by a number of
processes, including the ease with which the explosive dissolves in a liquid such as water
(solubility), the degree to which explosives are attracted to other materials in the water (e.g.,
clay-sized particles and organic matter, sorption), and the tendency of the explosives to
evaporate (volatilization). These characteristics, in turn, influence the extent to which the
material is subject to biotic (biological) and abiotic (physical and chemical) transformation and
degradation (Pennington & Brannon, 2002). The solubility of various explosives is provided in
Table C-1. In the table, higher values indicate greater solubility. For example, high melting
explosive is virtually insoluble in water. Table salt, which dissolves easily in water, is included in
the table for comparison.

Table C-1: Water Solubility of Common Explosives and Explosive Degradation Products

Compound Water Solubi!’ity1
(mg/L at 20 °C)
Table salt (sodium chloride)? 357,000
Ammonium perchlorate (O) 249,000
Picric acid (E) 12,820
Nitrobenzene (D) 1,900
Dinitrobenzene (E) 500
Trinitrobenzene (E) 335
Dinitrotoluene (D) 160
TNT (E) 130
Tetryl (E) 51
Pentaerythritoltetranitrate (E) 43
Royal Demolition Explosive (E) 38
High Melting Explosive (E) 7

Source: (U.S. Department of the Navy, 2008a)

1 Units are milligrams per liter at 20 degrees Celsius

Table salt is not an explosive degradation product

Notes: D = explosive degradation product, E = explosive, O = oxidizer
additive, TNT = trinitrotoluene

According to Walker et al. (2006), trinitrotoluene (TNT), royal demolition explosive, and high
melting explosive experience rapid biological and photochemical degradation in marine
systems. The authors noted that productivity in marine and estuarine systems is largely
controlled by the limited availability of nitrogen. Because nitrogen is a key component of
explosives, they are attractive as substrates for marine bacteria that metabolize other naturally
occurring organic matter, such as polycyclic aromatic hydrocarbons. Juhasz and Naidu (2007)
also noted that microbes use explosives as sources of carbon and energy.
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Carr and Nipper (2003) indicated that conversion of TNT to carbon dioxide, methane, and
nitrates in coastal sediments (a process referred to as “mineralization”) occurred at rates that
were typical for naturally occurring compounds such as phenanthrene, fluoranthene, toluene,
and naphthalene. They noted that transformation of 2, 6-dinitrotoluene and picric acid by
organisms in sediments is dependent on temperature and type of sediment (e.g., finer-grained).
Pavlostathis and Jackson (2002) reported that the marine microalgae Anabaena spp. was highly
efficient at the removal and metabolism of TNT in a continuous flow experiment. Nipper et al.
(2002) noted that irreversible binding to sediments and biodegradation of 2, 6-dinitrotoluene,
tetryl, and picric acid occurred in fine-grained sediments high in organic carbon resulting in
lower concentrations of the contaminants. Cruz-Uribe et al. (2007) noted that three species of
marine macroalgae metabolize TNT to 2-amino-4,6-dinitrotoluene and 4-amino-2, 6-
dinitrotoluene, and speculate that “the ability of marine macroalgae to metabolize TNT is
widespread, if not generic.” The studies cited above indicate that TNT and its constituent
products can be removed from the environment by naturally occurring biological processes in
sediments, reducing sediment toxicity from these chemical contaminants.

Singh et al. (2009) indicated that biodegradation of royal demolition explosive and high melting
explosive occurs with oxygen (aerobic) and without oxygen (anoxic or anaerobic), but that they
were more easily degraded under anaerobic conditions. Crocker et al. (2006) indicated that the
mechanisms of high melting explosive and royal demolition explosive biodegradation are
similar, but that high melting explosive degrades more slowly. Singh et al. (2009) noted that
royal demolition explosive and high melting explosive are biodegraded under a variety of
anaerobic conditions by specific microbial species and by mixtures of such species. Zhao et al.
(2004a); Zhao et al. (2004b) found that biodegradation of royal demolition explosive and high
melting explosive occurs in cold marine sediments.

According to Singh et al. (2009), typical end products of the degradation of royal demolition
explosive include nitrite, nitrous oxide, nitrogen, ammonia, formaldehyde, formic acid, and
carbon dioxide. Crocker et al. (2006) stated that many of the primary and secondary
intermediate compounds from biodegradation of royal demolition explosive and high melting
explosive are unstable in water and spontaneously decompose. Thus, these explosives are
degraded by a combination of biotic and abiotic reactions. Formaldehyde is subsequently
metabolized to formic acid, methanol, carbon dioxide, or methane by various microorganisms
(Crocker et al., 2006).

Most explosive material is consumed in an explosion, so the vast majority of explosive material
entering the marine environment would be encased in munitions that failed to detonate.
Failure rates for all of the munitions used in the Proposed Action are not available; however,
based on the data that are available, a 5 percent munitions failure rate was applied to estimate
failure rates for all munitions used in the Proposed Action. Based on the available data, low-
order detonation rates are assumed to be at least an order of magnitude less than failure rates
for all munitions and are not considered in the analysis. Table C-2 provides information about
the rates of failure and low-order detonations for explosives and other munitions (MacDonald
& Mendez, 2005).
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Table C-2: Failure and Low-Order Detonation Rates of Military Munitions

Munitions Failure Rate (Percent) Low-Order Detonation Rate (Percent)
Guns/artillery 4.68 0.16

Hand grenades 1.78 n/a

Explosive munitions 3.37 0.09

Rockets 3.84 n/a

Submunitions 8.23 n/a

Note: n/a = not available

Most activities involving explosives and explosives byproducts would be conducted more than 3
nautical miles (NM) offshore in each range complex. Activities in these areas (3—200 NM) would
be subject to federal sediment and water quality standards and guidelines.

Explosives are also used in nearshore areas (low tide line to 3 NM) specifically designated for
mine countermeasure and mine neutralization activities. These activities would be subject to
state sediment and water quality standards and guidelines.

For explosives byproducts, “local” refers to the water column in the vicinity of the underwater
detonation. For unconsumed explosives, “local” refers to the area of potential effect from
explosives in a zone of sediment about 6 feet (ft.) in diameter around the unconsumed
explosive where it comes to rest on the seafloor.

C.2.2 Chemicals Other Than Explosives

Under the Proposed Action, chemicals other than explosives are associated with the following
military expended materials: (1) solid-fuel propellants in missiles and rockets; (2) Otto Fuel Il
torpedo propellant and combustion byproducts; (3) other chemicals associated with munitions;
and (4) chemicals that simulate chemical warfare agents, referred to as “chemical simulants.”

Hazardous air pollutants from explosives and explosives byproducts are discussed in

Section 3.2. Explosives and explosives byproducts are discussed in detail in Section 3.1.4.1 of
the 2020 SEIS/OEIS. Fuels onboard manned aircraft and vessels are not reviewed, nor are
fuel-loading activities, onboard operations, or maintenance activities reviewed, because normal
operation and maintenance of equipment is not part of the Proposed Action.

The largest chemical constituent of missiles is solid propellant. Solid propellant contains both
the fuel and the oxidizer, a source of oxygen needed for combustion. An extended-range
Standard Missile-2 typically contains 1,822 pounds (lb.) of solid propellant. Ammonium
perchlorate is the oxidizing agent used in most modern solid-propellant formulas (Chaturvedi &
Dave, 2015). It normally accounts for 50 to 85 percent of the propellant by weight. Ammonium
dinitramide may also be used as an oxidizing agent. Aluminum powder as a fuel additive ranges
from 5 to 22 percent by weight of solid propellant; it is added to increase missile range and
payload capacity. The explosives high melting explosive (octahydro-1,3,5,7-tetranitro-1,3,5,7-
tetrazocine) and royal demolition explosive (hexahydro-1,3,5-trinitro-1,3,5-triazine) may be
added, although they usually comprise less than 30 percent of the propellant by weight. Many
of the constituents used in propellants are also commonly used for commercial purposes but
require additional processing to achieve certain properties necessary for rocket and missile
propulsion. (Missile Technology Control Regime, 1996).
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The U.S. Environmental Protection Agency (USEPA) issued a paper characterizing the munitions
constituents accumulated at over 30 military sites around the United States and Canada where
explosives and propellants have been used (U.S. Environmental Protection Agency, 2012). The
sites assessed in the paper were all land-based ranges; however, the results are useful for
analyzing similar activities conducted at sea. The paper noted that perchlorate was generally
not detected at anti-tank ranges and that perchlorate is so soluble in water and mobile in soil
that surface accumulation apparently does not occur. The paper includes a case study that
estimates the amount of residual perchlorate deposited from a rocket fired at a test track. The
rocket propellant contained 68 Ib. of ammonium perchlorate. Samples were collected both
behind the firing point and along the test track before and after the rocked was fired. No
differences in perchlorate concentrations in soils were detected at any location before or after
the firing, and all measurements recorded perchlorate concentrations of less than 1 microgram
per kilogram. That case study concluded that 99.997 percent of perchlorate is consumed by the
rocket motor (U.S. Environmental Protection Agency, 2012). Fitzpatrick et al. (2006) found
similar results from an air-launched AIM-7 missile, a missile used by the Navy and similar to
missiles used in the Proposed Action. These studies, and others cited in each paper,
demonstrate that the motors used in rockets and missiles are highly efficient at burning
propellant fuels, leaving only trace amounts often at undetectable levels in the environment.

Several torpedoes (e.g., MK-54) use Otto Fuel Il as a liquid propellant. Otto Fuel Il is composed
of primarily three synthetic substances: Propylene glycol dinitrate and nitro-diphenylamine (76
percent), dibutyl sebacate (22 percent), and 2-nitrodiphenylamine as a stabilizer (2 percent).
Propylene glycol dinitrate, which is a liquid, is the explosive component of Otto Fuel Il. Dibutyl
sebacate, also known as sebacic acid, is also a liquid. It is used commercially to make plastics,
many of which are used for packaging food, and to enhance flavor in foods such as ice cream,
candy, baked goods, and nonalcoholic drinks. The third component, 2-nitrodiphenylamine, is a
solid substance used to control the combustion of the propylene glycol dinitrate (Espinoza &
Wehrtmann, 2008). Combustion byproducts of Otto Fuel Il include nitrous oxides, carbon
monoxide, carbon dioxide, hydrogen, nitrogen, methane, ammonia, and hydrogen cyanide.
During normal venting of excess pressure or upon failure of the torpedo's buoyancy bag, the
following constituents are discharged: carbon dioxide, water, hydrogen, nitrogen, carbon
monoxide, methane, ammonia, hydrochloric acid, hydrogen cyanide, formaldehyde, potassium
chloride, ferrous oxide, potassium hydroxide, and potassium carbonate (Waters et al., 2013).

Table C-3 lists the chemical constituents produced in the combustion of propellants and fuels,
as described above, and list constituents remaining after the detonations of non-munitions,
such as spotting charges and tracers. Not all of the listed chemical constituents in propellant
and Otto Fuel Il would be used in combination; some are substitutes that would replace
another chemical in the list, depending on the type of propellant used. For example,
ammonium perchlorate is the preferred oxidizer in propellant, but ammonium dinitramide
could act as the oxidizer in some propellants. These constituents are in addition to the
explosives contained in munitions, which were discussed in Section 3.1.4.1 of the 2020
SEIS/OEIS.
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Table C-3: Constituents in Munitions Other Than Explosives

Munitions Component

Constituent

Pyrotechnics
Tracers
Spotting Charges

Barium chromate
Potassium perchlorate
Chlorides

Phosphorus

Titanium compounds

Oxidizers

Lead (Il) oxide

Propellant (rockets and missiles)

Ammonium perchlorate (50 to 85 percent by weight)

Ammonium dinitramide

Aluminum powder (5 to 21 percent by weight)

High melting explosive

Royal demolition explosive
Hydroxyl-terminated polybutadiene
Carboxyl-terminated polybutadiene
Polybutadiene-acrylic acid-acrylonitrile

Triphenyl bismuth
Nitrate esters
Nitrated plasticizers

Polybutadiene-acrylic acid polymer

Elastomeric polyesters
Polyethers

Nitrocellulose plasticized with nitroglycerine

2-nitrodiphenylamine

N-methyl-4-nitroaniline

Hydrazine

Otto Fuel Il (torpedoes)

Propylene glycol dinitrate and Nitro-diphenylamine (76 percent by weight)
dibutyl sebacate (22 percent by weight)

2-nitrodiphenylamine (2 percent by weight)

Combustion products (nitrous oxides, carbon monoxide, carbon dioxide,
hydrogen, nitrogen, methane, ammonia, hydrogen cyanide)

Venting or buoyancy bag failure (hydrochloric acid, hydrogen cyanide,
formaldehyde, potassium chloride, ferrous oxide, potassium hydroxide, and

potassium carbonate)

Chemical Simulants

Navy Chemical Agent Simulant 82

glacial acetic acid
triethyl phosphate
sulfur hexafluoride

1,1,1,2 tetrafluoroethane

1,1-difluoroethane

Delay Elements

Barium chromate
Potassium perchlorate
Lead chromate

Fuses Potassium perchlorate
Fulminate of mercury
Detonators .
Potassium perchlorate
Primers Lead azide
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The environmental fate of Otto Fuel Il and its components is largely unknown. Neither the fuel
mixture nor its three main components are particularly volatile or soluble in water; however,
when mixed with water propylene glycol dinitrate forms a volatile mixture, making evaporation
an important fate process (Espinoza & Wehrtmann, 2008). The compound 2-
Nitrodiphenylamine may precipitate from water or be taken up by particulates. Dibutyl
sebacate is rapidly biodegraded. Neither propylene glycol dinitrate nor 2-nitrodiphenylamine
are readily biodegradable, but both of these chemicals break down when exposed to ultraviolet
light (Powell et al., 1998).

Lead azide, titanium compounds, perchlorates, barium chromate, and fulminate of mercury are
not natural constituents of seawater. Lead oxide is a rare, naturally occurring mineral. It is one
of several lead compounds that form films on lead objects in the marine environment (Agency
for Toxic Substances and Disease Registry, 2007). Metals are discussed in more detail in Section
3.1.4.2 of the 2020 SEIS/OEIS.

C.2.3 Metals

Anthropogenic sources of metals include the processing of industrial ores (e.g., iron ore),
production of chemicals, fertilizers used in agriculture, the marine industry (e.g., anti-fouling
anti-corrosion paints), runoff from urban and suburban sprawl, dredge spoil disposal, exhaust
from automotive transportation, atmospheric deposition, and industrial emissions (Haugland et
al., 2006). Metals would be introduced into nearshore and offshore marine waters and
sediments by the Proposed Action. Because of the physical and chemical reactions that occur
with metals in marine systems, many metals will precipitate out of seawater and settle in solid
form on the seafloor where they can concentrate in sediments. Thus, metal contaminants in
sediments pose a greater environmental concern than metals in the water column.

Military expended materials such as steel bomb bodies or fins, missile casings, small arms
projectiles, and naval gun projectiles may contain small percentages (less than 1 percent by
weight) of lead, manganese, phosphorus, sulfur, copper, nickel, tungsten, chromium,
molybdenum, vanadium, boron, selenium, columbium, or titanium. Small-caliber projectiles are
composed of steel with small amounts of aluminum and copper and brass casings that are 70
percent copper and 30 percent zinc. Medium- and large-caliber projectiles are composed of
steel, brass, copper, tungsten, and other metals. The 20 mm cannon shells used in close-in
weapons systems are composed mostly of tungsten alloy. Some projectiles have lead cores
(U.S. Department of the Navy, 2008b). Torpedo guidance wire is composed of copper and
cadmium coated with plastic (U.S. Department of the Navy, 2008a). Sonobuoy components
include batteries and battery electrodes, lead solder, copper wire, and lead used for ballast.
Thermal batteries in sonobuoys are contained in an airtight, sealed and welded stainless steel
case that is 0.03—-0.1 inch (in.) thick and resistant to the battery electrolytes (U.S. Department
of the Navy, 2008b). Rockets are usually composed of steel and steel alloys, although composite
cases made of glass, carbon, or Kevlar fiber are also used (Missile Technology Control Regime,
1996). Anchors used to moor mine shapes or other seafloor devices are often recovered but, in
some cases, may be left on the seafloor to facilitate recovery of the device (see Section 3.0).
Metal anchors and other types of anchors (e.g., concrete blocks) with metal components are
composed primarily of steel.
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Non-explosive practice munitions consist of ammunition and components that contain no
explosive material and may include (1) ammunition and components that have had all explosive
material removed and replaced with non-explosive material, (2) empty ammunition or
components, and (3) ammunition or components that were manufactured with non-explosive
material in place of all explosive material. These practice munitions vary in size from 25 to

500 Ib. and are designed to simulate the characteristics of explosive munitions for training and
testing activities. Some non-explosive practice munitions may also contain unburned propellant
(e.g., rockets), and some may contain spotting charges or signal cartridges for locating the point
of effect (e.g., smoke charges for daylight spotting or flash charges for night spotting) (U.S.
Department of the Navy, 2010d). Large, non-explosive bombs—also called “practice” or “bomb
dummy units”—are composed mainly of iron and steel casings filled with sand, concrete, or
vermiculite. These materials are similar to those used to construct artificial reefs. Non-explosive
bombs are configured to have the same weight, size, center of gravity, and ballistics as
explosive bombs (U.S. Department of the Navy, 2006b). Practice bombs do not contain the
explosive materials.

In general, three things happen to materials that come to rest on the ocean floor: (1) they lodge
in sediments where there is little or no oxygen below 4 in., (2) they remain on the ocean floor
and begin to react with seawater, or (3) they remain on the ocean floor and become encrusted
by marine organisms. As a result, rates of deterioration depend on the metal or metal alloy and
the conditions in the immediate marine and benthic environment. If buried deep in ocean
sediments, materials tend to decompose at much lower rates than when exposed to seawater
(Ankley, 1996). With the exception of torpedo guidance wires and sonobuoy components,
sediment burial appears to be the fate of most munitions used in marine warfare
(Environmental Sciences Group, 2005b).

When metals are exposed to seawater, they begin to slowly corrode, a process that creates a
layer of corroded material between the seawater and uncorroded metal. This layer of corrosion
removes the metal from direct exposure to the corrosiveness of seawater, a process that
further slows movement of the metals into the adjacent sediments and water column. This is
particularly true of aluminum. Elevated levels of metals in sediments would be restricted to a
small zone around the metal, and any release to the overlying water column would be diluted.
In a similar fashion, as materials become covered by marine life, both the direct exposure of the
material to seawater and the rate of corrosion decrease. Dispersal of these materials in the
water column is controlled by physical mixing and diffusion, both of which tend to vary with
time and location. The analysis of metals in marine systems begins with a review of studies
involving metals used in military training and testing activities that may be introduced into the
marine environment.

In one study, the water was sampled for lead, manganese, nickel, vanadium, and zinc at a
shallow bombing range in Pamlico Sound (estuarine waters of North Carolina) immediately
following a training event with non-explosive practice bombs. All water quality parameters
tested, except nickel, were within the state limits. The nickel concentration was significantly
higher than the state criterion, although the concentration did not differ significantly from the
control site located outside the bombing range. The results suggest that bombing activities
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were not responsible for the elevated nickel concentrations (U.S. Department of the Navy,
2010d). A recent study conducted by the U.S. Marine Corps sampled sediments and water
quality for 26 different constituents, including lead and magnesium, related to munitions at
several U.S. Marine Corps water-based training ranges. These areas also were used for bombing
practice. No munitions constituents were detected above screening values used at the

U.S. Marine Corps water ranges (U.S. Department of the Navy, 2010d).

A study by Pait et al. (2010) of previous Navy training areas at Vieques, Puerto Rico, found
generally low concentrations of metals in marine sediments. Areas in which live ammunition
and loaded weapons were used (“live-fire areas”) were included in the analysis. These results
are relevant because the concentrations of expended munitions at Vieques are significantly
greater than would be found anywhere in the Study Area. Table C-4 compares the sediment
concentrations of several metals from those naval training areas with sediment screening levels
established by the National Oceanic and Atmospheric Administration (Buchman, 2008).

As shown in Table C-4, average sediment concentrations of the metals evaluated, except for
copper, were below both the threshold and probable effects levels (metrics similar to the
effects range levels). The average copper concentration was above the threshold effect level,
but below the probable effect level. For other elements: (1) the mean sediment concentration
of arsenic at Vieques was 4.37 micrograms per gram (ug/g), and the highest concentration was
15.4 pg/g. Both values were below the sediment quality guidelines examined; and (2) the mean
sediment concentration of manganese in sediment was 301 pg/g, and the highest
concentration was 967 pg/g (Pait et al., 2010). The National Oceanic and Atmospheric
Administration did not report threshold or probable effects levels for manganese.

Table C-4: Concentrations of and Screening Levels for Selected Metals in Marine Sediments,
Vieques, Puerto Rico

Sediment Concentration (1g/g) Sediment Guidelines — National Oceanic
- He/e and Atmospheric Administration (ug/g)
eta
. . . Threshold Effects Probable Effects
Minimum | Maximum Average
Level* Level*

Cadmium 0 1.92 0.15 0.68 4.21
Chromium 0 178 22.5 52.3 160
Copper 0 103 25.9 18.7 390
Lead 0 17.6 5.42 30.24 112
Mercury N/R 0.112 0.019 130 700
Nickel N/R 38.3 7.80 15.9 42.8
Zinc N/R 130 34.4 124 271

*Threshold Effects Level and Probable Effects Level are metrics similar to the effects range metrics
(i.e., Effects Range Low and Effects Range Median) used to assess potential effects of contaminants
on sediments. The Threshold Effects Levels is the average of the 50th percentile and the 15th

percentile of a dataset and the Probable Effects Level is the average of the 50th percentile and the

85th percentile of a dataset.

Notes: N/R = not reported, ug/g = micrograms per gram
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The effects of lead and lithium were studied at the Canadian Forces Maritime Experimental and
Test Ranges near Nanoose Bay, British Columbia, Canada (Environmental Sciences Group,
2005b). These materials are common to expendable mobile anti-submarine warfare training
targets, acoustic device countermeasures, sonobuoys, and torpedoes. The study noted that
lead is a naturally occurring metal in the environment and that typical concentrations of lead in
seawater in the test range were between 0.01 and 0.06 parts per million (ppm), while
concentration of lead in sediments was between 4 and 16 ppm. Cores of marine sediments in
the test range show a steady increase in lead concentration from the bottom of the core to a
depth of approximately 8 in. (20.3 centimeters [cm]). This depth corresponds to the late 1970s
and early 1980s, and the lead contamination was attributed to atmospheric deposition of lead
from gasoline additives. The sediment cores showed a general reduction in lead concentration
to the present time, coincident with the phasing out of lead in gasoline by the mid-1980s. The
study also noted that other training ranges have shown minimal effects of lead ballasts because
they are usually buried deep in marine sediments where they are not biologically available. The
study concluded that the lead ballasts would not adversely affect marine organisms because of
the low probability of mobilization of lead.

A study by the Navy examined the effects of materials from activated seawater batteries in
sonobuoys that freely dissolve in the water column (e.g., lead, silver, and copper ions), as well
as nickel-plated steel housing, lead solder, copper wire, and lead shot used for sonobuoy ballast
(U.S. Department of the Navy, 1993). The study concluded that constituents released by
saltwater batteries as well as the decomposition of other sonobuoy components did not exceed
state or federal standards, and that the reaction products are short-lived in seawater.

A series of research efforts focused on World War Il underwater munitions disposal sites in
Hawaii (Briggs et al., 2016; Kelley et al., 2016; Koide et al., 2016; University of Hawaii, 2010) and
an intensively used live fire range in the Mariana Islands (Smith & Marx, 2016) provide
information in regard to the effects of undetonated materials and unexploded munitions on
marine life.

For metals, although there were localized elevated levels of arsenic and lead in several biota
samples and in the sediment adjacent to the munitions, the origin of those metals could not be
definitively linked to the munitions since comparison of sediment between the clean reference
site and the disposal site showed relatively little difference. This was especially the case for a
comparison with samples for ocean disposed dredge spoils sites (locations where material
taken from the dredging of harbors on Oahu was disposed). At individual sampling sites
adjacent to munitions, the concentrations of metals were not significantly higher as compared
to the background at control sites and not significant in comparison to typical deep-sea marine
sediments (Briggs et al., 2016). Observations and data collected also did not indicate any
adverse effect to the localized ecology due to the presence of munitions degrading for over 75
years when compared to control sites. When specifically looking at marine organisms around
the munitions (Kelley et al., 2016; Koide et al., 2016), the analysis indicated that in soft bottom
habitats the expended items were providing hard substrate similar to other disposed objects or
“artificial reefs” that attracted “hard substrate species” that would not have otherwise
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colonized the area and that there was no bioaccumulation of munitions-related chemicals for
the species sampled (Koide et al., 2016).

On a broader scale, the island of Farallon de Medinilla (in the Mariana Islands) has been used as
a target area since 1971. Between 1997 and 2012, there were 14 underwater scientific survey
investigations around the island providing a long-term look at potential effects on the marine
life from training and testing involving the use of munitions (Smith & Marx, 2016). Munitions
use has included explosive rounds from gunfire, high explosive bombs by Navy aircraft and U.S.
Air Force B-52s, in addition to the expenditure of inert rounds and non-explosive practice
bombs. Marine life assessed during these surveys included algae, corals, benthic invertebrates,
sharks, rays, bony fishes, and sea turtles. The investigators found no evidence over the 16-year
period, that the condition of the biological resources had been adversely affected to a
significant degree by the training activities (Smith & Marx, 2016). Furthermore, they found that
the health, abundance, and biomass of fishes, corals, and other marine resources were
comparable to or superior to those in similar habitats at other locations within the Mariana
Archipelago.

The concentrations of metals from munitions, expended materials, and devices in any one
location in the Study Area would be a small fraction of that from a World War ll-era munitions
disposal site, or a target island used for 45 years, or a water range in a river used for almost 100
years. Based on findings from much more intensively used locations, the water quality effects
from the use of munitions, expended materials, and other devices resulting from any of the
proposed training and testing activities would be negligible by comparison.

C.2.4 Other Materials

Under the Proposed Action, other materials include marine markers and flares, chaff, towed
and stationary targets, and miscellaneous components of other expended objects (e.g.,
concrete blocks used as anchors) (see Appendix F, Military Expended Materials, Direct Strike,
and Vessel Strike Supporting Information, for details). These materials and components are
either made mainly of non-reactive or slowly reactive materials (e.g., glass, carbon fibers, and
plastics) or break down or decompose into benign byproducts (e.g., rubber, steel, iron, and
concrete). Most of these objects would settle to the seafloor where they would (1) be exposed
to seawater, (2) become lodged in or covered by seafloor sediments, (3) become encrusted by
oxidation products such as rust, (4) dissolve slowly, or (5) be covered by marine organisms such
as coral. Plastics may float or descend to the bottom, depending upon their buoyancy. Marine
markers and flares are largely consumed during use.

Towed and stationary targets include floating steel drums; towed aerial targets; the trimaran;
and inflatable, floating targets. The trimaran is a three-hulled boat with a 4 ft. square sail that is
towed as a moving target. Large, inflatable, plastic targets can be towed or left stationary.
Towed aerial targets are either (1) rectangular pieces of nylon fabric 7.5 ft. by 40 ft. that reflect
radar or lasers; or (2) aluminum cylinders with a fiberglass nose cone, aluminum corner
reflectors (fins), and a short plastic tail section. This second target is about 10 ft. long and
weighs about 75 Ib. These four targets are recovered after use, and will not be considered
further.
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Marine markers are pyrotechnic devices that are dropped on the water’s surface during training
exercises to mark a position, to support search and rescue activities, or as a bomb target. The
MK 58 marker is a tin tube that weighs about 12 Ib. Markers release smoke at the water surface
for 40 to 60 minutes. After the pyrotechnics are consumed, the marine marker fills with
seawater and sinks. Iron and aluminum constitute 35 percent of the marker by weight. To
produce the lengthy smoke effect, approximately 40 percent of the marker by weight is made
up of pyrotechnic materials. The propellant, explosive, and pyrotechnic constituents of MK 58
include red phosphorus (2.19 Ib.) and manganese (IV) dioxide (1.40 Ib.). Other constituents
include magnesium powder (0.29 Ib.), zinc oxide (0.12 Ib.), nitrocellulose (0.000017 Ib.),
nitroglycerin (0.000014 |b.), and potassium nitrate (0.2 Ib.). The failure rate of marine markers
is approximately 5 percent (U.S. Department of the Navy, 2010c, 2010d).

Flares are used to signal, to illuminate surface areas at night in search and attack operations,
and to assist with search and rescue activities. They range in weight from 5 to 14 kilograms. The
major constituents of flares include magnesium granules and sodium nitrate. Containers are
constructed of aluminum, and the entire assembly is usually consumed during flight. Flares may
also contain a primer such as TNT, propellant (ammonium perchlorate), and other explosives.
These materials are present in small quantities (e.g., 1.0 x 10 ounces [0z.] of ammonium
perchlorate and 1.0 x 10”7 oz. of explosives). Small amounts of metals are used to give flares and
other pyrotechnic materials bright and distinctive colors. Combustion products from flares
include magnesium oxide, sodium carbonate, carbon dioxide, and water. llluminating flares and
marine markers are usually entirely consumed during use; neither is intended to be recovered.
Table C-5 summarizes the components of markers and flares (U.S. Department of the Air Force,
1997).

Table C-5: Summary of Components of Marine Markers and Flares

Composition

Flare or Marker Constituents (%)
Magnesium granules, sodium nitrate, aluminum, | Magnesium (54), sodium nitrate
iron, trinitrotoluene (TNT), royal demolition (26), aluminum (14), iron (5)
LUU-2 Paraflare explosive, ammonium perchlorate, potassium

nitrate, lead, chromium, magnesium,
manganese, nickel

Aluminum, sodium nitrate, magnesium powder, Magnesium (45), sodium nitrate
nitrocellulose, TNT, copper, lead, zinc, chromium, | (30), aluminum (22)
manganese, potassium nitrate, pentaerythritol-
tetranitrate, nickel, potassium perchlorate
Aluminum, chromium, copper, lead, lead dioxide, | Iron (60), aluminum (35)
manganese dioxide, manganese, nitroglycerin,
red phosphorus, potassium nitrate, silver, zinc,
zinc oxide

MK45 Paraflare

MK58 Marine Marker

Most of the pyrotechnic components of marine markers are consumed and byproducts are
released into the air. Thereafter, the aluminum and steel canister sinks to the bottom.
Combustion of red phosphorus produces phosphorus oxides, which have a low toxicity to
aquatic organisms. The amount of flare residue is negligible. Phosphorus contained in the
marker settles to the seafloor, where it reacts with the water to produce phosphoric acid until
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all phosphorus is consumed by the reaction. Phosphoric acid is a variable, but normal,
component of seawater (U.S. Department of the Navy, 2006a). The aluminum and iron canisters
are expected to be covered by sand and sediment over time, to become encrusted by chemical
corrosion, or to be covered by marine plants and animals. Elemental aluminum in seawater
tends to be converted by hydrolysis to aluminum hydroxide, which is relatively insoluble,
adheres to particulates, and is transported to the bottom sediments (Monterey Bay Research
Institute, 2010).

Red phosphorus, the primary pyrotechnic ingredient, constitutes 18 percent of the marine
marker by weight. Toxicological studies of red phosphorus revealed an aquatic toxicity in the
range of 10—100 milligrams per liter (10—100 ppm) for fish, Daphnia (a small aquatic
crustacean), and algae (European Flame Retardants Association, 2002). Red phosphorus slowly
degrades by chemical reactions to phosphine and phosphorus acids. Phosphine is very reactive
and usually undergoes rapid oxidation. The final products, phosphates, are harmless (U.S.
Department of the Navy, 2010c, 2010d). A study by the U.S. Department of the Air Force (1997)
found that, in salt water, the degradation products of flares that do not function properly
include magnesium and barium.

Chaff is an electronic countermeasure designed to confuse enemy radar by deflecting radar
waves and thereby obscuring aircraft, ships, and other equipment from radar tracking sources.
Chaff consists of small, thin glass fibers coated in aluminum that are light enough to remain in
the air anywhere from 10 minutes to 10 hours (Farrell & Siciliano, 2007). Chaff is typically
packaged in cylinders and contain a few million fibers. Chaff may be deployed from an aircraft
or may be launched from a surface vessel.

The major components of the chaff glass fibers and the aluminum coating are provided in Table
C-6 (Arfsten et al., 2002; Farrell & Siciliano, 2007; U.S. Department of the Air Force, 1997; U.S.
Department of the Navy, 1999).

Factors influencing chaff dispersion include the altitude and location where it is released,
prevailing winds, and meteorological conditions (Spargo, 2007; U.S. Department of the Navy,
1999). Doppler radar has tracked chaff plumes containing approximately 900 grams of chaff
drifting 200 miles from the point of release, with the plume covering a volume of greater than
400 cubic miles (Arfsten et al., 2002). Based on the dispersion characteristics of chaff, large
areas of open water would be exposed to chaff, but the chaff concentrations would be low.
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Table C-6: Major Components of Chaff

Component Percent by Weight
Glass Fiber
Silicon dioxide 52-56
Alumina 12-16
Calcium oxide, magnesium oxide 16-25
Boron oxide 8-13
Sodium oxide, potassium oxide 1-4
Iron oxide <1

Aluminum Coating

Aluminum 99.45 (min.)
Silicon and Iron 0.55 (max.)
Copper 0.05
Manganese 0.05
Zinc 0.05
Vanadium 0.05
Titanium 0.05
Others 0.05

Chaff is generally resistant to chemical weathering and likely remains in the environment for
long periods. However, all the components of chaff’s aluminum coating are present in seawater
in trace amounts, except magnesium, which is present at 0.1 percent (Nozaki, 1997). Aluminum
is the most common metal in the Earth’s crust and also occurs naturally in trace amounts in the
aquatic environment. Aluminum oxide and silicon dioxide are the two most common minerals
in the earth’s crust, and ocean waters are constantly exposed to both minerals, so the addition
of small amounts of chaff would not affect water quality or sediment composition (U.S.
Department of the Navy, 1999).

The dissolved concentration of aluminum in seawater ranges from 1 to 10 micrograms per liter
(1 to 10 parts per billion). For comparison, the concentration in rivers is 50 micrograms per liter
(50 parts per billion). In the ocean, aluminum concentrations tend to be higher on the surface,
lower at middle depths, and higher again at the bottom (Li et al., 2008). Aluminum is a very
reactive element and is seldom found as a free metal in nature except under highly acidic (low
pH) or alkaline (high pH) conditions. It is found combined with other elements, most commonly
with oxygen, silicon, and fluorine. These chemical compounds are commonly found in soil,
minerals, rocks, and clays (Agency for Toxic Substances and Disease Registry, 2008; U.S.
Department of the Air Force, 1994). Elemental aluminum in seawater tends to be converted by
hydrolysis to aluminum hydroxide, which is relatively insoluble, and is scavenged by particulates
and transported to bottom sediments (Monterey Bay Research Institute, 2010).

Because of their light weight, chaff fibers tend to float on the water surface for a short period.
The fibers are quickly dispersed by waves and currents. They may be accidentally or
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intentionally ingested by marine life, but the fibers are non-toxic. Chemicals leached from the
chaff would be diluted by the surrounding seawater, reducing the potential for chemical
concentrations to reach levels that can affect sediment quality or benthic habitats.

Schiff (1977) placed chaff samples in Chesapeake Bay water for 13 days. No increases in
concentration of greater than 1 ppm of aluminum, cadmium, copper, iron, or zinc were
detected. Accumulation and concentration of chaff constituents is not likely under natural
conditions. A U.S. Air Force study of chaff analyzed nine elements under various pH conditions:
silicon, aluminum, magnesium, boron, copper, manganese, zinc, vanadium, and titanium. Only
four elements were detected above the 0.02 milligrams per liter detection limit (0.02 ppm):
magnesium, aluminum, zinc, and boron (U.S. Department of the Air Force, 1994). Tests of
marine organisms detected no effects of chaff exposure at levels above those expected in the
Study Area (Farrell & Siciliano, 2007).

C3 Marine Vegetation
C.3.1 Acoustic Stressors

Acoustic stressors are not applicable to vegetation and are therefore not discussed further in
this section.

C.3.2 Explosive Stressors

Single-celled algae may overlap with underwater and sea surface explosion locations. If single-
celled algae are in the immediate vicinity of an explosion, only a small number of individuals are
likely to be affected relative to their total population level. Additionally, the extremely fast
growth rate and ubiquitous distribution of phytoplankton (Caceres et al., 2013; Levinton, 2013)
suggest no meaningful effect on the resource. The low number of explosions relative to the
amount of single-celled algae in the Study Area also decreases the potential for effects on these
vegetation types. Based on these factors, the effect on these types of vegetation would not be
detectable and they are not discussed further in this section.

Macroalgae and marine vascular plants that are attached to the seafloor may occur in locations
where explosions are conducted and may be adversely affected for different reasons. Much of
the attached macroalgae grows on live hard bottom that would be mostly protected in
accordance with Navy and USCG mitigation measures. Activity-based mitigation occurs for
explosive activities to observe for floating vegetation prior to commencing firing or an explosive
detonation until the floating vegetation is clear from the mitigation zone. For mitigation, the
term “floating vegetation” refers specifically to concentrations of detached kelp paddies and
other marine vegetation. Many of these activities will not occur in seafloor resource mitigation
areas, which would benefit vegetation that occurs there.

Attached macroalgae grow quickly and are resilient through high levels of wave action (Mach et
al., 2007), which may aid in their ability to withstand underwater explosions that occur near
them. Attached macroalgae typically need hard or artificial substrate in order to grow. The
potential distribution of attached macroalgae can be inferred by the presence of hard or
artificial substrate that occurs at depths of less than 200 m throughout the Study Area. See
Section 3.1 of the 2020 SEIS/OEIS for information regarding the distribution of hard substrate in
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the Study Area. If attached macroalgae are in the immediate vicinity of an explosion, only a
small number of them are likely to be affected relative to their total population level. Only
explosions occurring on or at shallow depth beneath the surface have the potential to affect
floating macroalgae. Sea surface or underwater explosions could uproot or damage marine
vascular plants if activities overlap with areas where they are rooted.

The potential for marine vascular plants (seagrass and eelgrass) to be affected by underwater
and surface explosions is unlikely as seagrass and eelgrass may have very limited overlap with
explosives training areas. Eelgrass are much less resilient to disturbance than marine algae;
regrowth after uprooting can take up to 10 years (Dawes et al., 1997). Explosions may also
temporarily increase the turbidity (sediment suspended in the water) of nearby waters, but the
sediment would settle to pre-explosion conditions within a number of days. Sustained high
levels of turbidity may reduce the amount of light that reaches vegetation. This scenario is not
likely because seagrass and eelgrass do not overlap with explosives training areas.

C.3.3 Energy Stressors

Energy stressors are not applicable to vegetation and are therefore not discussed further in this
section.

C.3.4 Physical Disturbance and Strike Stressors
C.3.4.1 Effects from Vessels and In-Water Devices

Several different types of vessels (ships, submarines, boats, amphibious vehicles) and in-water
devices (e.g., towed devices, unmanned underwater vehicles) are used during military
readiness activities within the Study Area, as described in Chapter 2. Vessel and in water device
movements occur intermittently, are variable in duration (ranging from a few hours to a few
weeks) and are dispersed within the Study Area. Events involving large vessels are widely
spread over offshore areas, while smaller vessels are more active in nearshore areas.

The potential effects from vessels and in-water devices used during military readiness activities
on vegetation are based on the vertical distribution of the vegetation. Vessels and in-water
devices may affect vegetation by striking or disturbing vegetation on the sea surface or seafloor
(Spalding et al., 2003). In the open ocean, marine algae on the sea surface have a patchy
distribution. Marine algae could be temporarily disturbed if struck by moving vessels or by the
propeller action of transiting vessels. These strikes could also injure the organisms that inhabit
marine algal mats, such as sea turtles, seabirds, marine invertebrates, and fish. Marine algae
are resilient to winds, waves, and severe weather that could sink the mat or break it into
pieces. Effects on marine algae by strikes may collapse the pneumatocysts (air sacs) that keep
the mats afloat. Evidence suggests that some floating marine algae will continue to float even
when up to 80 percent of the pneumatocysts are removed (Zaitsev, 1971).

Vegetation on the seafloor, such as marine vascular plants and macroalgae, may be disturbed
by amphibious combat vehicles, manned and unmanned underwater vehicles, as well as during
Range Modernization and Sustainment activities or Dive and Salvage Operations (e.g., refloating
grounded vessels, raising and lowering dive vessels). For example, new cable installation or old
cable removal/replacement could impact marine vegetation where the cable crosses the
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nearshore environment. Seagrasses are resilient to the lower levels of wave action that occur in
sheltered estuarine shorelines, but are susceptible to vessel propeller scarring (Sargent et al.,
1995). Seagrasses could take up to 10 years to fully regrow and recover from propeller scars
(Dawes et al., 1997). Seafloor macroalgae may be present in locations where these vessels
occur, but the effects would be minimal because of their resilience, distribution, and biomass.
Because seafloor macroalgae in coastal areas are adapted to natural disturbances, such as
storms and wave action that can exceed 32.8 ft. (10 meters [m]) per second (Mach et al., 2007),
macroalgae will quickly recover from vessel movements. Macroalgae that is floating in the area
may be disturbed by amphibious combat vehicle activities, but the effect would not be
detectable because of the small amount of macroalgae in areas where these activities occur
and will not be considered further in this section.

Towed in-water devices include towed targets that are used during activities such as missile
exercises and gun exercises. These devices are operated at low speeds either on the sea surface
or below it. The analysis of in-water devices will focus on towed surface targets because of the
potential for effects on marine algae.

Unmanned underwater vehicles and autonomous underwater vehicles are used in military
readiness activities in the Study Area. They are typically propeller driven and operate within the
water column or crawl along the seafloor. The propellers of these devices are typically encased,
eliminating the potential for seagrass propeller scarring. Although algae on the seafloor could
be disturbed by these devices, unmanned underwater vehicles are not expected to compromise
the health or condition of algae for the same reasons given for vessel disturbance.

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

In open ocean areas, vessel strikes of vegetation would be limited to floating marine algae.
Vessel and in-water device movements may disperse or injure floating algal mats. Because algal
distribution is patchy, mats may re-form, and events would be on a small spatial scale, military
readiness activities involving vessel movement would not affect the general health of marine
algae. Mitigation measures would ensure that vessels avoid large algal mats or other sensitive
vegetation that other marine life depend on for food or habitat; these measures would
safeguard this vegetation type from vessel strikes. This Standard Operating Procedure for
vessels is “Watch personnel monitor their assigned sectors for any indication of danger to the
ship and the personnel on board, such as a floating or partially submerged object or piece of
debris, periscope, surfaced submarine, wisp of smoke, flash of light, or surface disturbance.” In
addition, as a standard collision avoidance procedure, prior to deploying a towed in-water
device from a manned platform, the Navy and USCG search the intended path of the device for
any floating debris, objects, or animals (e.g., driftwood, concentrations of floating vegetation,
marine mammals) that have the potential to obstruct or damage the device. This standard
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operating procedure benefits marine mammals, sea turtles, and vegetation through a reduction
in the potential for physical disturbance and strike by a towed in-water device.

C.3.4.2 Effects from Military Expended Materials

Military expended materials can potentially affect marine vascular plants on the seafloor by
disturbing, crushing, or shading, which may interfere with photosynthesis. If a marine vascular
plant is not able to photosynthesize, its ability to produce energy is compromised. However, the
intersection of marine vascular plants and military expended materials is limited. Marine
vascular plants generally grow in waters that are sheltered from wave action such as estuaries,
lagoons, and bays (Phillips & Mefiez, 1988). Locations for most military readiness activities
where materials are expended do not provide this type of habitat. The potential for detectable
effects on marine vascular plants from expended materials would be based on their size or low
density (e.g., small projectiles, small decelerators/parachutes, endcaps, and pistons) of most of
the materials that could be used in or drift into these areas from offshore. Larger, denser
materials, such as non-explosive practice munitions and sonobuoys would be used farther
offshore and are likely to sink rapidly where they land. Falling materials could cause bottom
sediments to be suspended. Resuspension of the sediment could affect water quality and
decrease light exposure, but since it would be short-term (hours), stressors from military
expended materials would not likely affect the general health of marine vascular plants.

Small-, Medium-, and Large-Caliber Projectiles. Small-, medium-, and large-caliber non-
explosive practice munitions, or fragments of high-explosive projectiles, expended during
military readiness activities rapidly sink to the seafloor. Most of these projectiles would be
expended in the open ocean areas of the Study Area. Because of the small sizes of the
projectiles and their casings, damage to marine vegetation is unlikely. Large-caliber projectiles
are primarily used in offshore areas at depths greater than 85 ft., while small- and medium-
caliber projectiles may be expended in both offshore and coastal areas (at depths mostly less
than 85 ft.). Marine algae could occur where these materials are expended, but seagrasses
generally do not because these activities do not normally occur in water that is shallow enough
for seagrass to grow.

Bombs, Missiles, and Rockets. Bombs, missiles, and rockets, or their fragments (if high
explosive) are expended offshore (at depths mostly greater than 85 ft.) during military
readiness activities and rapidly sink to the seafloor. Marine algae could occur where these
materials are expended. However, marine vascular plants generally would not occur where
these materials are expended because these activities do not normally occur in water that is
shallow enough for marine vascular plants to grow.

Decelerators/Parachutes. Decelerators/parachutes of varying sizes are used during military
readiness activities. The annual number of decelerators and parachutes that would be
expended at sea under each alternative are discussed in Section 3.0.4.1. Marine algae and other
marine vascular plants could occur where these materials are expended.

Targets. Many military readiness activities use targets. Targets that are hit by munitions could
break into fragments. Target fragments vary in size and type, but most fragments are expected
to sink. Pieces of targets that are designed to float are recovered when practical. Target
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fragments would be spread out over large areas. Marine algae could occur where these
materials are expended.

Countermeasures. Defensive countermeasures (e.g., chaff, flares, and acoustic devices) are
used to protect against incoming weapons (e.g., missiles). Chaff is made of aluminum-coated
glass fibers, and flares are pyrotechnic devices. Chaff, chaff canisters, and flare end caps are
expended materials. Chaff and flares are dispensed from aircraft or fired from ships. Floating
marine algal mats could occur in any of the locations that these materials are expended.

C.3.4.3 Effects from Seafloor Devices

Seafloor devices use sandy substrates, devoid of marine vegetation, to the greatest extent
practicable. Marine plant species found within the relatively shallow waters of the Study Area
are adapted to natural disturbance and recover quickly from storms, as well as from wave and
surge action. Installation of seafloor devices may affect vegetation in benthic habitats, but the
effects would be temporary and would be followed by rapid (i.e., within a few weeks) recovery.

Installation and maintenance of mine warfare training areas and installation of other training
areas involve seafloor disturbance where those activities would take place. Installation of mine
warfare equipment would occur on soft, typically sandy, sediments and would not occur near
shallow water reefs. Refer to the description of Modernization and Sustainment of Ranges in
Section 2.3.3 of Chapter 2 and Section A.5 of Appendix A (Military Readiness Activity
Descriptions).

C.3.5 Entanglement Stressors

Entanglement stressors are not applicable to marine vegetation and are therefore not
discussed further in this section.

C.3.6 Ingestion Stressors

Ingestion stressors are not applicable to vegetation and are therefore not discussed further in
this section.

C.3.7 Secondary Stressors

This section discusses potential effects on marine vegetation exposed to stressors indirectly
through effects on habitat and prey availability.

C.3.7.1 Effects on Habitat

Section 3.1 and Section 3.3 consider the effects on marine sediments and water quality and
abiotic habitats from explosives and explosion byproducts, metals, chemicals other than
explosives, and other materials (marine markers, flares, chaff, targets, and miscellaneous
components of other materials). One example from the sediment and water quality analysis of
a local effect on water quality could be an increase in cyanobacteria associated with munitions
deposits in marine sediments. Cyanobacteria may proliferate when iron is introduced to the
marine environment, and this proliferation can affect adjacent habitats by releasing toxins and
can create hypoxic conditions. Introducing iron into the marine environment from munitions or
infrastructure is not known to cause toxic red tide events; rather, these harmful events are
more associated with natural causes (e.g., upwelling) and the effects of other human activities
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(e.g., agricultural runoff and other coastal pollution) (Hayes et al., 2007). High-order explosions
consume most of the explosive material, leaving only small or residual amounts of explosives
and combustion products. Many combustion products are common seawater constituents. All
combustion products are rapidly diluted by ocean currents and circulation. Explosives
byproducts from high-order detonations present no indirect stressors to marine vegetation
through sediment or water.

The analysis included in Section 3.1 determined that neither state nor federal standards or
guidelines for sediments or water quality would be violated by the No Action Alternative,
Alternative 1, or Alternative 2. Because standards for sediment and water quality would not be
violated, population-level effects on marine vegetation are not likely to be detectable and are
therefore inconsequential. Therefore, because these standards and guidelines are structured to
protect human health and the environment, and the proposed activities do not violate them,
no indirect effects are anticipated on vegetation from the military readiness activities proposed
by the No Action Alternative, Alternative 1, or Alternative 2.

Other materials that are re-mobilized after their initial contact with the seafloor (e.g., by waves
or currents) may continue to strike or abrade marine vegetation. Secondary physical strike and
disturbances are relatively unlikely because most expended materials are denser than the
surrounding sediments (e.g., metal) and are likely to remain in place as the surrounding
sediment moves. Potential secondary physical strike and disturbance effects may cease when
(1) the military expended material is too massive to be mobilized by typical oceanographic
processes, (2) the military expended material becomes encrusted by natural processes and
incorporated into the seafloor, or (3) the military expended material becomes permanently
buried. Although individual organisms could be affected by secondary physical strikes, the
viability of populations or species would not be affected.

C.3.7.2 Effects on Prey Availability

Prey availability as a stressor is not applicable to vegetation and will not be discussed further in
this section.

(o} Marine Invertebrates
C.4.1 Acoustic Stressors
C.4.1.1 Background

A summary of available information related to each type of effect is presented in the following
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 present. 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 phase, all sound waves appear to originate from a single point, and
pressure levels decrease predictably with distance. The boundary between the near and far
field is frequency-dependent, with the near field extending farther at lower frequencies. It has
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been estimated that the near field for a sound of 500 Hertz (Hz) (intensity not specified) would
extend about 3 m from the source (Myrberg, 2001).

C.4.1.1.1 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 statocyst, an organ sensitive to water
particle motion and responsible for balance and orientation in some invertebrates. A few
studies have also investigated effects to appendages and other organs, and one study
investigated zooplankton mortality in response to air gun firing.

The following studies provided updated information regarding the potential for temporary
hearing loss among invertebrates exposed to acoustic stressors.

e Soléetal. (Solé et al., 2021) investigated the effect of sinusoidal wave sweeps on a
gastropod (apple snail, Pomacea maculate) and found damage to the statocysts.
However, the experiment was conducted in tanks with exposures to 4—-400 Hz sweeps at
157 dB plus or minus 5 dB re 1 pPa with peak Sound Pressure Level (SPL) up to 175 dB re
1 uPa for 2 hours.

e Solé etal. (Solé et al., 2023a) investigated the effect of artificial sound on the sea
anemone (Calliactis parasitica) and its host, the red hermit crab (Dardanus calidus), and
found damage to statocysts. However, the experiment was conducted in tanks with
exposures to continuous 50—400 Hz frequencies at 157 plus or minus 5 dB re 1 pPa2
with peak levels up to 175 dB re uPa2 for 2 hours.

e Soléetal. (Solé et al., 2023b) investigated the effect of natural sounds and sinusoidal
wave sweeps on bluecrabs and found some damage to sensory statocysts. However, the
experiment was conducted in a tank maze with exposures to continuous 100-500 Hz
sinusoidal wave sweeps at 171 dB re 1 pPa with peak levels up to 180 dB re 1 pPa for 2
hours.

Researchers have investigated the effects of noise on American lobsters exposed to air gun
firings in an aquarium and in the field (Payne et al., 2007). Lobsters in the aquarium were
placed about 3.5 m from the air guns and exposed to sound levels of about 200 dB (peak-to-
peak). Caged lobsters in the field were located 2 m from the air guns and exposed to higher-
intensity sound levels (about 230 dB peak-to-peak). No physical damage to appendages 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
found. Caged snow crabs (Chionoecetes opilio) were exposed to repeated air gun firings in the
field (Christian et al., 2003). Crabs exposed to a single air gun were placed at depths of 2-15 m,
while crabs exposed to air gun arrays were placed at depths of 4 m. Air guns were fired during
multiple sessions, with each session consisting of a firing every 10 seconds for 33 minutes. Peak
received levels were up to 207 decibels referenced to 1 micropascal (dB re 1 uPa) and 187
decibels referenced to 1 squared micropascal (dB re 1 pPa?) (single gun), and 237 dB re 1 pPa
and 175 dB re 1 uPa? (array). Post-experimental examination showed no physical damage to
statocysts, hepatopancreata, heart muscle or surrounding tissue, carapace, or appendages. As a
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comparison, air guns operated at full capacity during military readiness activities would
produce an SPL of approximately 206 dB re 1 uPa root mean squared (rms) and a sound
exposure level (SEL) of 185—-196 decibels referenced to 1 micropascal squared per second (dB re
1 puPa?-s) at a distance 1 m from the air gun. Air guns are also operated at less than full capacity,
resulting in reduced sound levels.

In three instances, seismic air gun use has been hypothesized as the cause of giant squid
strandings. This was based on the proximity in time and space of the squid and operating
seismic vessels and, in two of the events, to physical injuries considered consistent with
exposure to impulsive acoustic waves (Guerra & Gonzales, 2006; Guerra et al., 2004; Leite et al.,
2016). However, because the animals were not observed at the time of potential effect, the
cause(s) of the injuries and strandings cannot be determined conclusively.

Zooplankton abundance and mortality was investigated in the context of exposure to air gun
firings in an open ocean environment (McCauley et al., 2017). Net tows and sonar surveys were
conducted after transects involving air gun firings were completed. The results indicated
decreased zooplankton abundance and increased mortality as a result of exposure. The most
abundant organisms (copepods and cladocerans [water fleas]) showed a 50 percent decrease in
abundance at distances of about 500—700 m from the source. Received noise level at this
distance was about 156 dB re 1 pPa%-s SEL and 183 dB re 1 pPa peak-to-peak. There was no
effect on the abundance of these specific taxa at distances of about 1 kilometer (km) from the
source (153 dB re 1 pPa2-s SEL and 178 dB re 1 pPa peak-to-peak). However, an overall
decrease in zooplankton abundance was reported at distances to about 1.2 km from the
source. The authors speculated that the effects could have been caused by damage to external
sensory hairs on the organisms. Recent studies by Vereide et al. (2025) found zooplankton
biomass exhibited a consistent distribution in line with hydrography and chlorophyll
distribution, before and after airgun exposure. Kiihn et al. (2025) found more copepods
jumped, with higher relative jumping counts per individual, following a non-linear relationship
with distance from the seismic source and sinking duration decreased, while swimming lasted
longer during shoot periods.

Physiological studies of wild captured cephalopods found progressive damage to statocysts in
squid and octopus species after exposure to two hours of low-frequency (50-400 Hz) sweeps
(100 percent duty cycle) at SPL of 157-175 dB re 1 uPa (André et al., 2011; Solé et al., 2013). It
is noted that the 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 experiment designed to
control for possible confounding effects of experimental tank walls, common cuttlefish (Sepia
officinalis) were exposed to two hours of low-frequency sweeps (100 to 400 Hz; 100 percent
duty cycle with a 1-second sweep period) in an offshore environment (Solé et al., 2017). Sounds
were produced by a transducer located near the surface, and caged experimental animals were
placed at depths between 7 and 17 m. Received sound levels ranged from 139to 142 dBre 1
uPa2. Maximum particle motion of 0.7 meter per squared second was recorded at the cage
nearest the transducer (7.1 m between source and cage). Progressive damage to sensory hair
cells of the statocysts were found immediately after and 48 hours after sound exposure, with
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the severity of effects being proportional to distance from the transducer. The authors suggest
that whole-body vibrations resulting from particle motion were transmitted to the statocysts,
causing damage to the structures. Statocyst damage was also found in captive individuals of
two jellyfish species (Mediterranean jellyfish [Cotylorhiza tuberculata] and barrel jellyfish
[Rhizostoma pulmo]) under the same exposure parameters (50-400 Hz sweeps; two-hour
exposure time; 100 percent duty cycle with a one-second sweep period; approximately 157 to
175 dB re 1 pPa received SPL) (Sole et al., 2016). In the context of overall invertebrate
population numbers, most individuals exposed to acoustic stressors would be in the far field
where particle motion would not occur and, therefore, the types of damage described above
would not be expected. In addition, exposure duration would be substantially less than two
hours. Solé et al. (2023b) found crabs exposed to natural sounds (marine background noise)
and sounds of their predators did not show significant differences in foraging behavior.

This limited information suggests that the potential for statocyst damage may differ according
to the type of sound (impulsive or continuous) or among invertebrate taxa (e.g., crustaceans
and cephalopods). Therefore, a definitive conclusion regarding potential effects on
invertebrates in general is unsupported. Although invertebrate occurrence varies based on
location, depth, season, and time of day (for example, the rising of the deep scattering layer,
which consists of numerous invertebrate taxa), individuals could be present in the vicinity of
impulsive or non-impulsive sounds produced by military readiness 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 waters
compared to abundances in offshore portions of the Study Area. The number of individuals
affected would be influenced by sound sensing capabilities. Invertebrate acoustic sensing is
probably limited to the particle motion component of sound. Water particle motion is most
detectable near a sound source and at lower frequencies, which likely limits the range at which
invertebrates can detect sound.

C.4.1.1.2 Physiological Stress

A stress 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 duration
of the 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 relevant
biochemicals in the subject organisms.

The results of two investigations of 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 distances of
approximately 2—4 m from the source (Payne et al., 2007). Increased deposits of carbohydrates,
suggesting a possible stress response, were noted in digestive gland cells four months after
exposure. Conversely, repeated air gun exposures caused no changes in biochemical stress
markers in snow crabs located from 2 to 170 m from 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 levels indicating stress in common
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prawns (Palaemon serratus) (30-minute exposure to sound levels of 100 to 140 dB re 1 pPa
rms) and European spiny lobsters (30-minute exposure to sound levels up to 125 dB re 1 pPa
rms) (Celi et al., 2015; Filiciotto et al., 2016; Filiciotto et al., 2014). Increased oxygen
consumption, potentially indicating stress, was found in shore crabs exposed to ship-noise
playback of 148 to 155 dB re 1 pPa for 15 minutes (Wale et al., 2013b). Red swamp crayfish
(Procambarus clarkii) exposed to 30-minute continuous acoustic sweeps (frequency range of
0.1 to 25 kilohertz (kHz), peak amplitude of 148 dB rms at 12 kHz) showed changes in some
biochemical levels indicating stress (Celi et al., 2013). Captive sand shrimp (Crangon crangon)
exposed to low-frequency noise (30 to 40 dB above ambient) continuously for three months
demonstrated decreases in growth rate and reproductive rate (Lagardere, 1982).
Mediterranean mussels (Mytilus galloprovincialis) exposed to 30-minute continuous acoustic
sweeps (frequency range of 0.1 to 60 kHz, maximum SPL of 150 dB rms re 1 pPa), although
exhibiting no behavioral changes at any tested frequency, showed statistically significant
increases in some biochemical stress indicators (e.g., glucose and heat shock protein) in the
low-frequency exposure category (0.1 to 5 kHz) (Vazzana et al., 2016). Changes in glucose levels
were found in blue crabs (Callinectes sapidus) exposed to low-frequency sound (broadband
noise with a significant component of 60 Hz at approximately 170 dB re 1 uPa SPL) and mid-
frequency pulsed tones and chirps (1.7 to 4 kHz at approximately 180 dB re 1 puPa SPL) (Dossot
et al., 2017).

In addition to experiments on adult invertebrates, some studies have investigated the effects of
impulsive and non-impulsive noise (air guns, boat noise, turbine noise) on invertebrate eggs
and larvae. Data on similar effects resulting from sonar are currently unavailable.
Developmental delays and body malformations were reported in New Zealand scallop (Pecten
novaezelandiae) larvae exposed to seismic air gun playbacks at frequencies of 20 Hz to 22 kHz
with SPL of 160-164 dB re 1 puPa (Aguilar de Soto et al., 2013). Although uncertain, the authors
suggested physiological stress as the cause of the effects. Larvae in the relatively small (2 m
diameter) experimental tank were considered close enough to the acoustic source to
experience particle motion, which would be unlikely at the same pressure levels in the far field.
Playbacks occurred once every three seconds and the larvae were periodically examined over
the course of 90 hours. Snow crab eggs located in 2 m water depth and exposed to repeated
firings of a seismic air gun (peak received SPL was 201 dB re 1 puPa) had slightly increased
mortality and apparent delayed development (Christian et al., 2003). However, Dungeness crab
(Metacarcinus magister) zoeae were not affected by repeated exposures to an air gun array
(maximum distance of about 62 ft. slant distance) (Pearson et al., 1994), and exposure of
southern rock lobster (Jasus edwardsii) eggs to air gun SELs of up to 182 dB re 1 pPa?-s did not
result in embryonic developmental effects (Day et al., 2016). An investigation of the effects of
boat noise playback on the sea hare (Stylocheilus striatus) found reduced embryo development
and increased larvae mortality, but no effect on the rate of embryo development (Nedelec et
al., 2014). Specimens were exposed to boat-noise playback for 45 seconds every five minutes
over a 12-hour period. Continuous playback of simulated underwater tidal and wind turbine
sounds resulted in delayed metamorphosis in estuarine crab larvae (Austrohelice crassa and
Hemigrapsus crenulatus) that were observed for up to about 200 hours (Pine et al., 2016).
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Overall, the results of these studies indicate the potential for physiological effects in some, but
not all, adult invertebrates exposed to air guns near the source (about 2—4 m) and to boat and
other continuous noise for durations of 15-30 minutes or longer. Larvae and egg development
effects were reported for impulsive (distance from source of about 2 m) and non-impulsive
noise exposures of extended duration (intermittently or continuously for several to many
hours) and for air gun playback and field exposure, although air gun noise had no effect in one
study. In general, exposure to continuous noise such as vessel operation during training or
testing events would occur over a shorter duration and sound sources would be more distant
than those associated with most of the studies. Adverse effects resulting from short exposure
times have not been shown experimentally. A range to effects was not systematically
investigated for air gun use. Experiments using playback of air gun and boat noise were
conducted in relatively small tanks where particle motion, which decreases rapidly with
distance, could have been significant. Marine invertebrate egg and larval abundances are high
relative to the number of adults, and eggs and larvae are typically subject to high natural
mortality rates. These factors decrease the likelihood of population-level effects resulting from
effects on eggs and larvae from physiological stress associated with military readiness activities.

C.4.1.1.3 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 also potentially lead to behavioral changes.

Little is known about how marine invertebrates use sound in their environment. Some studies
show that crab and oyster larvae and post-larvae may use nearby reef sounds when in their
settlement phase. Orientation and movement toward reef sounds was found in larvae located
at 60—80 m from a sound source in open water, and in experimental tanks (distance from the
sound source was about 150 cm in one laboratory study) (Radford et al., 2007; Stanley et al.,
2010; Vermeij et al., 2010). The component of reef sound used is generally unknown, but an
investigation found that low-frequency sounds (200—1,000 Hz) produced by fish at dawn and
dusk on a reef were the most likely sounds to be detectable a short distance from the reef
(Kaplan & Mooney, 2016). Marine invertebrates may also use sound to communicate and avoid
predators (Popper et al., 2001). Crabs (Panopeus species) exposed to playback of predatory fish
vocalizations reduced foraging activity, presumably to avoid predation risk (Hughes 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 settlement cues or predators, and potentially
affect larval settlement patterns or survivability in highly modified acoustic environments
(Simpson et al., 2011). Low-frequency sounds could interfere with perception of low-frequency
rasps or rumbles among crustaceans, particularly when conspecific sounds are produced at the
far end of the hearing radius. Military readiness activities occurring relatively far from shore
would produce transient sounds potentially resulting in only intermittent, short-term masking,
and would be unlikely to affect the same individuals within a short time. Military readiness
activities would generally not occur at known reef sites within the probable reef detection
range of larvae. Effects could be more likely in locations where anthropogenic noise occurs
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frequently within the perceptive range of invertebrates (e.g., pierside locations in estuaries).
There are likely many other non-Navy and non-USCG noise sources present in such areas, and
potential effects on invertebrates would be associated with all anthropogenic sources.

C.4.1.1.4 Behavioral Reactions

Behavioral reactions refer to alterations of natural behaviors due to exposure to sound. Most
investigations involving invertebrate behavioral reactions have been conducted in relation to
air gun use, and vessel noise. Studies of air gun effects on marine invertebrates (crustaceans
and cephalopods) have typically been conducted with equipment used for seismic exploration,
and the 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
dB re 1 pPa) (Christian et al., 2003). Studies of commercial catch of rock lobsters (Panulirus
cygnus) and multiple shrimp species in the vicinity of seismic prospecting showed no long-term
adverse effects to catch yields, implying no detectable long-term effects on abundance from
intermittent anthropogenic sound exposure over long periods (Andriguetto-Filho et al., 2005;
Parry & Gason, 2006). Conversely, squid have exhibited various behavioral reactions when
exposed to impulsive noise such as air gun firing (McCauley et al., 2000). Some squid showed
strong startle responses, including inking, when exposed to the first shot of broadband sound
from a nearby seismic air gun (received SEL of 174 dB re 1 puPa rms). Strong startle response
was not seen when sounds were gradually increased, but the squid exhibited alarm responses
at levels above 156 dB re 1 uPa rms (McCauley et al., 2000). Southern reef squids (Sepioteuthis
australis) exposed to air gun noise displayed alarm responses at levels above 147 dB re 1 pPa?-s
(Fewtrell & McCauley, 2012).

Common prawns and European spiny lobsters exposed to 30 minutes of boat noise playback in
frequencies of 200 Hz to 3 kHz (sound levels of approximately 100 to 140 dB SPL [prawns] and
75 to 125 dB SPL [lobsters]) showed behavioral responses including changes in movement
velocity, and distance moved, as well as time spent inside a shelter (Filiciotto et al., 2016;
Filiciotto et al., 2014). Common cuttlefish exposed to playback of underwater ferry engine noise
for 3.5 minutes (maximum sound level of about 140 dB re 1 pPa SPL) changed color more
frequently, swam more, and raised their tentacles more often than control specimens or
individuals exposed to playback of wave sounds (Kunc et al., 2014). Shore crabs (Carcinus
maenas) exposed to ship noise playback did not exhibit changes in the ability or time required
to find food, but feeding was often suspended during the playback (Wale et al., 2013a).
Japanese littleneck clams and Norway lobsters exposed to playback of ship noise for seven days
at received levels of 135-140 dB re 1 yPa exhibited reactions such as reduced activity,
movement, and valve closing (Solan et al., 2016). Brittlestars (A. filiformis) included in the study
showed no overall statistically detectable behavioral changes, although individual animals were
affected. Antarctic krill (Euphausia superba) did not respond to a research vessel approaching at
2.7 knots (source level below 150 dB re 1 pPa) (Brierley et al., 2003). Decreased activity levels
were found in blue crabs exposed to low-frequency broadband sound with a significant
component of 60 Hz (approximately 170 dB re 1 uPa SPL) and mid-frequency pulsed tones and
chirps (1.7-4 kHz at approximately 180 dB re 1 uPa SPL) (Dossot et al., 2017). Exposure to low-
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frequency sounds resulted in more pronounced effects than exposure to mid-frequency
sounds. American lobsters appeared to be less affected than crabs.

A limited number of studies have investigated behavioral reactions to non-impulsive noise
other than that produced by vessels. Red swamp crayfish exposed to 30-minute continuous
acoustic sweeps (frequency range of 0.1-25 kHz, peak amplitude of 148 dB rms at 12 kHz)
exhibited changes in social behaviors (Celi et al., 2013). Caribbean hermit crabs (Coenobita
clypeatus) delayed reaction to an approaching visual threat when exposed to continuous noise
(Chan et al., 2010a; Chan et al., 2010b). The delay potentially put them at increased risk of
predation, although the studies did not address possible simultaneous distraction of predators.
Razor clams (Sinonovacula constricta) exposed to white noise and sine waves of 500 and 1,000
Hz responded by digging at a sound level of about 100 dB re 1 pPa (presumably as a defense
reaction) but did not respond to sound levels of 80 dB re 1 uPa (Peng et al., 2016).
Mediterranean mussels exposed to 30-minute continuous acoustic sweeps (frequency range of
0.1 to 60 kHz, maximum SPL of 150 dB rms re 1 pPa) showed no statistically significant
behavioral changes compared to control organisms (Vazzana et al., 2016).

The results of these studies indicate that at least some invertebrate taxa would 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, sound source levels for air gun use are
within the range of received levels that have caused behavioral effects in some species (Solan
et al., 2016). The low-frequency component of vessel noise would likely be detected by some
invertebrates, although the number of individuals affected would be limited to those near
enough to a source to experience particle motion.

C.4.1.2 Effects from Sonar and Other Transducers

Many non-impulsive sounds associated with military readiness activities are 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 low-frequency sounds, such as could be approximated by some low-
frequency sonars. Invertebrate species detect sound through particle motion, which diminishes
rapidly with distance from the sound source. Therefore, the distance at which they may detect
a sound is probably limited. Most activities using sonar or other transducers would be
conducted in deep-water, offshore portions of the Study Area and are not likely to affect most
benthic invertebrate species (including Endangered Species Act [ESA]-proposed sunflower sea
stars), although invertebrates in the water column could be affected. Sonar is also used in
shallow water during pierside testing and maintenance testing.

Invertebrate species generally have their greatest sensitivity to sound below 1 to 3 kHz (Kunc et
al., 2016) and would therefore not be capable of detecting mid- or high-frequency 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 found statocyst
damage, elevated levels of biochemicals indicative of stress, changes in larval development,
masking, and behavioral reactions under experimental conditions. Noise exposure in the

C-34

Non-Acoustic Effects Supporting Information



Northwest Training and Testing
Supplemental EIS/OEIS Draft September 2026

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
than that expected to occur during military readiness activities, and factors such as
environmental conditions (captive versus wild conditions) may affect individual responses (Celi
et al., 2013). Individuals of species potentially susceptible to statocyst damage (e.g., some
cephalopods) could be physically affected by nearby noise. Available research has shown
statocyst damage to occur after relatively long-duration exposures (two hours), which would be
unlikely to occur to individual invertebrates due to transiting sources and potential invertebrate
movement. An exception is pierside sonar testing and maintenance testing, where
invertebrates (particularly sessile or slow-moving taxa such as bivalve molluscs, hydroids, and
marine worms) could be exposed to sound for longer time periods compared to at-sea
activities. Some studies also indicate the potential for effects on invertebrate larval
development resulting from exposure to non-impulsive noise (continuous or intermittent
exposures over time periods of 12—-200 hours) although, similar to stress effects, sonar has not
been studied specifically. Masking could affect behaviors such as larvae settlement,
communication, predator avoidance, and foraging in mollusc, and crustacean species.

C.4.1.3 Effects from Vessel Noise

Physiological effects included biochemical changes indicative of stress in crustacean species,
decreased growth and reproduction in shrimp, and changes in sea hare embryo development. It
is also possible that vessel noise may contribute to masking of relevant environmental sounds,
such as predator detection or reef sounds. Low-frequency reef sounds are used as a settlement
cue by the larvae of some invertebrate species. Behavioral 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 non-impulsive 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, and behavioral reactions. Noise exposure in several of the studies using boat and
other continuous noise sources occurred over a duration of 3.5-30 minutes to captive
individuals unable to escape the stimulus. In other studies, noise playback ranged from hours to
days (and up to three months in one investigation) of continuous or intermittent exposure.
Given the duration of exposure, direct applicability of the results to military readiness activities
is uncertain for mobile species. However, it is possible that invertebrates in the Study Area that
are exposed to vessel noise could exhibit similar reactions.

While commercial vessel traffic and associated noise is relatively steady over time, Navy and
USCG vessel traffic is episodic in the ocean. Activities involving vessel movements occur
intermittently and are variable in duration, ranging from a few hours to a few weeks. Vessels
engaged in military readiness activities may consist of a single vessel involved in unit-level
activity for a few hours or multiple vessels involved in a major training exercise that could last a
few days within a given area. In the West Coast Exclusive Economic Zone, ships are estimated to
contribute roughly 10 percent of the total large vessel broadband energy noise (Mintz, 2012).
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C.4.1.4 Effects from Weapons Noise

Underwater sound produced by weapons firing, launch, and impact of non-explosive practice
munitions would be greatest near the surface and would attenuate with depth. However, the
potential for in-air weapons noise to affect invertebrates would be small. Much of the energy
produced by muzzle blasts and flying projectiles is reflected off the water surface. Sound
generally enters the water only in a cone beneath the blast or projectile trajectory (within 13 to
14 degrees of vertical for muzzle blast noise, and 65 degrees behind the projectile in the
direction of fire for projectile shock waves). An SEL of 180 to 185 dB re 1 puPa?-s was measured
at water depth of 5 ft. directly below the muzzle blast of the largest gun analyzed, at the firing
position closest to the water. Different weapons and angles of fire would produce less sound in
the water. Bow waves from supersonic projectiles produce a brief “crack” noise at the surface,
but transmission of sound into the water is minimal. Launch noise fades rapidly as the missile or
target moves downrange and the booster burns out. Hull vibration from large-caliber gunfire
produces only a small level of underwater noise. For example, analysis of 5-in. gun firing found
that energy transmitted into the 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 from non-explosive practice munition strikes on the water surface could affect a
somewhat 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 noise produced
by muzzle blasts and effect of large non-explosive practice munitions. Effects would likely be
limited to pelagic invertebrates, such as squid, jellyfish, and zooplankton, located near the
surface. Injury and physiological stress has not been found in limited studies of invertebrates
exposed to impulsive sound levels comparable to those produced beneath the muzzle blast of a
5-in. gun. Behavioral reactions have not been found in crustaceans but have been observed for
squid. While squid could display short-term 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. Although prolonged exposure to repeated 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 effects would be unlikely to affect development. 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 occur infrequently. Weapons firing and launch
typically occurs greater than 12 NM from shore, which because of the water depths would
substantially limit the sound level reaching the bottom. Therefore, effects on benthic
invertebrates (e.g., bivalve molluscs, worms, and crabs) are unlikely.

C.4.2 Explosive Stressors
C.4.2.1 Background

Explosions may affect invertebrates at the water surface, in the water column, or on the
bottom. The potential for effects is influenced by typical detonation scenarios and invertebrate
distribution. The majority of explosions would occur in the air or at the surface, with relatively
few at the bottom (Appendix A, Military Readiness Activity Descriptions), which would decrease
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the potential for effects on benthic invertebrate species. Surface explosions typically occur
during the day at offshore locations more than 12 NM from shore. There is a general pattern of
lower invertebrate abundance in offshore portions of the Study Area compared to relatively
productive estuarine and nearshore waters. Therefore, the typical offshore location of
detonations would result in fewer invertebrates potentially exposed to detonation effects. In
addition, invertebrate 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 associated rapid
pressure changes. For example, gas-containing 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 shock waves. Most marine
invertebrates lack air cavities and are therefore comparatively less vulnerable to damaging
effects of pressure waves. A report summarizing the results of all known historical experiments
(from 1907 to the 1980s) involving invertebrates and detonations concluded that marine
invertebrates are generally insensitive to pressure-related damage from underwater explosions
(Keevin & Hempen, 1997). Limited studies of crustaceans have examined mortality rates at
various distances from detonations in shallow water (Aplin, 1947; Chesapeake Biological
Laboratory, 1948; Gaspin et al., 1976). Similar studies of molluscs have shown them to be more
resistant than crustaceans to explosive effects (Chesapeake 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 detonations (Gaspin et al., 1976).
Data from these experiments were used to develop curves that estimate the distance from an
explosion beyond which at least 90 percent of certain adult benthic marine invertebrates would
survive, depending on the weight of the explosive (Young, 1991) (Figure C-1). For example, 90
percent of crabs would survive a 200-1b. explosion if they are greater than about 350 ft. from
the source, and shrimp, lobster, and oysters are less sensitive (i.e., greater survivability) to
underwater explosions than crabs. Similar information on the effects of explosions to
planktonic invertebrates and invertebrate larvae is not available.
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Figure C-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 explosions associated 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, crustaceans, echinoderms and molluscs, could be affected. Net explosive weight (NEW)
for activities involving detonations on or near the bottom is relatively low. Most detonations
occurring on or near the bottom would have a NEW of 60 Ib. or less, although some explosives
would be up to 500-Ib. NEW. Based on the estimates, most benthic marine invertebrates
beyond approximately 275 ft. from a 60 Ib. 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 suitable
for their colonization. A blast in the vicinity of hard substrate could cause direct effects on
invertebrate polyps or early life-stages, or fragmentation and siltation of the attached
invertebrate. For example, in one study, moderate to substantial recovery from a single small
blast directly on a reef was observed within five years, but reef areas damaged by multiple
blasts showed no evidence of recovery during the six-year observation period (Fox & Caldwell,
2006). In another study, modeling results indicated that deep-water corals off Alaska damaged
by trawling activities could require over 30 years to recover 80 percent of the original biomass
(Rooper et al., 2011). The extent of trawling damage is potentially greater than that associated
with detonations due to the small footprints of detonations compared to the larger surface
area typically affected by trawling, as well as the avoidance of known live hard bottom habitat
during activities involving detonations. While the effects of trawling activities and underwater
detonations are not directly comparable, the trawling model results illustrate the extended

C-38

Non-Acoustic Effects Supporting Information



Northwest Training and Testing
Supplemental EIS/OEIS Draft September 2026

recovery time that may be required for deep-water coral regrowth following physical
disturbance.

Effects on benthic 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 the coastal large 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 high-relief
areas of the continental shelf break (e.g., canyons, outcrops) or open ocean (e.g., seamounts).

The applicability of the mortality distance estimates to invertebrates located in the water
column is unknown. However, detonations that occur near the surface release a portion of the
explosive energy into the air rather than the water, reducing effects on invertebrates 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 detonation could be killed or injured.
Cavitation is where the reflected shock wave creates a region of negative pressure followed by
a collapse, or water hammer. The number of organisms affected by explosions at the surface or
in the water column 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 surface at night (e.g., squid and
zooplankton) typically move down in the water column during 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
impulsive sound produced by an explosion. At some distance, impulses lose their high-pressure
peak and take on characteristics of non-impulsive acoustic waves. Invertebrates that detect
impulsive or non-impulsive sounds may experience stress or exhibit behavioral reactions in
response to the sound. Repetitive impulses during multiple explosions, such as during a surface
firing exercise, may be more likely to cause avoidance reactions. However, the distance 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 produced in water during
military readiness 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, would be very brief.

C.4.3 Energy Stressors
C.4.3.1 Effects from In-Water Electromagnetic Devices

Several different types of electromagnetic devices are used during military readiness activities.
Information on the types of activities that use in-water electromagnetic devices is provided in
Appendix B (Activity Stressor Matrices).

Little information is available regarding marine invertebrates’ susceptibility to electromagnetic
fields. Magnetic fields are not known to control spawning or larval settlement in any
invertebrate species. Existing information suggests sensitivity to electric and magnetic fields in
at least three marine invertebrate phyla: Mollusca, Arthropoda, and Echinodermata (Bureau of
Ocean Energy Management, 2011; Lohmann & Lohmann, 2006; Lohmann et al., 1995). A
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possible magnetic sense has been suggested in jellyfish as well, although this has not been
demonstrated experimentally (Fossette et al., 2015). Much of the available information on
magnetic field sensitivity of marine invertebrates pertains to crustaceans. For example, a
magnetic compass sense has been demonstrated in the spiny lobster (Panulirus argus)
(Lohmann & Lohmann, 2006; Lohmann et al., 1995), and researchers suggest subtle behavioral
response to magnetic fields of about 1 millitesla (1,000 microtesla) in the Dungeness crab and
American lobster (Woodruff et al., 2013). A review of potential effects of undersea power
cables on marine species provides a summary of numerous studies of the sensitivity of various
invertebrate species to electric and magnetic fields (Bureau of Ocean Energy Management,
2011). Electric field sensitivity is reported in the summary for only two freshwater crayfish
species, while magnetic field sensitivity is reported for multiple marine invertebrate species,
including molluscs, crustaceans, and echinoderms. Sensitivity thresholds range from 300 to
30,000 microtesla, depending on the species. Most responses consisted of behavioral changes,
although non-lethal physiological effects were noted in two sea urchin species in a 30,000
microtesla field (embryo development) and a marine mussel exposed to 300—700 microtesla
field strength (cellular processes). Marine invertebrate community structure was not affected
by placement of energized underwater power cables with field strengths of 73—100 microtesla
(Love et al., 2016). Effects to eggs of the sea urchin Paracentrotus lividus and to brine shrimp
(Artemia spp.) cysts have been reported at relatively high magnetic field strengths (750—
25,000 microtesla) (Ravera et al., 2006; Shckorbatov et al., 2010). The magnetic field generated
by the Organic Airborne and Surface Influence Sweep (a typical electromagnetic device used in
Navy military readiness activities) is about 2,300 microtesla at the source. Field strength drops
quickly with distance from the source, decreasing to 50 microtesla at 4 m, 5 microtesla at 24 m,
and 0.2 microtesla at 200 m from the source. Therefore, temporary disruption of navigation
and directional orientation is the primary effect considered in association with magnetic fields.

Studies of the effects of low-voltage direct electrical currents in proximity to marine
invertebrates suggest a beneficial effect on at least some species at appropriate current
strength. Eastern oysters (Crassostrea virginica) and various stony and soft corals occurring on
substrates exposed to low-voltage 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., 2012). It is theorized that the benefits may result from a
combination of more efficient uptake of calcium and other structure-building minerals from the
surrounding seawater, increased cellular energy production, and increased pH near the
electrical currents. The beneficial effects were noted in a specific range of current strength;
higher or lower currents resulted in either no observable effects or adverse effects. The
moderate voltage and current associated with the Organic Airborne and Surface Influence
Sweep are not expected to result in adverse effects to invertebrates. In addition, due to the
short-term, transient nature of electromagnetic device use, there would be no beneficial effects
associated with small induced electrical currents in structures colonized by invertebrates.

C.4.4 Physical Disturbance and Strike Stressors

Most marine invertebrate populations extend across wide areas containing hundreds or
thousands of discrete patches of suitable habitat. Sessile invertebrate populations may be
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connected by complex currents that carry adults and young from place to place. Effects on such
widespread populations are difficult to quantitatively evaluate in terms of military readiness
activities that occur intermittently and in relatively small patches in the Study Area.
Invertebrate habitats generally cover enormous areas and, in this context, a physical strike or
disturbance would affect individual organisms directly or indirectly, but not to the extent that
viability of populations of common species would be affected. While the potential for overlap
between activities and invertebrates is reduced for those species living in rare habitats, if
overlap does occur, any potential effects would be amplified for those invertebrate species or
taxa with limited spatial extent. Examples of such organisms include attached invertebrates
such as mussels and sponges, which are mostly restricted to hard bottom habitat or artificial
habitat.

With few exceptions, activities involving vessels and in-water 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 benthic or habitat-forming
marine invertebrates would result from amphibious activities, bottom-crawling unmanned
underwater vehicles, military expended materials, and seafloor devices.

With the exception of habitat-forming benthic taxa (e.g., oysters, sea pens, and sponges), most
small invertebrate populations recover quickly from non-extractive disturbance. Many large
invertebrates, such as crabs, shrimps, and clams, undergo massive disturbance during
commercial and recreational harvests, storms, or beach restoration activities.

Biogenic habitats such as shallow reefs, deep-water coral, and sponge communities may take
decades to regrow following a strike or disturbance (Jennings & Kaiser, 1998; Precht et al.,
2001). However, bottom-disturbing activities are not conducted on mapped hard bottom. In
soft bottom areas, recovery of benthic invertebrate populations after substantial human
disturbance depends on factors such as size of the area disturbed, bottom topography,
hydrodynamics of the affected area, seasonality of the disturbance, and the size and typical
growth rate of affected species. Most studies of the effects of beach sand nourishment projects
(which is a proxy for effects due to amphibious landings) have reported initial declines in
benthic invertebrate populations due to burial and increased turbidity (which may affect filter-
feeding capability), but subsequent recovery over time scales of weeks to years (Posey &
Alphin, 2002; U.S. Army Corps of Engineers, 2001, 2012; Wilber et al., 2009). Recovery is
typically greatest at nourishment 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 years. Similarly,
repeated and intense bottom fishing disturbance can result in a shift from communities
dominated by relatively high-biomass individuals towards dominance by high abundance of
small-sized organisms (Kaiser et al., 2002). If activities are repeated at the same site, the
benthic invertebrate community composition could be altered over time (years), especially for
sessile invertebrates (e.g., coral). Some bottom-disturbing activities, such as mine
countermeasures and neutralization training and testing, precision anchoring may occur in the
same locations or near the same locations yearly.
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C.4.4.1 Effects from Vessels and In-Water Devices

Vessels

Most of the military readiness activities under all the alternatives involve vessels. For a
discussion of the types of activities that use vessels and where they are used, refer to Appendix
B (Activity Stressor Matrices).

Vessels could affect adults and other life stages of marine invertebrates by directly striking
organisms, or by disturbing the water column or sediments (Bishop, 2008). Species that occur
at or near the surface (e.g., jellyfish, squid) would potentially be exposed to direct vessel
strikes. Exposure to propeller-generated turbulence was found to result in mortality in a
zooplankton species (the copepod Acartia tonsa) located near the surface (Bickel et al., 2011).
However, many pelagic invertebrates such as squid and zooplankton move away from the
surface during the day, reducing potential exposures during daytime vessel operations. Many
vessel hulls have a hydrodynamic shape, and pelagic marine invertebrates are therefore
generally disturbed, rather than struck, as the water flows around a vessel. 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 the upper portion of the water column within 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 urchin (Strongylocentrotus purpuratus) (Mead & Denny, 1995). Although the available
information indicates that developmental stages of numerous invertebrate species could be
physically affected, broadcast-spawning invertebrates produce very large numbers of eggs and
planktonic larvae that typically experience high mortality rates under normal conditions
(Nybakken, 1993). Any effects resulting from Navy and USCG vessel operation would be
biologically insignificant by 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 vessel operation 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 during nearshore and inshore training or testing
activities, and along dredged navigation channels. Invertebrates on or near the bottom in such
relatively shallow areas could be affected by sediment disturbance or direct strike during
amphibious landings. Few sources of information are available on the effect of non-lethal
chronic vessel disturbance to marine invertebrates. One study of seagrass-associated marine
invertebrates, such as amphipods and polychaetes, found that chronic disturbance from vessel
wakes resulted in the long-term displacement of some marine invertebrates from the affected
shallow-water area (Bishop, 2008). However, invertebrates that typically occur in areas
associated with nearshore or inshore activities, such as shorelines, are highly resilient to vessel
disturbance. They are regularly disturbed by natural processes such as high-energy waves and
longshore currents and generally recover quickly. Potential exceptions include sessile or
encrusting invertebrates that may occur along sheltered shorelines that are subject to a high
frequency of boat propeller- or wake-induced erosion (Grizzle et al., 2002; Zabawa & Ostrom,
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1980). Increased erosion of shoreline banks or suspension of bottom sediments may cause
turbidity that affects filter-feeding invertebrates. 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 from small 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 predation (Bilkovic et al., 2017).

Non-amphibious vessels avoid contact with the bottom to prevent damage to the vessels and
benthic habitat that supports encrusting organisms. The encrusting organisms (e.g., mussels
and oysters) living on hard substrate in the ocean are exposed to strong currents under natural
conditions and would not likely be affected by propeller wash. Many activities occur in offshore
areas and, therefore, would be unlikely to affect benthic invertebrates.

Invertebrates that occur on the bottom, organisms associated with hard bottom, and deep-
water corals, are not likely to be exposed to vessel strikes. Propeller movement has the
potential to disrupt sediments that could affect shallow-water hard bottom communities.

In-Water Devices

Some of the military readiness activities under both action alternatives involve the use of in-
water devices, including remotely operated vehicles, unmanned surface vehicles, unmanned
underwater vehicles, motorized autonomous targets, and towed devices. For a discussion of
the types of activities that use in-water devices, see Appendix B (Activity Stressor Matrices). See
Appendix E for the types, sizes, and speeds of representative in-water devices used in the Study
Area.

In-water devices can operate from the water’s surface to the benthic zone. The devices could
potentially affect 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 device due to the hydrodynamic shape.
In addition, in-water devices are smaller than most Navy and USCG vessels, decreasing the
surface area in which invertebrates could be struck. The 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 are typically operated at speeds of 1 to 15 knots). Unmanned
surface vehicles are operated at the greatest speeds (up to 50 knots or more) and therefore
have greater potential to strike invertebrates. However, 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 day (Nybakken, 1993), when unmanned surface
vehicles are typically operated. In-water 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
infrequent and would affect a small area, and disturbed areas would be quickly reoccupied by
benthic invertebrates.
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As discussed for vessels, zooplankton and invertebrate eggs and larva could be displaced,
damaged, injured, or killed by propeller wash or turbulence resulting from water flow around
in-water devices. Effects due to turbulence would generally increase with increasing speed of
the device. Many zooplankton species migrate away from the surface during the day, when
military readiness activities typically are conducted, decreasing the potential for effects in the
upper portions of the water column. The number of individuals affected would be small in
comparison to overall populations, and the affected species generally exhibit rapid growth and
recovery rates.

C.4.4.2 Effects from Military Expended Materials

Military expended materials are deposited within the Study Area. However, most military
expended materials are deposited within established range complexes and testing ranges.
These areas of higher military expended materials deposition are generally located away from
the coastline on the continental shelf and slope and beyond (e.g., abyssal plain). Physical
disturbance or strikes by military expended materials on marine invertebrates is possible at the
water’s surface, through the water column, and on the bottom. However, disturbance or strike
effects on marine invertebrates by military expended materials falling through the water
column are not very likely because military expended materials do not generally sink 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 water’s surface and on the bottom.

Potential effects on invertebrates generally consist of physical trauma, stress or behavioral
responses, abrasion, and shading. Military expended materials may injure or kill invertebrates
by directly striking individuals, causing 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
invertebrates or are 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 underneath 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
effects such as briefly increased energy expenditure, decreased feeding, and increased
susceptibility to predation. Expended items could also cause increased turbidity that could
affect filter-feeding species, although such effects are likely to be localized and temporary.

Military expended materials that impact the water surface could directly strike zooplankton,
the gametes, embryos, and larvae of various invertebrate species and a small number of adult
invertebrates (e.g., squid, jellyfish, swimming crabs). However, many zooplankton and squid are
absent from the surface water column during the day when most military readiness activities
occur. Inert military expended materials also have the potential to impact the water and
produce a large impulse which could disturb nearby invertebrates. Potential effects on
invertebrates resulting from impulsive sound and shock waves are discussed in Section 3.8.2.1.1
(Effects from Explosive Stressors). In addition to direct strike of invertebrates and production of
impulsive sound, surface water impacts could affect physical properties of the surrounding
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water (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 species. However, physical changes to the water column would be
localized and temporary, persisting for only a few minutes.

Compared to surface waters and offshore areas, a greater number of macroinvertebrates
typically occurs on the bottom and closer to shore. Benthic invertebrate taxa, including
sponges, cnidarians, worms, bryozoans, molluscs, arthropods, and echinoderms, may occur in
areas affected by military expended materials. However, some of the most sensitive benthic
species are more likely to occur on hard bottom, reefs, and other hard substrates. Shallow-
water reefs are protected by mitigation measures from most activities that generate military
expended materials. Military expended materials that impact the bottom may affect
invertebrates 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 behavioral reactions 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 may also occur 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 processes or become otherwise
immobilized.

Sessile marine invertebrates and infauna (organisms attached to the bottom 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 bottom. Some
susceptible species (e.g., hydroids, sponges) have 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 mussel beds. Decelerators/parachutes would be
unlikely to be carried by currents onto reef structures due to the typical offshore locations of
use and the sink rate of the items. Expended items may provide new colonization sites for
benthic invertebrates.

Potential effects on invertebrates associated with hard bottom habitat, or deep-water corals
present the greatest risk of long-term damage compared with other bottom communities
because: (1) many hard bottom invertebrates are sessile, fragile, and particularly vulnerable; (2)
many of these organisms grow slowly and could require decades 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 deep-water corals or invertebrates located on hard bottom habitat is
low, given their low percent cover on suitable habitat.

Military Expended Materials

Military expended materials that are munitions and associated with training activities include
small-, medium-, and large-caliber projectiles, bombs, missiles, rockets, and grenades.
Fragments of exploded munitions are also included because they can result in effects on
invertebrates that are similar to those associated with smaller intact munitions. Military
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expended materials associated with testing activities are the same except that there are no
grenades. Military readiness activities in the Study Area include firing a variety of weapons and
using a variety of non-explosive training and testing rounds, including small-, medium-, and
large-caliber projectiles. Large-caliber projectiles are primarily used in the open ocean beyond
20 NM from shore. Direct strike from bombs, missiles, and rockets would result in types of
effects 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 about 3 ft. of the sea surface, where marine invertebrates larger than
zooplankton are relatively infrequent.

Military expended materials other than munitions associated with military readiness activities
include a large number of items such as aerial countermeasures, targets (surface and aerial),
mine shapes, decelerators/parachutes, acoustic countermeasures, sonobuoys, and other
materials such as torpedo accessories, concrete slugs, marine markers, bathythermographs,
endcaps, and pistons. Some expended materials used during military readiness activities,
including some types of torpedoes and targets, non-explosive mine shapes, and bottom-placed
instruments, are recovered.

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

Decelerators/parachutes of varying sizes are used during military readiness activities and may
be deployed from aircraft or vessels. Similar to other marine debris such as derelict fishing gear,
decelerators/parachutes may kill or injure sessile benthic invertebrates due to covering/shading
or abrasion. Activities that expend sonobuoy and air-launched torpedo decelerators/parachutes
generally occur in relatively deep water away from the shore; however, there is some potential
for near shore effects from testing events using sonobuoys to conduct mine detection in
nearshore environments. Decelerators/parachutes expended over deep offshore areas may
affect deep-water invertebrates (particularly sessile species) by disturbance, strikes, burial,
smothering, or abrasion. For example, a decelerator/parachute could cover a sponge or deep-
water coral and impair feeding.

Proportional affect analysis determined that the total bottom area affected by all military
expended materials in all training areas would be about 145 acres annually, ranging from less
than 1 acre to about 120.5 acres in specific range complexes and substrate types. This
represents much less than 1 percent of available bottom habitat in any range complex. In
addition to expended items, recovered materials would temporarily disturb approximately 10
acres of bottom habitat in all training areas combined. The substrate types and associated
invertebrate assemblages within the potentially disturbed areas are difficult to predict, as
discussed in Appendix F (Military Expended Materials, Direct Strike, and Vessel Strike
Supporting Information). Activities conducted within the Study Area have the potential to affect
hard bottom communities as well as invertebrates within all other habitat types. Activities
occurring at depths of less than about 3,000 m may affect deep-water corals. Consequences
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could include damage, injury, or mortality because of projectiles, munitions, or other items.
Decelerators/parachutes, wires, and cables could also affect 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 affect
individual invertebrates or invertebrate assemblages. Effects would be most pronounced if all
the materials expended within the applicable depth range were deposited on areas of hard
substrate supporting long-lived, sessile organisms such as deep-water corals, because it may be
assumed that many of the benthic invertebrates present in the impact area footprint would be
killed, injured, displaced, or disturbed by the expended materials. In addition, some previously
undisturbed bottom area would be affected by activities in subsequent years. Conversely,
effects would be less if the materials were deposited on soft bottom areas containing
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 scenario of all expended
materials being deposited on such substrate is unrealistic. Deep-water stony corals are
relatively rare in the Study Area, and most species are solitary. Hard and mixed bottom types,
which support the occurrence of deep-water corals other than sea pens account for about 10
percent of the substrate from the shelf to depths of 3,000 m (Clarke et al., 2015). These habitat
types are often associated with seamounts, banks, and canyons. Based on the results of limited
investigation, a low percentage of available hard substrate may be inhabited by deep-water
corals or other invertebrate species (Harter et al., 2009; U.S. Department of the Navy, 2010a). It
is expected that most of the bottom type affected would be soft substrate (Appendix F, Military
Expended Materials, Direct Strike, and Vessel Strike Supporting Information). Therefore,
although it is possible for a portion of expended items to affect hard substrate and associated
sensitive invertebrate communities, the number of exposed individuals would not likely affect
the overall viability of populations or species. While the potential for overlap between military
readiness activities and invertebrates is reduced for those species living in rare habitats, if
overlap does occur, any potential effects would be amplified for those invertebrate species or
taxa with limited spatial extent. With the exception of some shallow-water corals, detailed
distribution and habitat utilization information sufficient to support species-specific analysis is
generally unavailable.

C.4.4.3 Effects 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, see Appendix B (Activity Stressor
Matrices). Seafloor devices include items that are placed on, dropped on, or moved along the
substrate for a specific purpose, and include mine shapes, anchor blocks, anchors, bottom-
placed instruments, bottom-crawling unmanned underwater vehicles, bottom placed targets
that are recovered (not expended), and submerged object recovery devices. Placement or
deployment of seafloor devices would cause disturbance, injury, or mortality to marine
invertebrates within the footprint of the device. These items could potentially break hard
substrate and associated biogenic habitats. Objects placed on the bottom may attract
invertebrates or provide temporary attachment points for invertebrates. Some invertebrates
attached to the devices would be removed from the water when the devices are recovered. A
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large shallow depression may remain for some time in the soft bottom sediment where an
anchor was dropped, potentially altering the suitability of the affected substrate for benthic
invertebrates temporarily (possibly months). In addition, some proposed activities such as
submerged object recovery can create depressions or holes in the seafloor up to 100 feet in
diameter that are visible to sonar and would represent a potentially long-term effect (months
to years).

Seafloor devices may also disturb marine invertebrates outside the footprint of the device and
would cause temporary (possibly hours to days) local 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 respiratory organs or impair 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). However, the brief episodes of minor turbidity associated with seafloor devices would
be localized and the effects do not change the substrate type. Compared to overall populations,
relatively few individuals would be affected.

Precision anchoring, and the associated potential effects, is qualitatively different than other
seafloor devices because the activity involves repeated disturbance to the same soft bottom
areas. Precision anchoring may result in temporary and localized disturbances to water column
and bottom habitats. For example, an anchor may shift due to changing currents or vessel
movement and the mooring chain may drag across the bottom, causing abrasion and effects on
benthic species (Davis et al., 2016). Anchor impacts on the bottom would likely crush a small
number of benthic invertebrates. Bottom disturbance would result in localized sedimentation
and turbidity, which could smother invertebrates or affect respiration or feeding. Turbidity
would quickly dissipate (i.e., minutes to hours) following the exercise, and many soft bottom
invertebrates are burrowing organisms that would be unaffected by shallow burial. Although
precision anchoring occurs in soft-bottom areas, where invertebrate populations are generally
resilient to disturbance, invertebrates in designated anchorage areas may be prevented from
fully recovering due to long-term use, and benthic composition may be changed compared to
historical conditions.

C.4.5 Entanglement Stressors

This section discusses the potential entanglement effects of the various types of expended
materials used by the during military readiness activities within the Study Area. Included are
potential effects from wires and cables, and decelerators/parachutes. In this section, only
potential effects of these items as entanglement stressors are discussed. Abrasion and
covering/shading effects on sessile benthic invertebrates are discussed with physical effects in
Table B-1 of Appendix B (Activity Stressor Matrices).

Marine invertebrates are likely less susceptible than vertebrates to entanglement, as illustrated
by the fact that fishing nets which are designed to take pelagic marine invertebrates operate by
enclosing or entrapping rather than entangling (Chuenpagdee et al., 2003). However,
entanglement may be possible for some species and some expended items. A survey of marine
debris entanglements found that marine invertebrates accounted for 16 percent of all animal
entanglements (Ocean Conservancy, 2010). The same survey cites potential entanglement in
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military items only in the context of waste-handling aboard ships, and not for military expended
materials. A summary of the effects of litter on various marine species identified potential
effects on some invertebrate taxa, particularly mobile benthic species such as crabs and
seastars, that may become entangled in debris (e.g., nets) after attempting to move through
the items (National Oceanic and Atmospheric Administration Marine Debris Program, 2014a).
The potential for a marine invertebrate to become entangled in wires, cables, or
decelerators/parachutes is considered remote. The materials generally do not have the
characteristics required to entangle marine species. Wires and cables are essentially rigid lines.
Sonobuoy components may include plastic mesh and a float unit. Although mesh items have
increased potential for entangling marine animals in general, and invertebrates can become
entangled in nets (Ocean Conservancy, 2010), invertebrates are not particularly susceptible to
entanglement in these items. Decelerators/parachutes have large openings between the cords
separating the decelerator/parachute fabric from the release mechanism. There is no plausible
scenario in which decelerator/parachute cords would tighten around and hold a mobile
invertebrate. Decelerators/parachutes sink slowly through the water column, although many
have weights attached to their lines to speed their sinking. Invertebrates in the water column
with limited mobility (e.g., jellyfish, zooplankton) could be trapped in decelerator/parachute
fabric as it sinks. The potential effects of decelerators/parachutes covering sessile invertebrate
species on the bottom are discussed in Table B-1 in Appendix B (Activity Stressor Matrices).

C.4.5.1 Effects from Wires and Cables

Fiber-optic cables, torpedo guidance wires, sonobuoy wires, and expendable
bathythermograph wires would be expended during military readiness activities. For a
discussion of the types of activities that use wires and cables, see Appendix B (Activity Stressor
Matrices).

A marine invertebrate could become temporarily entangled and escape unharmed, it could be
held 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. The probability of these outcomes
cannot be predicted because interactions between invertebrate species and entanglement
hazards are not well known. However, it is unlikely that an invertebrate would become
entangled in wires or cables. The items would be essentially linear after deployment, as they
sink through the water column. Once the items reach the bottom, they could be moved into
different shapes or loop around objects due to water currents, but the items are not expected
to form tight coils, and the possibility of an invertebrate being ensnared is remote. The wires
and cables would eventually become buried in sediment or encrusted by marine growth, which
would eliminate or further reduce the entanglement potential. The small number of items
expended across the Study Area results in an extremely low rate of potential encounter for
marine invertebrates.

C.4.6 Ingestion Stressors

This section discusses the potential ingestion effects of the various types of military expended

materials used during military readiness activities within the Study Area, which may be broadly
categorized as munitions and materials other than munitions. The following types of materials
could become ingestion stressors during military readiness activities in the Study Area: non-
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explosive practice munitions (small- and medium-caliber), fragments from high-explosives,
fragments from targets, chaff and flares, chaff and flare accessories (including end caps,
compression pads or pistons, and o-rings), and small decelerators/parachutes. Very few
invertebrates are large enough to ingest intact small- and medium-caliber munitions and
casings; potential effect resulting from these items would be limited to a few taxa such as squid
and octopus. Other military expended materials such as targets, large-caliber projectiles, intact
training and testing bombs, guidance wires, sonobuoy tubes, and marine markers are too large
for any marine invertebrate to consume and are eliminated from further discussion.

Expended materials could be ingested by marine invertebrates within the Study Area. Ingestion
could occur at the surface, in the water column, or at the bottom, 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.g., jellyfish,
squid), while materials that sink to the bottom present a higher risk to both filter-feeding sessile
(e.g., sponges) and bottom-feeding animals (e.g., crabs). Most military expended materials and
fragments of military expended materials are too large to be ingested by marine invertebrates,
and relatively large predatory or scavenging individuals are unlikely to consume an item that
does not visually or chemically resemble food (Koehl et al., 2001; Polese et al., 2015). Many
arthropods such as blue crab (Callinectes sapidus) and spiny lobster are known to discriminate
between palatable and unpalatable food items inside the mouth, so in a strict sense, only items
that are passed into the interior digestive tract should be considered to be ingested (Aggio et
al., 2012). If expended material is ingested by marine invertebrates, the primary risk 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 for more
information on the chemical properties of these materials). However, pollutants (e.g., heavy
metals and PCBs) may accumulate on the plastic components of some military expended
materials. Plastic debris pieces collected at various locations in the North Pacific Ocean had
polycyclic aromatic hydrocarbons and pesticides associated with them (Rios et al., 2007).
Relatively large plastic pieces could be ingested by some species. However, filter- or deposit-
feeding invertebrates have the greatest potential to ingest small plastic items, and any
associated pollutants could harm the individual animal or subsequently be incorporated into
the food chain.

The potential for marine invertebrates to encounter fragments of ingestible size increases as
the military expended materials degrade into smaller fragments over months to decades. Intact
munitions, fragments of munitions, and other items could degrade into metal and plastic pieces
small enough to be consumed by indiscriminate feeders, such as some marine worms. Deposit-
feeding, detritus-feeding, and filter-feeding invertebrates such as amphipods, polychaete
worms, zooplankton, and mussels have been found to consume microscale plastic particles
(microplastics) that result from the breakdown of larger plastic items (National Oceanic and
Atmospheric Administration Marine Debris Program, 2014c; Wright et al., 2013). Ingestion by
these types of organisms is the most likely pathway for degraded military expended materials
to enter the marine food web. Transfer of microplastic particles to higher trophic levels was
demonstrated in one experiment (Setala et al., 2014). Ingestion of microplastics may result in
physical effects such as internal abrasion and gut blockage, toxicity due to leaching of
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chemicals, and exposure to attached pollutants. Potentially harmful bacteria may also grow on
microplastic particles (Kirstein et al., 2016). In addition, consumption of microplastics may
result in decreased consumption of natural foods such as algae (Cole et al., 2013). Microplastic
ingestion by marine worms was shown in one study to result in lower energy reserves (Wright
et al., 2013). Microplastic ingestion has been documented in numerous marine invertebrates
(e.g., mussels, worms, mysid shrimp, bivalve molluscs, and zooplankton (Cole et al., 2013; Hall
et al., 2015; Setala et al., 2016; Wright et al., 2013). In an experiment involving pelagic and
benthic marine invertebrates with different feeding methods, all species exposed to
microplastic particles ingested some of the items (Setala et al., 2016). Deposit-feeding worms
and an amphipod species ingested the fewest particles, while bivalves and free-swimming
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 particles from the body. Overall population-level effects across a broad range
of species are currently uncertain (Kaposi et al., 2014; Wright et al., 2013).

The most abundant 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 invertebrate would likely encounter because of military readiness activities.
Chaff fibers are composed of an aluminum alloy coating on glass fibers of silicon dioxide. Chaff
is similar in form to fine human hair, and is somewhat analogous to the spicules of sponges or
the siliceous cases of diatoms (U.S. Department of the Navy, 1999). Many invertebrates ingest
sponges, including the spicules, without suffering harm (U.S. Department of the Navy, 1999).
Marine invertebrates may occasionally encounter chaff fibers in the marine environment and
may incidentally ingest chaff when they ingest prey or water. Literature reviews and controlled
experiments suggest that chaff poses little environmental risk to marine organisms at
concentrations that could reasonably occur from military readiness activities (Arfsten et al.,
2002; U.S. Department of the Navy, 1999). Studies were conducted to determine the effects of
chaff ingestion on various estuarine invertebrates occurring near a site of frequent chaff testing
in Chesapeake Bay (Schiff, 1977). American oysters (various life stages), blue crabs (Callinectes
sapidus), blue mussels (Mytilus edulis), and the polychaete worm Nereis succinea were force
fed a chaff-and-food mixture daily for a few weeks at concentrations 10—-100 times the
predicted exposure level in the Bay. Although some mortality occurred in embryonic oyster
larvae from 0 to 48 hours, the authors suggest confounding factors other than chaff (e.g.,
contaminated experimental water) as the cause. The authors reported no statistically
significant mortality or effects on growth rate for any species. Because many invertebrates
(e.g., crabs, shrimp) actively distinguish between food and non-food particles, the experimental
design represents an unrealistic scenario with respect to the amount of chaff consumed. An
investigation of sediments in portions of Chesapeake Bay exposed to aluminized chaff release
for approximately 25 years found no significant increase in concentration compared to samples
collected 3.7 km from the release area (Wilson et al., 2002).

As described in Section 3.8.1 (Affected Environment), many thousands of marine invertebrate
species inhabit the Study Area. Most available literature regarding the effects of debris
ingestion on marine invertebrates pertains to microplastics (Goldstein & Goodwin, 2013;
National Oceanic and Atmospheric Administration Marine Debris Program, 2014c; Wright et al.,
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2013). Discussion of potential consumption of larger items is typically focused on fishes, sea
turtles, marine mammals, and seabirds. Consequently, it is not possible to speculate in detail on
which invertebrates in which locations might ingest all types of military expended materials.
Despite the potential effects, it is reasonable to conclude that relatively large military expended
materials would not be intentionally consumed by actively foraging invertebrates unless they
are attracted by other cues (e.g., visual cues such as flashing metal bits that squid might attack).
Passively-feeding invertebrates (e.g., shellfish, jellyfish) may accidentally ingest small particles
by filtration or incidental adhesion to sticky mucus. The potential for effects on invertebrates
from ingestion of military expended materials is also related to the locations of military
readiness activities relative to invertebrate population densities. 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
tends to occur. Conversely, activities that generate military expended materials occur mostly
seaward of nearshore water. Small deposit-feeding, detritus-feeding, and filter-feeding
invertebrates would be most likely to ingest small items such as degraded plastic particles,
although lobsters reportedly may also ingest microplastics (National Oceanic and Atmospheric
Administration Marine Debris Program, 2014c). Though ingestion is possible in some
circumstances, due to the overall size and composition of military expended materials, effects
on populations would likely not be detectable.

C.4.6.1 Effects from Military Expended Materials — Munitions

Ingestion of intact military expended materials that are munitions is not likely for most types of
expended items because they are too large to be ingested by most marine invertebrates.
Though ingestion of intact munitions or large fragments is conceivable in some circumstances
(e.g., arelatively large invertebrate such as an octopus or lobster ingesting a small-caliber
projectile), such a scenario is unlikely due to the animal’s ability to discriminate between food
and non-food items. Indiscriminate deposit- and detritus-feeding invertebrates such as some
marine worms could potentially ingest munitions fragments that have degraded to sediment
size. Metal particles in the water column may be taken up by suspension feeders (e.g.,
copepods, mussels) (Chiarelli & Roccheri, 2014; Griscom & Fisher, 2004), although metal
concentrations in the water are typically much lower than concentrations in sediments (Bazzi,
2014; Brix et al., 2012).

C.4.7 Secondary Stressors

This section discusses potential effects on marine invertebrates exposed to stressors indirectly
through effects on their habitat (sediment or water quality) or prey. The assessment of
potential water and sediment quality stressors refers to previous sections (Section 3.1) and
addresses specific activities in local environments that may affect invertebrate habitats. The
terms “indirect” and “secondary” do not imply reduced severity of environmental
consequences but instead describe how the effect may occur in an organism or its ecosystem.
Stressors from military readiness activities that could pose indirect effects on marine
invertebrates via habitat or prey include: (1) explosives and explosive byproducts, (2) chemicals
other than explosives, and (3) metals.
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Explosives and Explosive Byproducts

Secondary effects on invertebrates resulting from explosions at the surface, in the water
column, or on the bottom would be associated with changes to habitat 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 sediment over 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 bottom or within 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., sponges).

Explosions in the water column or on the bottom could affect invertebrate prey species. Some
species of most invertebrate taxa prey upon other invertebrate species, with prey items ranging
in size from zooplankton to relatively large shrimps and crabs. Therefore, in a 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 passively rather than through active pursuit. Therefore, fish
mortality resulting from an explosion would reduce the number of potential prey items for
invertebrates that consume fish. In addition to mortality, fish located near a detonation would
likely be startled and leave the area, temporarily reducing prey availability until the affected
area is repopulated.

Some invertebrates (e.g., worms, crustaceans, sea stars) are scavengers that would feed on any
vertebrate or invertebrate animal that is killed or significantly impaired by an explosion.
Therefore, scavenging invertebrates that are not killed or injured themselves could benefit from
physical effects on other animals resulting from explosions in the water column or on the
bottom.

High-order explosions consume most of the explosive material, leaving only small or residual
amounts of explosives and combustion products. Most of the combustion products of TNT, such
as carbon dioxide and nitrogen, are common seawater constituents, although other products
such as carbon monoxide are also produced (Becker, 1995). Other explosive compounds may
produce different combustion products. All combustion products are rapidly diluted by ocean
currents and circulation (see Section 3.1.4.1, Explosives and Explosives Byproducts, of the 2020
SEIS/OEIS). Therefore, explosives byproducts from high-order detonations would not degrade
sediment or water quality or result in indirect stressors to marine invertebrates. Low-order
detonations and unexploded munitions present an elevated potential for effects on marine
invertebrates. Deposition of undetonated explosive materials into the marine environment can
be reasonably estimated by the known failure and low-order detonation rates of high
explosives (Section 3.1.4.1, Explosives and Explosives Byproducts of the 2020 SEIS/OEIS).
Explosive material not completely consumed during a detonation from munitions disposal and
mine clearing training are collected after the activities are completed; therefore, potential
effects are likely inconsequential and not detectable for these activities.
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Exposure to relatively high concentrations of various explosive materials in sediments and in
the water may result in lethal and sub-lethal effects to invertebrates. The type and magnitude
of effects appear to be different among various invertebrate species and are also influenced by
the type of explosive material and physical characteristics of the affected water and sediment.
For example, lethal toxicity has been reported in some invertebrate species (e.g., the amphipod
Eohaustorius estuarius) exposed to trinitrotoluene (i.e., TNT), while mortality has not been
found in other species (e.g., the polychaete worm Neanthes arenaceodentata), even when
exposed to very high concentrations (Rosen & Lotufo, 2005). Exposure to water-borne explosive
materials has been found to affect reproduction or larval development in bivalve, sea urchin,
and polychaete worm species (Lotufo et al., 2013). Invertebrates 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 sub-lethal effects have often been
associated with exposure to higher concentrations of explosive materials than the
concentrations expected to occur in marine or estuarine waters of the Study Area due to
military readiness activities.

Indirect effects of explosives and unexploded munitions on marine invertebrates via sediment
are possible near the munitions. Rosen and Lotufo (2010b) exposed mussels and deposit-
feeding amphipods and polychaete worms to levels of TNT and royal demolition explosive
potentially associated with a breached munition or low-order detonation. The authors found
concentrations in the sediment above toxicity levels within about 1 in. of the materials,
although no statistical increase in mortality was observed for any species. Concentrations
causing toxicity were not found in the water column. Explosive material in the marine
environment is readily degraded via several biotic and abiotic pathways. The results of studies
of explosive material deposition at munitions disposal sites and active military water ranges
suggest that explosives and explosives residues pose little risk to fauna living in direct contact
with munitions, and that sediment is not a significant sink for these materials (Kelley et al.,
2016; Koide et al., 2016; Smith & Marx, 2016). Munitions constituents and degradation
products would likely be detectable only within a few feet of a degrading munition, and the
spatial range of toxic sediment conditions could be less (inches). It has been suggested that the
risk of toxicity to invertebrates in realistic exposure scenarios is negligible (Lotufo et al., 2013).
Indirect effects of explosives and unexploded munitions on marine invertebrates via water are
likely to be inconsequential. 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 likely to occur in 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 worms would be exposed to chemical byproducts only
in the immediate vicinity of degrading explosives (inches or less) due to the low solubility and
dilution by water currents. While marine invertebrates may be adversely affected by the
indirect effects of degrading explosives via water, this is unlikely in realistic scenarios.

Effects on marine invertebrates, including zooplankton, eggs, and larvae, are likely only within a
very small radius of the munition (potentially inches). These effects may continue as the
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munition degrades over decades. Because most munitions are deployed as projectiles, multiple
unexploded or low-order detonations would not likely accumulate on spatial scales as small as
feet to inches; therefore, potential effects are likely to remain local and widely separated.
Explosives, explosives byproducts, and unexploded munitions would therefore generally not be
present in these habitats.

Chemicals Other Than Explosives

Several military readiness activities introduce potentially harmful chemicals into the marine
environment, primarily propellants and combustion products, other fuels, PCBs in target
vessels, other chemicals associated with munitions, and simulants. Ammonium perchlorate (a
rocket and missile propellant) is the most common chemical used. Perchlorate is known to
occur naturally in nitrate salts, such as those from Chile, and it may be formed by atmospheric
processes such as lightning and reactions between ozone and sodium chloride in the air
(associated with evaporated seawater) (Dasgupta et al., 2005; Sijimol & Mohan, 2014; U.S.
Environmental Protection Agency, 2014). Perchlorate may affect metabolic processes in plants
and animals. Effects have been found in earthworms and aquatic (freshwater) insects (Smith,
2002; Srinivasan & Viraraghavan, 2009), although effects specific to marine invertebrates are
unknown. Other chemicals with potential for adverse effects to invertebrates include some
propellant combustion products, such as hydrogen cyanide and ammonia.

Rockets and missiles are highly efficient at consuming propellants (for example, over 99.9
percent of perchlorate is typically consumed) and, therefore, very little residual material would
enter the water column. Additionally, perchlorate does not readily absorb into sediments,
potentially reducing the risk to deposit- and detritus-feeding invertebrates. Torpedoes are
expended in the water and, therefore, torpedo propellant (e.g., Otto Fuel Il) combustion
products would enter the marine environment. Overall, analysis concludes that effects on
sediments and water quality would be minimal for several reasons. The size of the area affected
is large and, therefore, chemicals would not be concentrated. Most propellant combustion
byproducts are benign, and those of concern (e.g., hydrogen cyanide) would be quickly diluted.
Most propellants are consumed during normal operations, and the failure rate of munitions
using propellants and other combustible materials is low. Most byproducts of Otto Fuel Il
combustion occur naturally in seawater, and most torpedoes are recovered after use, limiting
the potential for unconsumed fuel to enter the water. In 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 marine invertebrates, gametes, eggs, or larvae.

Metals

Certain metals and metal-containing compounds (e.g., cadmium, chromium, lead, mercury,
zinc, copper, manganese, and many others) are harmful to marine invertebrates at various
concentrations above background levels (Chan et al., 2012; Negri et al., 2002; Wang & Rainbow,
2008). For example, physiological effects in crabs, limpets, and mussels due to copper exposure
were reported (Brown et al., 2004), although the effects were found at concentrations
substantially higher than those likely to be encountered due to expended materials. Metals are
introduced into seawater and sediments because of military readiness activities involving vessel
hulks, targets, munitions, and other military expended materials. Some effects due to metals
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result from the concentrating effects of bioaccumulation, which is not discussed in this section.
Secondary effects may occur when marine invertebrates are exposed by contact with the
metal, contact with trace amounts in the sediment or water (e.g., from leached metals), and
ingestion of contaminated sediments.

Because metals tend to precipitate out of seawater and often concentrate in sediments,
potential adverse indirect effects are much more likely via sediment than water (Zhao et al.,
2012). However, studies have found the concentrations of metals in the sediments of military
ranges (e.g., Navy training areas such as Vieques, Puerto Rico) or munitions disposal sites,
where deposition of metals is very high, to rarely be above biological effects levels. For
example, researchers sampled areas associated with Vieques in which live ammunition and
weapons were used and found generally low concentrations of metals in the sediment (Kelley
et al., 2016; Pait et al., 2010). Comparison with guidelines suggested by the National Oceanic
and Atmospheric Administration’s National 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 constituents. The concentration of munitions at
Vieques is substantially greater than would occur in the Study Area. Evidence from a number of
studies at military ranges and disposal sites indicates metal contamination is very localized
(Briggs et al., 2016; Kelley et al., 2016; Koide et al., 2016). Effects on invertebrates, eggs, or
larvae would likely be limited to exposure in the sediment within a few inches of the object.

Concentrations of metals in seawater resulting from military readiness activities are unlikely to
be high enough to cause injury or mortality to marine invertebrates. Benthic invertebrates
occurring very near (within a few inches of) Navy- and USCG-derived materials on the seafloor
could be affected by associated metal concentrations, but this is expected to affect relatively
few individuals.

C.5 Marine Habitats
C.5.1 Acoustic Stressors

Acoustic Stressors are not applicable to marine habitats, due to the lack of hearing capabilities
of abiotic habitats and are not discussed further in this section.

C.5.2 Explosive Stressors

In-water detonations are used during various mine warfare training activities, surface-to-
surface gunnery exercises, air-to-surface gunnery, missile, and bombing exercises, in-water
demolition, and other training activities. Likewise, air-to-surface gunnery, missile, and bombing
tests, anti-submarine warfare tracking tests, mine warfare, detection, neutralization tests, and
other testing activities also employ in-water explosives. The potential effects of in-water
detonations on marine habitats are assessed according to size of charge (net explosive weight),
charge radius, height above the bottom, substrate types in the area, and equations linking all
these factors.

Most explosive detonations during training and testing involving the use of high-explosive
munitions, including bombs, missiles, and projectile casings, would occur in the air or near the
water’s surface. Explosives associated with torpedoes, explosive sonobuoys, and explosive
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mines would occur in the water column; demolition charges could occur near the surface, in the
water column, or the ocean bottom. Most surface and water column detonations would occur
in waters greater than 3 NM from shore at water depths greater than 100 ft. and would not be
expected to affect the bottom, although mine warfare and demolition detonations could occur
in shallow water and typically in a few specific locations within the Study Area. This section only
evaluates the effect of explosives placed on the bottom because the physical structure of the
water column is not affected by explosions.

An explosive charge would produce percussive energy that would be absorbed and reflected by
the bottom. Hard bottom would mostly reflect the energy (Berglind et al., 2009), whereas a
crater would be formed in soft bottom (Gorodilov & Sukhotin, 1996). For a specific size of
explosive charge, crater depths and widths would vary depending on depth of the charge and
substrate type. There is a nonlinear relationship between crater size and depth of water, with
relatively small crater sizes in the shallowest water, followed by a spike in size at some
intermediate depth, and a decline to an average flat line (indicating similar crater size for all
charge weights) at greater depth (Gorodilov & Sukhotin, 1996; O'Keeffe & Young, 1984). Radii
of the craters reportedly vary little among unconsolidated substrate types (O'Keeffe & Young,
1984). On substrate types with nonadhesive particles (everything except clay), the effects
should be temporary, whereas craters in clay may persist for years (O'Keeffe & Young, 1984).
Soft substrate moves around with the tides and currents and depressions are only short-lived
(days to weeks) unless they are maintained.

C.5.3 Energy Stressors

Energy stressors are not applicable to habitats, since activities that include the use of energy-
producing devices are typically conducted at or near the surface of the water and would not
affect bottom habitats. Therefore, they are not discussed further in this section.

C.5.4 Physical Disturbance and Strike Stressors
C.5.4.1 Effects from Vessels and In-Water Devices

Vessels conducting training and testing activities in the Study Area include large ocean-going
ships and submarines typically operating in waters deeper than 100 m but also occasionally
transiting inshore waters from ports and through the operating areas. Other training and
testing activities, typically smaller than the ocean-going class, could operate in waters shallower
than 100 m, both in the Offshore and Inland Waters. Training and testing activities also include
smaller vessels operating in inshore waters, typically at higher speeds (greater than 10 knots).
Vessels used for training and testing activities range in size from small boats (less than 40 ft.) to
nuclear aircraft carriers (greater than 980 ft.) Table E-1 in Appendix E (Description of Systems)
lists representative types of vessels, including amphibious warfare vessels, used during training
and testing activities. Towed mine warfare and unmanned devices are much smaller than other
Navy and USCG vessels, but would also disturb the water column near the device. Some
activities involve vessels towing in-water devices used in mine warfare activities. The towed
devices attached to a vessel by cables are smaller than most vessels, and are not towed at high
speeds. Some vessels, such as amphibious vehicles, would intentionally contact the seafloor in
the surf zone.
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Vessels, in-water devices, and towed in-water devices could either directly or indirectly affect
any of the habitat types discussed in this section, including soft and intertidal shores, soft and
hard bottoms, and artificial substrates. In addition, a vessel or device could disturb the water
column enough to stir up bottom sediments, temporarily increasing the local turbidity. The
shore and nearshore environments are typically very dynamic because of their constant
exposure to wave action and cycles of erosion and deposition. Along high-energy shorelines like
ocean beaches, these areas would be reworked by waves and tides shortly after the
disturbance. Along low-energy shoreline in sheltered inshore waters, the force of vessel wakes
can result in elevated erosion and resuspension of fine sediment (Zabawa & Ostrom, 1980). In
deeper waters where the tide or wave action has little influence, sediments suspended into the
water column would eventually settle. Sediment settlement rates are highly dependent on
grain size. Disturbance of deeper bottom habitat by vessels or in-water devices is possible
where the propeller wash interacts with the bottom. However, most vessel transiting in
shallow, nearshore waters is confined to navigation channels where bottom disturbance only
occurs with the largest vessels. An exception would be for training and testing activities that
occur in shallow, nearshore environments. Turbidity caused by vessel operation in shallow
water, propeller scarring, and vessel grounding could affect habitats in shallow-water areas. In
addition, physical contact with hard bottom areas can cause structural damage to the
substrate. However, direct effects to the substrate are typically avoided because they could
slow or damage the vessel or in-water device. These disturbances would not alter the overall
nature of the sediments to a degree that would impair their function as habitat.

C.5.4.2 Effects from Military Expended Materials

This section discusses the potential for physical disturbance to marine substrates from the
following categories of military expended materials: (1) non-explosive practice munitions, (2)
fragments from high-explosive munitions, and (3) expended materials other than munitions,
such as sonobuoys, and expendable targets. Note that expended materials do not include
materials that are recovered or categorized as in-water or seafloor devices. The Offshore Area
is expected to have the greatest amount of expended materials in the Study Area. Military
expended materials have the potential to physically disturb marine substrates to the extent
that they impair the substrate’s ability to function as a habitat. These disturbances can result
from several sources, including the effect of the expended material contacting the seafloor and
moving around, the covering of the substrate by the expended material, or alteration of the
substrate from one type to another.

The potential for military expended materials to physically affect marine substrates as they
come into contact with the seafloor depends on several factors. These factors include, but are
not limited to, the size, shape, type, density, and speed of the material through the water
column; the amount of the material expended; the frequency of training or testing; water
depth, water currents, or other disturbances; and the type of substrate. Most of the kinetic
energy of the expended material, however, is dissipated within the first few feet of the object
entering the water causing it to slow considerably by the time it reaches the substrate. Because
the damage caused by a strike is proportional to the force of the strike, slower speeds result in
lesser impacts. Due to the water depth at which most training and testing events take place, a
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direct strike on either hard bottom or artificial structures (e.g., artificial reefs and shipwrecks) is
unlikely to occur with sufficient force to damage the substrate. In softer substrates (e.g., sand,
mud, silt, clay, and composites), the effect of the expended material coming into contact with
the seafloor, if large enough and striking with sufficient momentum, may result in a depression
and a localized redistribution of sediments as they are temporarily suspended in the water
column. There may also be redistribution of unconsolidated sediment in areas with sufficient
flow to move the sediment, creating a pattern of scouring on one side of the material and
deposition on the other.

During training and testing, countermeasures such as flares and chaff are introduced into
marine habitats. These types of military expended materials are not expected to affect marine
habitats as strike stressors, given their smaller size and low velocity compared to projectiles,
bombs, and missiles.

Another potential physical disturbance that military expended materials could have on marine
substrates would be to cover them or to alter the type of substrate and, therefore, its function
as habitat. The majority of military expended materials that settle on hard bottoms or artificial
substrates, while covering the seafloor, may serve a similar habitat function as the substrate it
is covering by providing a hard surface on which organisms can attach (Figure C-2 and Figure
C-3). Similarity in attached organisms over the long term depends on similarity in structural
features (Perkol-Finkel et al., 2006; Ross et al., 2016), fine surface texture, and mineral content
(Davis, 2009). Natural hard bottom and artificial structures of a similar shape will eventually
have similar communities of attached organisms if they have similar fine texture and mineral
content. However, the smooth surface texture of intact military expended materials and lack of
mineral content suggests a difference in species composition and associated functions. An
exception would be expended materials, like the decelerators/parachutes utilized to deploy
sonobuoys, lightweight torpedoes, expendable mobile anti-submarine warfare training targets,
and other devices from aircraft, which would not provide a hard surface for colonization. In
these cases, the hard bottom or artificial structure covered by the expended material would not
be physically damaged but would have an impaired ability to function as a habitat for colonizing
or encrusting organisms. There is potential for these items to drift over shallow water or deep-
sea coral habitats.

Most military expended materials that settle on soft bottom habitats, while not damaging the
actual substrate, would inhibit the substrate’s ability to function as a soft-bottom habitat by
covering it with a hard surface. This would effectively alter the substrate from a soft surface to
a hard structure and, therefore, would alter the habitat to be more suitable for organisms more
commonly found associated with hard bottom environments (U.S. Department of the Navy,
20104, 2011). Expended materials that settle in the shallower, more dynamic environments of
the continental shelf would likely be eventually covered over by sediments due to currents and
other coastal processes or encrusted by organisms. Depending on the substrate properties and
the hydrodynamic characteristics of the area, military expended materials may become buried
rather quickly while in other areas they may persist on the surface of the seafloor for a more
extended time. The offshore portion of the continental shelf experiences more sediment
redistribution from oceanic boundary currents than distant surface waves. The effect of oceanic
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currents on sediment redistribution diminishes seaward of the continental shelf break:
sediment along the continental slope experiences very little reworking from surface currents
and waves. In the deeper waters of the continental slope and beyond where currents do not
play as large of a role, expended materials may remain exposed on the surface of the substrate
with minimal change for extended periods (Figure C-4).

Note: Use of the smoke float as a colonizing substrate for a cluster of sea anemones (U.S. Department of the Navy,
2010a). Observed at approximately 350 meters in depth and 60 nautical miles east of Jacksonville, Florida.

Figure C-2: A Marine Marker Observed in an Area Dominated by Coral Rubble on the
Continental Slope

Note: Encrusting organisms and benthic invertebrates readily colonize the artificial structure to a similar degree as
the surrounding rock outcrop (U.S. Department of the Navy, 2010a). Observed on the ridge system that runs
parallel to the shelf break at approximately 80 meters in depth and 55 nautical miles east of Jacksonville, Florida.

Figure C-3: An Unidentified, Non-Military Structure on Hard Bottom
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Note: The casing was observed in a sandy area on the continental slope approximately 425 meters in depth and 70
nautical miles east of Jacksonville, Florida. The casing has not become covered by sediments or encrusting
organisms due to the depth and the relatively calm, current-free environment.

Figure C-4: A 76-millimeter Cartridge Casing on Soft Bottom and a Blackbelly Rosefish
(Helicolenus dactylopterus) Using the Casing for Protection When Disturbed

Whereas the effects will accumulate somewhat through successive years of training and
testing, some portion of the expended material will sink below the surface of shifting soft
bottom habitat or become incorporated into natural hard bottom before crumbling into
inorganic particulates. This will be the fate of military expended materials with a density greater
than or equal to that of the underlying substrate (e.g., metal, cement, sand). Constituents of
military expended materials that are less dense than the underlying substrate (e.g., fabric,
plastic) will likely remain on the surface substrate after sinking. In this case, the effect on
substrate as a habitat is likely temporary and minor due to the mobility of such materials (refer
to living resources sections for more information on the entanglement and ingestion risk posed
by plastic and fabric constituents of military expended materials).

The effect of dense expendable materials on bottom substrate is prolonged in the portions of
the Study Area that are seaward of the continental shelf. Between initial settlement and burial
or complete degradation, these relatively stable objects will likely function as small artificial
habitats for encrusting algae, attached macroalgae/seaweed, sedentary invertebrates as well as
small motile organisms (Figure C-5).
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a. MK 82 inert bomb (168 centimeters long) that directly affected the sea floor at a depth of
12 meters in Z3E on 5 or 6 September 2007; photographed on 13 September 2007. Area of
destruction/ disturbance was approximately 17 square meters.

b. MK 82 bombs with Pocilloporid corals, algae, etc.

Source: (Smith & Marx, 2016)

Figure C-5: Military Expended Materials Functioning as Habitat

To determine the potential level of disturbance that military expended materials have on soft,
intermediate, and hard bottom substrates, an analysis to determine the impact footprint was
conducted for each alternative. Three main assumptions were made that resulted in the impact
footprints calculated being considered overestimates. First, within each category of expended
items (e.g., bombs, missiles, rockets, large-caliber projectiles), the size of the largest item that
would be expended was used to represent the sizes of all items in the category. For example,
the impact footprints of missiles used during training exercises range from 1.5 to 40 square
feet. For the analyses, all missiles were assumed to be equivalent to the largest in size, or 40
square feet. Second, it was also assumed that the impact of the expended material on the
seafloor was twice the size of its actual footprint. This assumption accounts for any
displacement of sediments at the time of impact as well as any subsequent movement of the
item on the seafloor due to currents or other forces. This should more accurately reflect the
potential disturbance to soft bottom habitats, but would overestimate disturbance to hard
bottom habitats since no displacement of the substrate would occur. Third, items with casings
(e.g., small-, medium-, and large-caliber munitions; flares; sonobuoys) have their impact
footprints doubled to account for both the item and its casing. Items and their casings were
assumed to be the same size, even though, depending on the munitions, one of them is often
smaller than the other.

C.5.4.3 Effects from Seafloor Devices

Mine shapes or other stationary targets and anchors are typically recovered within 7-30 days
following the completion of the training or testing events. As a result of their temporary nature,
recovered mine shapes do not permanently affect the substrate on which they are placed, but
will temporarily impair the ability of the substrate to function as a habitat for as long as the
mine shape and anchor is in place. The impairment is due to the temporary covering by artificial
substrate along with changes in the bathymetry around the structures due to scouring and
deposition patterns around objects on a soft bottom. Mine shapes, targets, or anchors that are
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not recovered would potentially have effects to abiotic habitat and, depending on the type of
bottom substrate, could alter the ability to function as habitat but ultimately would likely
become buried (on soft bottom) or become encrusted by similar types of organisms (on hard,
intermediate, or artificial surfaces).

Potential effects of precision anchoring are qualitatively different from other seafloor devices
because the activity involves repeated disturbance to the same area of seafloor. Precision
anchoring training exercises involve releasing of anchors in designated locations. The intent of
these training exercises is to practice anchoring the vessel within 300 ft. of the planned
anchorage location. These training activities typically occur within predetermined shallow water
anchorage locations near ports with seafloors consisting of soft bottom substrate. The level of
effect to the soft sediments would depend on the size of the anchor used, which would vary
according to vessel type. As most of these activities occur in areas along navigation channels
subject to strong currents and shifting sediment, disturbed areas would quickly return to pre-
disturbance conditions. The Navy and USCG will implement mitigation that includes not
conducting precision anchoring (except in designated anchorages) within the anchor swing
circle of live hard bottom, artificial reefs, and shipwrecks to avoid potential effects from
seafloor devices on habitats in mitigation areas within the Study Area. Mitigation for seafloor
resources was not included in the quantitative assessment of habitat effects; however, it will
help the Navy and USCG further avoid the potential for effects on habitats from precision
anchoring activities.

Crawlers are fully autonomous, battery-powered amphibious vehicles used for functions such
as reconnaissance missions in territorial waters. These devices are used to classify and map
underwater mines in shallow water areas. The crawler can travel 2 ft. per second along the
seafloor and can avoid obstacles. The crawlers are equipped with various sonar sensors and
communication equipment that enable these devices to locate and classify underwater objects
and mines while rejecting miscellaneous clutter that would not pose a threat.

Crawlers move over the surface of the seafloor and would not harm or alter any hard substrates
encountered; therefore, hard bottom habitat would not be impaired. However, fragile abiotic
or biogenic structures could be harmed by the crawlers moving over the substrate (refer to
living resources sections for analysis). In soft substrates, crawlers may leave a trackline of
depressed sediments approximately 2 ft. wide (the width of the device) in their wake. However,
since these crawlers operate in shallow water, any disturbed sediments would be redistributed
by wave and tidal action shortly (days to weeks) following the disturbance. Therefore,
disturbance would not impair the ability of soft sediment to function as a habitat.

C.5.5 Entanglement Stressors

Entanglement stressors are not applicable to habitats due to the lack of mobility capabilities of
habitats and are not discussed further in this section.

C.5.6 Ingestion Stressors

Ingestion stressors are not applicable to habitats due to the lack of ingestion capabilities of
habitats and are not discussed further in this section.
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C.5.7 Secondary Stressors

Secondary stressors are not applicable to habitats as they are not susceptible to effects from
secondary stressors and are not discussed further in this section.

C.6 Fishes
C.6.1 Acoustic Stressors

Background information supporting the analysis of acoustic stressors is presented in the
Acoustic and Explosive Concepts Technical Report (U.S. Department of the Navy, 2026a).

C.6.2 Explosive Stressors

Background information supporting the analysis of explosive stressors is presented in the
Scientific Background for Assessing Acoustic and Explosive Effects on Fishes, Marine Mammals,
and Reptiles Technical Report (U.S. Department of the Navy, 2026a).

C.6.3 Energy Stressors
C.6.3.1 Effects from In-Water Electromagnetic Devices

Several different in-water electromagnetic devices are used during training and testing
activities. The annual number of activities that introduce energy into the water are presented in
Section 3.0.4.1.3, while Tables B-2 and B-3 list the activities in each alternative that use these
devices.

A comprehensive review of information regarding the sensitivity of marine organisms to electric
and magnetic impulses is presented in Bureau of Ocean Energy Management (2011). The
synthesis of available data and information contained in this report suggests that while many
fish species (particularly elasmobranchs) are sensitive to electromagnetic fields (Hore, 2012),
further investigation is necessary to understand the physiological response and magnitude of
the potential effects. Most examinations of electromagnetic fields on marine fishes have
focused on buried undersea cables associated with offshore wind farms in European waters
(Boehlert & Gill, 2010; Gill, 2005; Ohman et al., 2007).

Many fish groups, including lampreys, elasmobranchs, eels, salmonids, and stargazers, have an
acute sensitivity to electrical fields, known as electroreception (Bullock et al., 1983; Helfman et
al., 2009). Fishes likely use the same sensory organs (e.g., lateral line system particularly around
the head) for electroreception and also for detecting sounds. Some species of sharks have small
pores near the nostrils, around the head, and on the underside of the snout, or rostrum called
ampullae of Lorenzini to detect the electromagnetic signature of their prey. Electroreceptors
are thought to aid in navigation, orientation, and migration of sharks and rays (Kalmijn, 2000).
In elasmobranchs, behavioral and physiological response to electromagnetic stimulus varies by
species and age, and appears to be related to foraging behavior (Rigg et al., 2009). Many
elasmobranchs respond physiologically to electric fields of 10 nanovolts per centimeter (cm)
and behaviorally at 5 nanovolts per cm (Collin & Whitehead, 2004), while Kajiura & Holland
(2002) showed juvenile scalloped hammerhead sharks detected and behaviorally responded to
electric fields of less than 1 nanovolt per cm.
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There are two general types of electroreceptor organs in fishes (Helfman et al., 2009).
Ampullary receptors, located in recesses in the skin, are connected to the surface by a canal
filled with a conductive gel and are sensitive to electric fields of low frequency (<0.1-25 Hz).
Tuberous receptors are located in depressions of the epidermis, are covered with loosely
packed epithelial cells, and detect higher frequency electric fields (50 Hz to > 2 kHz). They are
typically found in fishes that use electric organs to produce their own electric fields. The
distribution of electroreceptors on the head of these fishes, especially around the mouth,
suggests that these sensory organs may be used in foraging. Additionally, some researchers
hypothesize that the electroreceptors aid in social communication (Collin & Whitehead, 2004).

While elasmobranchs and other fishes can sense the level of the earth’s electromagnetic field,
the potential effects on fishes resulting from changes in the strength or orientation of the
background field are not well understood. When the electromagnetic field is enhanced or
altered, sensitive fishes may experience an interruption or disturbance in normal sensory
perception. Research on the electrosensitivity of sharks indicates that some species respond to
electrical impulses with an apparent avoidance reaction (Helfman et al., 2009; Kalmijn, 2000).
This avoidance response has been exploited as a shark deterrent, to repel sharks from areas of
overlap with human activity (Marcotte & Lowe, 2008). A study on cat sharks (Scyliorhinus
canicula) demonstrated that sharks may show habituation to electrical fields over short-term
exposures (Kimber et al., 2014). Other studies suggest that sharks are attracted to
electromagnetic sources when conditions in the water hinder their other senses, such as sight
and hearing. This attraction to electromagnetic sources helps sharks to find prey when in these
low sensory conditions (Fields, 2007).

The mechanism for direct sensing of magnetic fields is unknown; however, the presence of
magnetite (a magnetic mineral) in the tissues of some fishes such as tunas and salmon, or other
sensory systems such as the inner ear and the lateral line system, may be responsible for
electromagnetic reception (Helfman et al., 2009). Magnetite of biogenic origins has been
documented in the lateral line of the European eel (Anguilla anguilla) (Moore & Riley, 2009).
Some species of tuna, salmon, and stargazers have likewise been shown to respond to magnetic
fields and may also contain magnetite in their tissues (Helfman et al., 2009).

Experiments with electromagnetic pulses can provide indirect evidence of the range of
sensitivity of fishes to similar stimuli. Two studies reported that exposure to electromagnetic
pulses do not have any effect on fishes (Hartwell et al., 1991; Nemeth & Hocutt, 1990). The
observed 48-hour mortality of small estuarine fishes (e.g., sheepshead minnow [Cyprinodon
variegatus], mummichog [Fundulus heteroclitus], Atlantic menhaden [Brevoortia tyrannus],
striped bass [Morone saxatilis], Atlantic silverside [Menidia menidia], fourspine stickleback
[Apeltes quadracus], and rainwater killifish [Lucania parva]) exposed to electromagnetic pulses
of 100-200 kilovolts per m (10 nanoseconds per pulse) from distances greater than 50 m was
not statistically different than the control group (Hartwell et al., 1991; Nemeth & Hocutt, 1990).
During a study of Atlantic menhaden, there were no statistical differences in swimming speed
and direction (toward or away from the electromagnetic pulse source) between a group of
individuals exposed to electromagnetic pulses and the control group (Hartwell et al., 1991;
Nemeth & Hocutt, 1990).
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Electromagnetic sensitivity in some marine fishes (e.g., salmonids) is already well developed at
early life stages (Ohman et al., 2007); however, most of the limited research that has occurred
focuses on adults. A laboratory study on Atlantic salmon (Salmo salar) showed no behavioral
changes for adults and post-smolts passing through an area with a 50 Hz magnetic field
activated (Armstrong et al., 2015). Some species appear to be attracted to undersea cables,
while others show avoidance (Ohman et al., 2007). Under controlled laboratory conditions, the
scalloped hammerhead (Sphyrna lewini) and sandbar shark (Carcharhinus plumbeus) exhibited
altered swimming and feeding behaviors in response to very weak electric fields (less than 1
nanovolt per cm) (Kajiura & Holland, 2002). In a test of sensitivity to fixed magnets, five Pacific
sharks were shown to react to magnetic field strengths of 2,500-234,000 microtesla at
distances ranging between 0.26 and 0.58 m and avoid the area (Rigg et al., 2009). A field trial in
the Florida Keys demonstrated that southern stingrays (Dasyatis americana) and nurse sharks
(Ginglymostoma cirratum) detected and avoided a fixed magnetic field producing a flux of
95,000 microtesla (O'Connell et al., 2010). A field study on white sharks (Carcharodon
carcharias) in South Africa suggested behavioral changes in the sharks when approaching a
towed prey item with an active electromagnetic field (Huveneers et al., 2013). No change was
noticed in the sharks’ behavior towards a static prey item. The maximum electromagnetic fields
typically generated during training and testing activities is approximately 2,300 microtesla.

Potential effects of electromagnetic activity on adult fishes may not be relevant to early life
stages (eggs, larvae, juveniles) due to ontogenic (life stage-based) shifts in habitat utilization
(Botsford et al., 2009; Sabates et al., 2007). Some skates and rays produce egg cases that occur
on the bottom, while many neonate and adult sharks occur in the water column or near the
water surface. Exposure of eggs and larvae (ichthyoplankton) to electromagnetic fields would
be low since their distributions are extremely patchy. For many sharks, skates, rays, and
livebearers, the fecundity and natural mortality rates are much lower, and the exposure of the
larger neonates and juveniles to electromagnetic energy would be similar across life stages for
these species. Early life history stages and spawning adult ESA-listed salmonids, eulachon, and
green sturgeon occur in freshwater habitats outside of the Study Area and would not be
exposed to electromagnetic sources in the marine environment.

Based on current literature, only the fish groups identified above are capable of detecting
electromagnetic fields (primarily elasmobranchs, salmonids, tuna, eels, and stargazers) and thus
will be carried forward in this section. The remaining major fish groups will not be presented
further. Aspects of electromagnetic stressors that are applicable to marine organisms in general
are described in Section C.1.2 (Conceptual Framework for Assessing Effects from Energy-
Producing Activities) of this appendix.

C.6.3.2 Effects from Neutron Energy Devices

A new energy sub-stressor, neutron energy devices, was analyzed for potential effects on
fishes. These devices use a controlled neutron source and detectors to scan and identify
chemical ratios (such as the ratio between carbon, oxygen, and nitrogen) to detect submerged
explosives. If exposed to neutron radiation, a dosage level of 2 millirems per hour is considered
safe for marine organisms. Within a 2 m radius from the source, neutron exposure levels are
expected to be much less than the safe level of 2 mrem per hour.
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Each proposed testing event using a neutron energy device is anticipated to occur up to 10
hours per day and operate with a 30 percent duty cycle (i.e., emit energy 30 percent of the
time). Testing may occur at the water’s surface, in the water column, and at the seafloor. As a
result, for a given fish to be exposed to unsafe dosage levels greater than 2 mrem per hour,
that fish would have to stay within approximately 2 m of the of the device for hours.

Due to their highly migratory nature, anadromous and pelagic species would not be expected to
reside within2 m of the device continuously for hours; therefore, they are not expected to be
exposed to unsafe dosages of energy. Demersal fish, though more stationary, would not be
expected to remain continuously within 2 m for an extended period of time and are also
unlikely to be exposed to unsafe dosages of energy. Though a small number of fishes could
encounter these devices while they are deployed and actively emitting energy, and occur within
2 m of the source, due to the small exposure radius and the low probability of a fish occurring
within that area for an extended period (hours), the degree of effect is expected to be less than
significant.

C.6.4 Physical Disturbance and Strike Stressors

How a physical strike affects a fish depends on the relative size of the object potentially striking
the fish and the location of the fish in the water column. Before being struck by an object,
salmon for example, would sense a pressure wave through the water (Hawkins & Johnstone,
1978) and have the ability to swim away from the oncoming object. The movement generated
by a large object moving through the water would simply displace small fishes in open water,
such as anchovies and sardines. Some fish might have time to detect the approaching object
and swim away; others could be struck before they become aware of the object. An open-
ocean fish that is displaced a small distance by movements from an object falling into the water
nearby would likely continue on its original path as if nothing had happened. However, a
bottom-dwelling fish near a sinking object would likely be disturbed and may exhibit a general
stress response. As in all vertebrates, the function of the stress response in fishes is to rapidly
alter blood chemistry levels or ratios to prepare the fish to flee or fight (Helfman et al., 2009).
This generally adaptive physiological response can become a liability to the fish if the stressor
persists and the fish is not able to return to its baseline physiological state. When stressors are
chronic, the fish may experience reduced growth, health, or survival (Wedemeyer et al., 1990).
If the object hits the fish, direct injury (in addition to stress) or death may result.

The potential responses to a physical strike are varied, but include behavioral changes such as
avoidance, altered swimming speed and direction, physiological stress, and physical injury or
mortality. Despite their ability to detect approaching vessels using a combination of sensory
cues (e.g., sight, hearing, and lateral line), larger slow-moving fishes (e.g., basking sharks
[Cetorhinus maximus]) cannot avoid all collisions, with some collisions resulting in injury or
mortality (Bloomfield & Solandt, 2008; Chapple et al., 2024; Speedie et al., 2009). Many fishes
respond by darting quickly away from the stimulus. Some other species may respond by
freezing in place and adopting cryptic coloration, while still some other species may respond in
an unpredictable manner. Regardless of the response, the individual must stop its current
activity and divert its physiological and cognitive attention to responding to the stressor
(Helfman et al., 2009). The energy costs of reacting to a stressor depend on the specific
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situation, but in all cases the caloric requirements of stress reactions reduce the amount of
energy available to the fish for other functions, such as predator avoidance, reproduction,
growth, and maintenance (Wedemeyer et al., 1990).

The ability of a fish to return to its previous activity following a physical strike (or near-miss
resulting in a stress response) is a function of a variety of factors. Some fish species are more
tolerant of stressors than others and become re-acclimated more easily. Within a species, the
rate at which an individual recovers from a physical strike may be influenced by its age, sex,
reproductive state, and general condition. A fish that has reacted to a sudden disturbance by
swimming at burst speed would tire after only a few minutes; its blood hormone and sugar
levels (cortisol and glucose) may not return to normal for up to, or longer than, 24 hours.
During its recovery period, the fish would not be able to attain burst speeds and would be more
vulnerable to predators (Wardle, 1986). If the individual were not able to regain a steady state
following exposure to a physical stressor, it may suffer reduced immune function and even
death (Wedemeyer et al., 1990).

Potential effects of physical disturbance or strike to adults may be different than for other life
stages (e.g., eggs, larvae, juveniles) because these life stages do not necessarily occur together
in the same location (Botsford et al., 2009; Sabates et al., 2007), and because they have
different response capabilities. The numbers of eggs and larvae exposed to vessel movements
would be low relative to total ichthyoplankton biomass (Able & Fahay, 1998); therefore,
measurable effects on fish recruitment would not be expected. Also, the early life stages of
most marine fishes (excluding sharks and other livebearers) already have extremely high
natural mortality rates (10—85 percent per day) from predation on these life stages (Helfman et
al., 2009), and therefore, most eggs and larvae are not expected to survive to the next life stage
(Horst, 1977).

C.6.4.1 Effects from Vessels and In-Water Devices

Vessels do not normally collide with adult fishes, most of which can detect and avoid them. One
study on Barents Sea capelin (Mallotus villosus) behavioral responses to vessels showed that
most adults exhibit avoidance responses to engine noise, sonar, depth finders, and fish finders
(Jorgensen et al., 2004), reducing the potential for vessel strikes. Misund (1997) found that
fishes, such as polar cod (Boreogadus saida), haddock (Melanogrammus aeglefinus), jack
mackerel (Trachurus symmetricus), sardine (Sardina pilchardus), herring, anchovy (Engraulis
ringens), and capelin, that were ahead of a ship showed avoidance reactions and did so at
ranges of 50—-350 m. When the vessel passed over them, some fishes responded with sudden
avoidance responses that included lateral avoidance or downward compression of the school.
Conversely, Rostad, (2006) observed that some fishes are attracted to different types of vessels
(e.g., research vessels, commercial vessels) of varying sizes, noise levels, and habitat locations.
Fishes involved in that study included Atlantic herring (Clupea harengus), sprat (Sprattus
sprattus), and whiting (Merlangius merlangus) (Rostad et al., 2006). Fish behavior in the vicinity
of a vessel is therefore quite variable, depending on the type of fish, its life history stage,
behavior, time of day, and the sound propagation characteristics of the water (Schwartz, 1985).
Early life stages of most fishes could be displaced by vessels and not struck in the same manner
as adults of larger species. However, a vessel’s propeller movement or propeller wash could
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entrain early life stages. The low-frequency sounds of large vessels or accelerating small vessels
caused avoidance responses among herring (Chapman & Hawkins, 1973), but avoidance ended
within 10 seconds after the vessel departed.

There are a few notable exceptions to this assessment of potential vessel strike effects on fish
groups. Large slow-moving fishes such as basking sharks (Bloomfield & Solandt, 2008; Chapple
et al., 2024; Speedie et al., 2009) may occur near the surface in open-ocean and coastal areas,
thus making them more susceptible to ship strikes which may result in blunt trauma,
lacerations, fin damage, or mortality. Stevens (2007) noted that increases in the numbers and
sizes of shipping vessels in the modern cargo fleets make it difficult to gather strike-related
mortality data for another surface-oriented shark species, whale sharks, because personnel on
large ships are often unaware of collisions; therefore, the occurrence of vessel strikes is likely
much higher than has been documented by the few studies that have been conducted. This
holds true not just for basking sharks, but also for any of the aforementioned fish species.

Based on typical physiological responses, vessel movements are not expected to compromise
the general health or condition of individual fishes, except for large slow-moving fishes such as
basking sharks (Bloomfield & Solandt, 2008; Chapple et al., 2024; Speedie et al., 2009). In-water
devices do not normally collide with adult fishes, as most can detect and avoid them. Fish
responses to in-water devices would be similar to those discussed above for vessels. Fishes
would likely show varying behavioral avoidance responses to in-water devices. Early life stages
of most fishes could be displaced by in-water devices and not struck in the same manner as
adults of larger species. Because in-water devices are continuously moving, most fishes are
expected to move away from them or to follow behind them.

C.6.4.2 Effects from Military Expended Materials

While disturbance or strike from any of these objects as they sink through the water column is
possible, it is not very likely for most expended materials because the objects generally sink
through the water slowly and can be avoided by most, if not all fishes. Therefore, the discussion
of military expended materials strikes focuses on strikes at the surface or in the upper water
column from fragments (of high explosives) and projectiles because those items have a greater
potential for a fish strike as they hit the water, before slowing down as they move through the
water column.

C.6.4.2.1 Small-. Medium-, and Large-Caliber Projectiles

Various types of projectiles could cause a temporary (seconds), localized effect when they strike
the surface of the water. Current training and testing in the Study Area, such as gunnery
exercises and testing events, include firing a variety of weapons and using a variety of non-
explosive training and testing rounds, including 5-in. naval gun shells, and small-, medium-, and
large-caliber projectiles. The larger-caliber projectiles are primarily used in the open ocean
beyond 20 NM. Direct munitions strikes from firing weapons are potential stressors to fishes.
There is a remote possibility that an individual fish at or near the surface may be struck directly
if it is at the point of impact at the time of non-explosive munitions delivery. Expended rounds
may strike the water surface with sufficient force to cause injury or mortality. However, limited
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fish species swim right at, or near, the surface of the water (e.g., with the exception of pelagic
sharks, tuna, mackerels, steelhead, ocean sunfishes, and other similar species).

Various projectiles would fall on soft or hard bottom habitats, where they could either become
buried immediately in the sediments or sit on the bottom for an extended time period. Most
munitions would sink through the water column and come to rest on the seafloor, stirring up
sediment and possibly inducing an alarm response, displacing, or injuring nearby fishes in
extremely rare cases. Particular effects on a given fish species would depend on the size and
speed of the munitions, the water depth, the number of rounds delivered, the frequency of
training and testing, and the sensitivity of the fish (U.S. Department of the Navy, 2013b).

C.6.4.2.2 Bombs, Missiles, and Rockets

Direct munitions strikes from bombs, missiles, and rockets are potential stressors to fishes.
Some individual fish at or near the surface may be struck directly if they are at the point of
impact at the time of non-explosive munitions delivery. However, most missiles hit their target
or are disabled before hitting the water. Thus, most of these missiles hit the water as
fragments, which quickly dissipates their kinetic energy within a short distance of the surface. A
limited number of fishes swim right at, or near, the surface of the water, as described for
small-, medium-, and large-caliber projectiles.

Even though statistical modeling conducted for the Study Area (discussed in Appendix F,
Military Expended Materials, Direct Strike, and Vessel Strike Supporting Information) indicates
that the probability of military expended materials striking marine mammals or sea turtles is
extremely low, modeling could not be conducted to estimate the probability of military
expended material strikes on an individual fish. This is primarily due to the lack of fish density
data available at the scale of a range complex or testing range.

In lieu of strike probability modeling, the number, size, and area of potential impact (or
“footprints”) of each type of military expended material is presented in Appendix F (Military
Expended Materials, Direct Strike, and Vessel Strike Supporting Information). The application of
this type of footprint analysis to fish follows the notion that a fish occupying the impact area
could be susceptible to potential effects, either at the water surface (e.g., pelagic sharks,
salmonids, tunas, mackerels, and ocean sunfishes) or as military expended material falls
through the water column and settles to the bottom (e.g., flounders, skates, and other benthic
fishes). Furthermore, most of the projectiles fired during training and testing activities are fired
at targets, and most projectiles hit those targets, so only a very small portion of those would hit
the water with their maximum velocity and force. Of that small portion, a small number of fish
at or near the surface (pelagic fishes) or near the bottom (benthic fishes) may be directly
affected if they are in the target area and near the expended item that hits the water surface
(or bottom).

Propelled fragments are produced by an exploding bomb. Close to the explosion, fishes could
potentially sustain injury or death from propelled fragments (Stuhmiller et al., 1991). However,
studies of underwater bomb blasts have shown that fragments are large and decelerate rapidly
(O'Keeffe & Young, 1984; Swisdak & Montanaro, 1992), posing little risk to marine organisms.
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Fish disturbance or strike could result from bomb fragments (after explosion) falling through
the water column in very small areas compared to the vast expanse of the testing ranges, range
complexes, or the remainder of the Study Area. The expected reaction of fishes exposed to
military expended materials would be to immediately leave the area where bombing is
occurring, thereby reducing the probability of a fish strike after the initial expended materials
hit the water surface. When a disturbance of this type concludes, the area would be
repopulated and the fish stock would rebound, with inconsequential effects on the resource
(Lundquist et al., 2010).

C.6.4.3 Effects from Seafloor Devices

The number of annual events including seafloor devices is presented in SEIS/OEIS Section
3.0.4.1.3. Tables B-2 and B-3 lists the activities in each alternative that use the devices. Seafloor
devices include items that are placed on, dropped on, or moved along the seafloor such as mine
shapes, anchor blocks, anchors, bottom-placed instruments, bottom-crawling unmanned
underwater vehicles, and bottom-placed targets that are not expended. As discussed in the
military expended materials strike section, objects falling through the water column would slow
in velocity as they sink toward the bottom and could be avoided by most, if not all fish.

Aircraft deployed mine shapes, anchor blocks, anchors, and bottom-placed instruments, and
targets all have the potential to strike fish upon deployment as they sink through the water
column and settle on the seafloor. Unmanned underwater vehicles (e.g., bottom crawl vehicles)
also have the potential to strike a fish. Some fishes are attracted to virtually any tethered object
in the water column for food or refuge (Dempster & Taquet, 2004) and could be attracted to a
non-explosive mine assembly. However, while a fish might be attracted to the object, its
sensory abilities allow it to avoid colliding with fixed tethered objects in the water column
(Bleckmann & Zelick, 2009), so the likelihood of a fish striking one of these objects is
implausible. Therefore, strike hazards associated with collision into other seafloor devices such
as deployed mine shapes or anchored devices are highly unlikely to pose any strike hazard to
fishes and are not discussed further.

C.6.5 Entanglement Stressors

This section evaluates potential entanglement effects of various types of expended materials
used during training and testing activities within the Study Area. The likelihood of fishes being
affected by an entanglement stressor is a function of the physical properties, location, and
buoyancy of the object and the behavior and physical features of the fish. Two types of military
expended materials are considered here: (1) wires and cables and (2) decelerators/parachutes.

Most entanglement observations involve abandoned or discarded nets, lines, and other
materials that form loops or incorporate rings (Derraik, 2002; Keller et al., 2010; Laist, 1987,
Macfadyen et al., 2009). A 25-year dataset assembled by the Ocean Conservancy reported that
fishing line, rope, and fishing nets accounted for approximately 68 percent of fish
entanglements, with the remainder due to encounters with various items such as bottles, cans,
and plastic bags (Ocean Conservancy, 2010). No occurrences involving military expended
materials were documented.
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Fish entanglement occurs most frequently at or just below the surface or in the water column
where objects are suspended. A smaller number involve objects on the seafloor, particularly
abandoned fishing gear designed to catch bottom fishes or invertebrates (Ocean Conservancy,
2010). More fish species are entangled in coastal waters and the continental shelf than
elsewhere in the marine environment because of higher concentrations of human activity (e.g.,
fishing, sources of entangling debris), higher fish abundances, and greater species diversity
(Helfman et al., 2009; Macfadyen et al., 2009). The consequences of entanglement range from
temporary and inconsequential to major physiological stress or mortality.

Some fishes are more susceptible to entanglement in derelict fishing gear and other marine
debris, compared to other fish groups. Physical features, such as size, rigid or protruding snouts
of some elasmobranchs, increase the risk of entanglement compared to fishes with smaller,
smoother, more streamlined bodies (e.g., lamprey, herring, smelt, and juvenile salmonids).
Most fishes, except for jawless fishes and eels that are too smooth and slippery to become
entangled, are susceptible to entanglement gear specifically designed for that purpose (e.g.,
gillnets).

The overall effects of entanglement are highly variable, ranging from temporary disorientation
to mortality due to predation or physical injury. The evaluation of a species’ entanglement
potential should consider the size, location, and buoyancy of an object as well as the size,
physical characteristics, and behavior of the fish species.

The following sections seek to identify entanglement potential due to military expended
material. Where appropriate, specific geographic areas (open ocean areas, range complexes,
and bays and inland waters) of potential effect are identified.

C.6.5.1 Effects from Wires and Cables

Cables, guidance wires, expended bathythermograph wires, and sonobuoys (which contain a
wire) are used during military readiness activities. The annual number of events that include
wires and cables under each alternative is presented in EIS/OEIS Section 3.0.4.1.3 with
additional details provided in Appendix B.

Fish groups in other regions that could be susceptible to entanglement in expended cables and
wires are those such as sawfishes, with elongated snouts lined with tooth-like structures that
easily snag on other similar marine debris, such as derelict fishing gear (Macfadyen et al., 2009).
Other groups could include those with projecting spines or scutes, like rockfish and sturgeon;
however, the susceptibility of entanglement would be lower. Some elasmobranchs (e.g., sharks)
and billfishes occurring within the offshore and continental shelf portions of the range
complexes and testing ranges (where the potential for entanglement would occur) could be
susceptible to entanglement in cables and wires. Species occurring outside the specified areas
within these range complexes would not be exposed to fiber optic cables, guidance wires, or
sonobuoy wire.

Once a guidance wire is released, it is likely to sink immediately and remain on the seafloor. In
some cases, the wire may snag on a hard structure near the bottom and remain partially or

completely suspended. The types of fish that encounter any given wire would depend, in part,
on its geographic location and vertical location in the water column. In any situation, the most
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likely mechanism for entanglement would involve fish swimming through loops in the wire that
tighten around it; however, loops are unlikely to form in a guidance wire or sonobuoy wire
because of its size and rigidity (Environmental Sciences Group, 2005b).

Because of their physical characteristics, guidance wires and cables pose a potential, though
unlikely, entanglement risk to susceptible fishes. Analysis of potential entanglement for fishes is
based on abandoned monofilament, nylon, and polypropylene lines used in commercial nets.
Such derelict fishing gear is abundant in both the ocean (Macfadyen et al., 2009) and the Inland
Waters (Antonelis et al., 2018; Drinkwin & Antonelis, 2014; Drinkwin et al., 2023) and pose a
greater hazard to fishes than wires expended by the Navy and USCG. Fishing gear materials
often have breaking strengths that can be up to orders of magnitude greater than that of
guidance wire and fiber optic cables (Environmental Sciences Group, 2005b), and are far more
prone to tangling. Fiber optic cables do not easily form loops, are brittle, and break easily if
bent, so they pose a negligible entanglement risk. Additionally, fiber optic cable replacement is
limited, and few are expended (see Section 2.3.3 and Section A.5 In Appendix A).

Sonobuoys consist of a surface antenna and float unit and a subsurface hydrophone assembly
unit. The two units are attached through a thin gauge dual conductor and hard draw copper
strand wire, which is then wrapped by a hollow rubber tubing or bungee in a spiral
configuration. The tensile breaking strength of the wire is a maximum of 40 |b. (Swope &
McDonald, 2013). The length of the cable is housed in a plastic canister dispenser, which
remains attached upon deployment. The length of wire that extends out is no more than 1,500
ft. and is dependent on the water depth and type of sonobuoy. Attached to the wire is a kite-
drogue and damper disk stabilizing system made of non-woven nylon fabric. The nylon fabric is
very thin and can be broken by hand. The cable runs through the stabilizing system and leads to
the hydrophone components. The hydrophone components may be covered by thin plastic
netting depending on type of sonobuoy but pose no entanglement risk. Each sonobuoy has a
saltwater-activated polyurethane float that inflates when the sonobuoy is submerged and
keeps the sonobuoy components floating vertically in the water column below it. Sonobuoys
remain suspended in the water column for no more than 30 hours, after which they sink to the
seafloor.

The sonobuoy itself is not considered an entanglement hazard upon deployment
(Environmental Sciences Group, 2005b), but its components may pose an entanglement hazard
once released into the ocean. Aerial-launched sonobuoys are deployed with a
decelerator/parachute. Sonobuoys contain cords, electronic components, and plastic mesh that
may entangle fish (Environmental Sciences Group, 2005b). Open-ocean filter feeding species
such as basking sharks could become entangled in these items, whereas smaller species could
become entangled in the plastic mesh in the same manner as a small gillnet. Since most
sonobuoys are expended in offshore areas, many coastal fishes would not encounter or have
any opportunity to become entangled in materials associated with sonobuoys.

C.6.5.2 Effects from Decelerators/Parachutes

Decelerators/Parachutes of varying sizes are used during training and testing activities. Section
3.0.4.1.3 describes the annual number of decelerators/parachutes expended at sea for each
alternative. Table 3.0-10 presents the size categories for decelerators/parachutes expended
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during training and testing activities that could present an entanglement risk to fishes. The
types of activities that use decelerators/parachutes, physical characteristics and size of
decelerators/parachutes, and the number of decelerator/parachute activities proposed under
each alternative are presented in Appendix B (Activity Stressor Matrices). Fishes face many
potential entanglement scenarios in abandoned monofilament, nylon, polypropylene line, and
other derelict fishing gear in the nearshore and offshore marine habitats of the Study Area
(Macfadyen et al., 2009; Ocean Conservancy, 2010). Abandoned fishing gear is dangerous to
fishes because it is abundant, essentially invisible, strong, and easily tangled. In contrast,
decelerators/parachutes are rare, highly visible, and not designed to capture fishes. The weak
entangling features reduce the risk to ESA-protected fishes.

Once a decelerator/parachute has been released to the water, it poses a potential
entanglement risk to fishes. The Naval Ocean Systems Center identified the potential effects of
torpedo air launch accessories, including decelerators/parachutes, on fish (U.S. Department of
the Navy, 2001c). Unlike other materials in which fish become entangled (such as gill nets and
nylon fishing line), the decelerator/parachute is relatively large and visible, reducing the chance
that visually oriented fish would accidentally become entangled in it. No cases of fish
entanglement have been reported for decelerators/parachutes (Ocean Conservancy, 2010; U.S.
Department of the Navy, 2001a). Entanglement in a newly expended decelerator/parachute
and its attachment lines while it is in the water column is unlikely because fish generally react
to sound and motion at the surface with a behavioral reaction by swimming away from the
source (see Table B-1 in Appendix B, Activity Stressor Matrices) and would detect the oncoming
decelerator/parachute in time to avoid contact. While the decelerator/parachute is sinking, fish
would have ample opportunity to swim away from the large moving object. Even if the
decelerator/parachute landed directly on a fish, it would likely be able to swim away faster than
the decelerator/parachute would sink because the resistance of the water would slow the
decelerator/parachute’s downward motion.

Once the decelerator/parachute is on the bottom, however, it is feasible that a fish could
become entangled in the decelerator/parachute or its attachment lines while diving and
feeding, especially in deeper waters where it is dark. If the decelerator/parachute is dropped in
an area of strong bottom currents, it could billow open and pose a short-term entanglement
threat to large fish feeding on the bottom. Benthic fishes with elongated spines could become
caught on the decelerator/parachute or lines. Most sharks and other smooth-bodied fishes are
not expected to become entangled because their soft, streamlined bodies can more easily slip
through potential snares. A fish with spines or protrusions (e.g., some rockfishes and other
groundfish) on its body that swam into the decelerator/parachute or a loop in the lines, and
then struggled, could become bound tightly enough to prevent escape. Although this scenario is
possible based on the structure of the materials and the shape and behavior of fishes, it is not
considered a likely event.

C.6.6 Ingestion Stressors

Aspects of ingestion stressors that are applicable to marine organisms in general are presented
in Section C.1.4 (Conceptual Framework for Assessing Effects from Ingestion) of this appendix.
Ingestion of expended materials by fishes could occur in coastal and open ocean areas, and can
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occur at or just below the surface, in the water column, or at the seafloor depending on the size
and buoyancy of the expended object and the feeding behavior of the fish. Floating material is
more likely to be eaten by fishes that feed at or near the water surface (e.g., basking sharks and
steelhead), while materials that sink to the seafloor present a higher risk to bottom-feeding
fishes (e.g., skate, halibut, sole, and flounder).

It is reasonable to assume that any item of a size that can be swallowed by a fish could be eaten
at some time; this analysis focuses on ingestion of materials in two locations: (1) at the surface
or water column and (2) at the seafloor. The potential for fish, including the ESA-listed fish
species, to encounter and ingest expended materials is evaluated with respect to their feeding
group and geographic range, which influence the probability that they would eat military
expended materials.

The following types of materials are expended during training and testing in the Study Area that
could become ingestion stressors: non-explosive practice munitions (small- and medium-
caliber), fragments from munition fragments, fragments from targets, chaff, flare casings
(including plastic end caps and pistons), and small decelerators/parachutes. The number of
activities that expend these items are detailed in Section 3.0. Metal items eaten by fish are
generally small (such as fishhooks, bottle caps, and metal springs), suggesting that small- and
medium-caliber projectiles, pistons, or end caps (from chaff canisters or flares) are more likely
to be ingested. Both physical and toxicological effects could occur as a result of consuming
metal or plastic materials (Dantas et al., 2012; Davison & Asch, 2011; Possatto et al., 2011).
Ingestion of plastics has been shown to increase hazardous chemicals in fish leading to liver
toxicity of fishes (Rochman et al., 2013). Items of concern are those of ingestible size that either
drift at or just below the surface (or in the water column) for a time or sink immediately to the
seafloor. The likelihood that expended items would cause a potential effect on a given fish
species depends on the size and feeding habits of the fish and the rate at which the fish
encounters the item and the composition of the item. In this analysis only small- and medium-
caliber munitions (or small fragments from larger munitions), chaff, small
decelerators/parachutes, and end caps and pistons from flares and chaff cartridges are of
ingestible size for a fish. For many small fish species (e.g., anchovy, sardines), even these items
(except for chaff) are often too large to be ingested, even though small pieces could sometimes
be nibbled off by small fishes. Therefore, the discussion in this section focuses on those fish
species large enough to potentially ingest these materials.

The analysis of ingestion effects on fishes is structured around the following feeding strategies:
C.6.6.1.1 Feeding at or Just Below the Surface or Within the Water Column

e Open-Ocean Predators. Large, migratory, open-ocean fishes, such as tunas and sharks,
feed on fast-swimming prey in the water column of the Study Area. These fishes range
widely in search of unevenly distributed food patches. Smaller military expended
materials could be mistaken for prey items and ingested purposefully or incidentally as
the fish is swimming. Some marine fishes, such as tunas, eat plastic fragments, strings,
nylon lines, ropes, or even small light bulbs (Choy & Drazen, 2013; Rochman et al.,
2015).
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e Open-Ocean Planktivores. Plankton-eating fishes in the open-ocean portion of the
Study Area include immature sockeye and chum salmon, and basking sharks. These
fishes feed by either filtering plankton from the water column or by selectively ingesting
larger zooplankton. These planktivores could encounter and incidentally feed on smaller
types of military expended materials (e.g., chaff, end caps, pistons) at the surface or in
the water column. Ocean-rearing salmonids such as steelhead, sockeye salmon, and
juvenile chum salmon are the only ESA-listed species in the Study Area that act as open
ocean planktivores at some stage of their life, with some species in this group of fishes
(e.g., juvenile salmonids) constituting a major prey base for many important predators,
including whales, sharks, marine mammals, and seabirds. Larger filter feeders, such as
basking sharks, could also inadvertently ingest a decelerator/parachute.

Military expended materials that could potentially affect these types of fish at or just below the
surface or in the water column include those items that float or are suspended in the water
column for some period of time (e.g., decelerators/parachutes and end caps and pistons from
chaff cartridges or flares).

C.6.6.1.2 Fishes Feeding at the Seafloor

¢ Bottom Dwelling Predators. Large predatory fishes near the seafloor such as halibut
and some rockfish species, can be common seafloor predators in some regions of the
Study Area. These species feed opportunistically on or near the bottom, taking fish and
invertebrates from the water column and from the bottom (e.g., crabs, squid, and
octopus). Bottom-dwelling fishes in the nearshore coasts may feed by seeking prey and
by scavenging on dead fishes and invertebrates (e.g., skates and flatfishes).

o Bottom Dwelling Foragers and Scavengers. Bottom dwelling fishes may feed by seeking
prey and by scavenging on dead fishes and invertebrates. Flatfishes, skates, and some
sharks in the Study Area feed along the bottom on small fish and invertebrate prey,
which could increase the likelihood of incidental ingestion of marine debris.

Military expended materials that could be ingested by fishes at the seafloor include items that
sink (e.g., small-caliber projectiles and casings, fragments from high-explosive munitions).

Potential effects of ingestion on some adult fishes are different than for other life stages (eggs,
larvae, and juveniles) because early life stages for some species are too small to ingest any
military expended materials except for chaff, which has been shown to have limited effects on
fishes in the concentration levels that it is released at (Arfsten et al., 2002; U.S. Department of
the Air Force, 1997; U.S. Department of the Navy, 1999). Therefore, with the exception of later
stage larvae and juveniles that could ingest microplastics, no ingestion potential effects on early
life stages are expected.

Within the context of fish location in the water column and feeding strategies, the analysis is
divided into (1) munitions (small- and medium-caliber projectiles, and small fragments from

larger munitions); and (2) military expended material other than munitions (chaff, chaff end

caps, pistons, decelerators/parachutes, flares, and target fragments).
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C.6.6.2 Effects from Military Expended Materials

Different types of explosive and non-explosive practice munitions are expended at sea during
training and testing activities. This section discusses the potential for fishes to ingest non-
explosive practice munitions and fragments from high explosive munitions.

Types of non-explosive practice munitions generally include projectiles, missiles, and bombs. Of
these, only small- or medium-caliber projectiles would be small enough for a large fish to
ingest. Small- and medium-caliber projectiles include all sizes up to and including 2.25 in. in
diameter. These solid metal materials would quickly move through the water column and settle
to the seafloor. Ingestion of non-explosive practice munitions in the water column is possible
when shiny fragments of the munitions sink quickly and could be ingested by fast, mobile
predators that chase moving prey (e.g., tunas and mackerel). In addition, these fragments may
also be accidentally ingested by fishes that forage on the bottom such as flatfishes and skates.
Types of high explosive munitions that can result in fragments include demolition charges,
projectiles, missiles, and bombs. Fragments would result from fractures in the munitions casing
and would vary in size depending on the size of the net explosive weight and munitions type;
however, typical sizes of fragments are unknown. These solid metal materials would quickly
move through the water column and settle to the seafloor. Similar to non-explosive practice
munitions described above, ingestion of high-explosive munition fragments by fast-moving
mobile predators such tunas and mackerel in the water column is possible. In the unlikely event
that explosive material, high-melting-point explosive (known as HMX), or royal demolition
explosive (known as RDX) is exposed on the ocean floor, it would break down in a few hours
(U.S. Department of the Navy, 2001b, 2001c). High-melting-point explosive or royal demolition
explosive would not accumulate in the tissues of fish (Lotufo et al., 2010; Price et al., 1998).
Fragments are primarily encountered by species that forage on the bottom.

It is possible that expended small-caliber projectiles on the seafloor could be colonized by
seafloor organisms and mistaken for prey, or that expended small-caliber projectiles could be
accidentally or intentionally eaten during foraging. Over time, the metal may corrode or
become covered by sediment in some habitats, reducing the likelihood of a fish encountering
the small caliber, non-explosive practice munitions.

The potential effects of ingesting foreign objects on a given fish depend on the species and size
of the fish. Fish that normally eat spiny, hard-bodied invertebrates (e.g., cabezon and some
rockfishes) may have tougher mouths and digestive systems than fish that normally feed on
softer prey. Materials that are similar to the normal diet of a fish would be more likely to be
ingested and more easily handled once ingested—for example, by fishes that feed on
invertebrates with sharp appendages. These items could include fragments from high
explosives that a fish could encounter on the seafloor. Relatively small or smooth objects, such
as small caliber projectiles or their casings, might pass through the digestive tract without
causing harm. A small sharp-edged item could cause a fish immediate physical distress by
tearing or cutting the mouth, throat, or stomach. If the object is rigid and large (relative to the
fish’s mouth and throat), it may block the throat or obstruct the flow of waste through the
digestive system. An object may be enclosed by a cyst in the gut lining (Danner et al., 2009;
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Hoss & Settle, 1990). Ingestion of large foreign objects could lead to disruption of a fish’s
normal feeding behavior, which could be sublethal or lethal.

Fishes feed throughout the water column and could mistake many types of marine debris for
prey items. Ingesting nonfood items is common among a variety of marine fishes, particularly
those that feed on the seafloor (Boerger et al., 2010; Hoss & Settle, 1990; Jackson et al., 2000).
Many fishes are also known to accidentally ingest plastic materials, and the extent to which an
individual fish might discriminate between a plastic item perceived as prey and an indistinct or
less appealing shape is not clear. Once eaten, any type of plastic could cause digestive problems
for the fish (Danner et al., 2009). Fishes have been reported to ingest a variety of materials or
debris, such as plastic pellets, bags, rope, and line (Hoss & Settle, 1990; Jackson et al., 2000).
Larger filter feeders such as basking sharks could also inadvertently ingest a small or medium
decelerator/parachute.

Chaff is used within the Study Area. It is composed of an aluminum alloy coating on glass fibers
of silicon dioxide and is released or dispensed in cartridges or projectiles that contain millions of
fibers. Based on the small size of chaff fibers, fish would likely not confuse the fibers with prey
items or purposefully feed on them. However, some fishes could occasionally ingest low
concentrations of chaff incidentally while feeding on prey items on the surface, in the water
column, or the seafloor. Chaff fiber ingestion is not expected to affect fishes based on the low
concentration that could reasonably be ingested and the small size of the chaff fibers.
Therefore, exposure to chaff would cause no injury, mortality, or tissue damage to fishes.
Potential effects of chaff ingestion by fish are not discussed further. Effects of ingestion of the
end caps or pistons associated with chaff cartridges are discussed together with effects of flares
below.

Chaff end caps and pistons sink in saltwater (U.S. Department of the Navy, 1999). Fishes feeding
on the where chaff canisters and flares are expended (e.g., range complexes would be more
likely to encounter and ingest these items than in other locations. Ingested end caps or pistons
could disrupt a fish’s feeding behavior or digestive processes. If the item is particularly large
relative to the fish ingesting it, the item could become permanently encapsulated by the
stomach lining, and potentially lead to starvation and death (Danner et al., 2009; Hoss & Settle,
1990). Based on the low environmental concentration of chaff and flare end caps/pistons, it is
unlikely that a larger number of fishes would ingest an end cap or piston, much less a harmful
guantity. Furthermore, a fish might expel the item before swallowing it. The number of fish
potentially affected by ingestion of end caps or pistons would be low based on the low
environmental concentration and population-level effects are not expected to occur.

As described above, surface-feeding fishes have little opportunity to ingest end caps or pistons
before they sink. However, some of these items could become entangled in dense algal mats
near the surface. Predatory open-ocean fishes, such as sharks, tunas and mackerel, are
attracted to the many small prey species associated with algal mats. While foraging near the
floating mats, predatory fishes may incidentally ingest end caps and pistons. The density of
these items in any given location would vary based on release points and dispersion by wind
and water currents. The number of end caps and pistons that would remain at or just below the
surface in algal mats and potentially available to fish is unknown. Unlike other plastic types of
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marine debris, end caps and pistons are heavier than water and not expected to float unless
they are enmeshed in algal or other floating debris.

Most materials associated with airborne mine neutralization system activities are recovered,
but pieces of fiber optic cable may be expended (U.S. Department of the Navy, 2001c). For the
number of materials expended at sea annually under each alternative, please see Section
3.0.4.1.3. Only small amounts of fiber optic cable would be deposited onto the seafloor each year,
and the small amount of fiber optic cable expended during training and testing would sink to
the seafloor. Highly migratory pelagic predators (e.g., tunas and mackerel) would be unlikely to
encounter the small, dispersed lengths of fiber optic cable unless they were in the immediate
area when the cable was expended. The low number of fiber optic cables expended in the
Study Area during this activity makes it unlikely that fishes would encounter any fiber optic
cables. Potential effects of fiber optic cable ingestion by fishes are not discussed further.

C.6.7 Secondary Stressors
C.6.7.1 Explosions

Secondary effects on fishes resulting from explosions at the surface, in the water column, or on
the bottom would be associated with changes to habitat 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 sediment over time. A small amount of sediment would be suspended
in the water column temporarily (turbidity) but would resettle to the bottom. 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). Given the large spatial area of the range complexes compared to the small
percentage covered by hard bottom habitat, it is unlikely that most of the small, medium, and
large projectiles expended in the Study Area would fall onto this habitat type. Furthermore,
these activities are distributed within discrete locations within the Study Area, and the overall
footprint of these areas is quite small with respect to the spatial extent of biogenic habitat
within the Study Area.

The alternatives could result in localized and temporary changes to the benthic community
during activities that affect fish habitat. Fish habitat could become degraded during activities
that would strike the seafloor or introduce military expended materials, bombs, projectiles,
missiles, rockets or fragments to the seafloor. During or following activities that affect benthic
habitats, fish species may experience loss of available benthic prey at locations in the Study
Area where these items might be expended. Additionally, plankton and zooplankton that are
eaten by fishes may also be negatively affected by these same expended materials. The spatial
area of habitat affected by the Proposed Action would be relatively small compared to the
available habitat in the Study Area. However, there would still be vast expanses of habitat
adjacent to the areas of habitat effect that would remain undisturbed by the Proposed Action.

C.6.7.2 Explosion By-Products

Deposition of undetonated explosive materials into the marine environment can be reasonably
well estimated by the known failure and low-order detonation rates of high explosives.
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Undetonated explosives associated with mine neutralization activities are collected after the
activity is complete; therefore, potential effects are assumed to be inconsequential for these
training and testing activities, but other activities could result in unexploded munitions and
unconsumed explosives on the seafloor. Fishes may be exposed by contact with the explosive,
contact with contaminants in the sediment or water, and ingestion of contaminated sediments.

High-order explosions consume most of the explosive material, creating typical combustion
products. In the case of royal demolition explosive, 98 percent of the products are common
seawater constituents, and the remainder is rapidly diluted below threshold effect level.
Explosion byproducts associated with high order detonations present no indirect stressors to
fishes through sediment or water. However, low order detonations and unexploded munitions
present elevated likelihood of effects on fishes.

Indirect effects of explosives and unexploded munitions to fishes via sediment is possible in the
immediate vicinity of the munitions. Degradation of explosives proceeds via several pathways
discussed in Section 3.1.4.1 of the 2020 SEIS/OEIS. Degradation products of royal demolition
explosive are not toxic to marine organisms at realistic exposure levels (Rosen & Lotufo, 2010b).
TNT and its degradation products affect developmental processes in fishes and are acutely toxic
to adults at concentrations similar to real-world exposures (Halpern et al., 2008; Rosen &
Lotufo, 2010b). Relatively low solubility of most explosives and their degradation products
means that concentrations of these contaminants in the marine environment are relatively low
and readily diluted. Furthermore, while explosives and their degradation products were
detectable in marine sediment approximately 0.15-0.3 m away from degrading munitions, the
concentrations of these compounds were not statistically distinguishable from background
beyond 1-2 m from the degrading munitions. Taken together, it is likely that various life stages
of fishes could be affected by the indirect effects of degrading explosives within a very small
radius of the explosive (0.3-2 m).

If a high explosive munition does not explode, it would sink to the bottom. In the unlikely event
that explosive material, high-melting-point explosive (known as HMX), or royal demolition
explosive (known as RDX) is exposed on the ocean floor, it would break down in a few hours
(U.S. Department of the Navy, 2001c). High-melting-point explosive or royal demolition
explosive would not accumulate in the tissues of fishes (Lotufo et al., 2010; Price et al., 1998).
Fish may take up TNT from the water when it is present at high concentrations but not from
sediments (Lotufo et al., 2010). The rapid dispersal and dilution of TNT expected in the marine
water column reduces the likelihood of a fish encountering high concentrations of TNT to near
zero.

A series of research efforts focused on World War Il underwater munitions disposal sites in
Hawaii (Briggs et al., 2016; Edwards et al., 2016; Kelley et al., 2016; Koide et al., 2016;
University of Hawaii, 2010) and an intensively used live fire range in the Mariana Islands (Smith
& Marx, 2016) provide information in regard to the effects of undetonated materials and
unexploded munitions on marine life. A summary of this literature which investigated water
and sediment quality effects, on a localized scale, from munitions ocean disposal sites and
ocean disposed dredge spoils sites is presented in the Sediments and Water Quality section of
the 2020 SES/OEIS (specifically in Section 3.1.4.1 and Section 3.1.4.2). Findings from these
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studies indicate that there were no adverse effects on the local ecology from the presence of
degrading munitions and there was no bioaccumulation of munitions-related chemicals in local
marine species. Therefore, water quality effects from the use of munitions, expended material,
or devices would be negligible, would have no long-term effect on water quality, and therefore
would not constitute a secondary indirect stressor for fishes.

C.6.7.3 Metals

Certain metals and metal-containing compounds at concentrations above background levels
(e.g., cadmium, chromium, lead, mercury, zinc, copper, manganese, and many others) can be
toxic to fishes (Wang & Rainbow, 2008). Metals are introduced into seawater and sediments as
a result of training and testing activities involving targets, munitions, and other military
expended materials. Some metals bioaccumulate, and physiological effects begin to occur only
after several trophic transfers concentrate the toxic metals (U.S. Department of the Navy,
2012). Indirect effects of metals on fish via sediment and water involve concentrations several
orders of magnitude lower than concentrations achieved via bioaccumulation. Fishes may be
exposed by contact with the metal, contact with contaminants in the sediment or water, and
ingestion of contaminated sediments. Concentrations of metals in seawater are orders of
magnitude lower than concentrations in marine sediments. It is extremely unlikely that fishes
would be indirectly affected by toxic metals via the water.

C.6.7.4 Chemicals

Several training and testing activities introduce potentially harmful chemicals into the marine
environment, principally flares and propellants for rockets, missiles, and torpedoes. The use of
polychlorinated biphenyls has been nearly zero since 1979, so there is no additional risk to fish
because the Proposed Action does not introduce this chemical into the Study Area. Properly
functioning flares, missiles, rockets, and torpedoes combust most of their propellants, leaving
benign or readily diluted soluble combustion byproducts (e.g., hydrogen cyanide). Operational
failures allow propellants and their degradation products to be released into the marine
environment.

The greatest risk to fishes from flares, missiles, and rocket propellants is perchlorate, which is
highly soluble in water, persistent, and affects metabolic processes in many plants and animals.
Fishes may be exposed by contact with contaminated water or ingestion of re-suspended
contaminated sediments. Since perchlorate is highly soluble, it does not readily adsorb to
sediments. Therefore, missile and rocket fuels pose no risk of indirect effect on fishes via
sediment. In contrast, Otto Fuel Il is used as a liquid propellant in torpedoes; it is consumed
underwater, and any combustion products would enter the marine environment. Most
byproducts of Otto Fuel Il combustions are naturally occurring chemicals and most of the
constituents of concern are biodegradable by various marine organisms or by physical and
chemical biological processes common in marine ecosystems. It is conceivable that various life
stages of fishes could be indirectly affected by propellants via sediment in the immediate
vicinity of the object (e.g., within a few inches), but these potential effects would diminish
rapidly as the propellant degrades.
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C.6.7.5 Other Materials

Some military expended materials (e.g., decelerators/parachutes) could become remobilized
after their initial contact with the seafloor (e.g., by waves or currents) and could pose an
entanglement or ingestion hazard for fishes. For example, in some bottom types without strong
currents, hard-packed sediments, and low biological productivity, items such as projectiles
might remain intact for some time before becoming degraded or broken down by natural
processes. These potential effects may cease only (1) when the military expended materials are
too massive to be mobilized by typical oceanographic processes, (2) if the military expended
materials become encrusted by natural processes and incorporated into the seafloor, or (3)
when the military expended materials become permanently buried. In this scenario, a
decelerator/parachute could initially sink to the seafloor, but then be transported laterally
through the water column or along the seafloor, increasing the opportunity for entanglement.
In the unlikely event that a fish would become entangled, injury or mortality could result. In
contrast to large decelerators/parachutes, other devices with decelerators such as sonobuoys
are typically used in deep open ocean areas. These areas are much lower in fish numbers and
diversity, so entanglement hazards are greatly reduced for commercially and recreationally
targeted species (e.g., tuna, swordfish), as well as mesopelagic prey of other species. The
entanglement stressor would eventually cease to pose an entanglement risk as it becomes
encrusted or buried.

C.7 Marine Mammals
C.7.1 Acoustic Stressors

Background information supporting the analysis of acoustic stressors is presented in the
Acoustic and Explosives Concepts Technical Report (U.S. Department of the Navy, 2026b).

C.7.2 Explosive Stressors

Background information supporting the analysis of explosive stressors is presented in the
Scientific Background for Assessing Acoustic and Explosive Effects on Fishes, Marine Mammals,
and Reptiles Technical Report (U.S. Department of the Navy, 2026b) .

C.7.3 Energy Stressors
C.7.3.1 Effects from In-Water Electromagnetic Devices

There has been renewed interest in this topic of inquiry given the potential for electromagnetic
fields generated by undersea power cables to possibly affect geo-navigation in migrating
marine mammals (Gill et al., 2014; Kremers et al., 2016b; Kremers et al., 2014; Zellar et al.,
2017). Horton et al. (2017) have indicated that future experiments involving empirical
observation of free-ranging animals are still required for there to be sufficient evidence
demonstrating causal relations between marine mammal movement decisions and
environmental cues such as Earth’s magnetic field.

Most of the early research investigated the possible correlations of where live-stranding
locations occurred to determine if there was an associated local variation in Earth’s magnetic
field (Kirschvink, 1990; Klinowska, 1985; Walker et al., 1992). Species included long-finned
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(Globicephala melas) and short-finned (Globicephala macrorhynchus) pilot whales, striped
dolphin (Stenella coeruleoalba), Atlantic spotted dolphin (Stenella frontalis), Atlantic white-
sided dolphin (Lagenorhynchus acutus), fin whale (Balaenoptera physalus), short-beaked
common dolphin (Delphinus delphis), harbor porpoise (Phocoena phocoena), sperm whale
(Physeter macrocephalus), and pygmy sperm whale (Kogia breviceps), which had live stranding
locations that correlated with areas where the earth’s magnetic field was locally weaker than
surrounding areas (Kirschvink, 1990). These statistical associations for locally weaker areas
represented a total intensity variation of less than 0.05 microtesla in the magnetic field
(Kirschvink et al., 1986). While this correlation seemed to have also been demonstrated for
bottlenose dolphins in the Atlantic (Kirschvink et al., 1986), there was no correlation found in
the Pacific (Kirschvink, 1990). Subsequent research regarding fin whale sightings over the
continental shelf off the northeastern United States was consistent with the findings involving
stranded fin whales (Kirschvink, 1990), supporting the hypothesis that fin whales possess a
magnetic sense and that they use it to migrate (Walker et al., 1992). Bureau of Ocean Energy
Management (2011) reviewed available information on electromagnetic and magnetic field
sensitivity of marine organisms (including marine mammals) for effect assessment of offshore
wind farms for the U.S. Department of the Interior and concluded there was behavioral,
anatomical, and theoretical evidence indicating that cetaceans sense magnetic fields.

Anatomical evidence suggests the presence of magnetic material in the brain (Pacific common
dolphin, Dall’s porpoise, bottlenose dolphin, goose-beaked whale, and the humpback whale)
and in the tongue and lower jawbones (harbor porpoise) (Bauer et al., 1985; Kirschvink, 1990).
Zoeger et al. (1981) found what appeared to be nerve fibers associated with the magnetic
material in a Pacific common dolphin and proposed that it may be used as a magnetic field
receptor. Electrosensitivity was found in the Guiana dolphin (Czech-Damal et al., 2011).
Kuzhetsov (1999) conducted experiments exposing bottlenose dolphins to permanent magnetic
field intensities of 32, 108, and 168 microteslas and showed both behavioral and physiological
reactions during 79 percent, 63 percent, and 53 percent of the trials, respectively (as
summarized in Bureau of Ocean Energy Management (2011)). Behavioral reactions included
sharp exhalations, acoustic activity, and movement, while physiological reactions included a
change in heart rate. Kremers et al. (2014) conducted another experiment to observe the
spontaneous reactions of captive bottlenose dolphins from a magnetized device compared to a
demagnetized device. Results from this experiment confirmed that dolphins are capable of
perceiving magnetic fields from a distance of more than 1.5 m from the 1.2 tesla magnetic
strength device; creating a magnetic field with a strength of approximately 0.051 to 0.240 tesla
between 2 and 5 cm from the source (Kremers et al., 2014). The dolphins approached the
magnetized device with shorter latency compared to the demagnetized device that was
identical in form and density and otherwise undistinguishable through echolocation (Kremers et
al., 2014). The findings also suggest that dolphins may be able to discriminate between two
items based on their magnetic properties (Kremers et al., 2016a). It is still unclear whether
magnetic fields are attractive or repulsive to dolphins (Kremers et al., 2016a; Kremers et al.,
2014) and further studies on the magnetic perception threshold on dolphin behavior need to be
conducted (Kremers et al., 2016a).
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Although it is not fully understood, based on the available evidence described above, it is
probable that marine mammals use Earth’s magnetic field for orientation or migration (Walker
et al., 1992). If a marine mammal was in proximity of an in-water electromagnetic field source
associated with training and testing, emitting a field strong enough to be detected, and that
animal is sensitive to the exposure, it is conceivable that this electromagnetic field could have
an effect on a marine mammal, specifically interfering that animal’s ability to navigate.

C.7.3.2 Effects from Neutron Energy Devices

A new energy sub-stressor, neutron energy devices, was analyzed for potential effects on
marine mammals. These devices use a controlled neutron source and detectors to scan and
identify chemical ratios (such as the ratio between carbon, oxygen, and nitrogen) to detect
submerged explosives. If exposed to neutron radiation, a dosage level of 2 millirems per hour is
considered safe for marine organisms. Within a 2 m radius from the source, neutron exposure
levels are expected to be much less than the safe level of 2 mrem per hour.

Each proposed testing event using a neutron energy device is anticipated to occur up to 10
hours per day and operate with a 30 percent duty cycle (i.e., emit energy 30 percent of the
time). Testing may occur at the water’s surface, in the water column, and at the seafloor. As a
result, for a given marine mammal to be exposed to unsafe dosage levels greater than 2 mrem
per hour, that animal would have to stay within approximately 2 m of the of the device for
hours.

Due to the highly migratory nature of some marine mammal species (e.g., gray whales,
humpback whales, Guadalupe fur seals, elephant seals) exposure would not be expected to
occur within 2 m of the device continuously for hours. There is no conceivable reason resident
species (e.g., Southern Resident killer whales) would be expected to linger within 2 m of a
device long enough to be exposed to unsafe dosages of energy. While an individual marine
mammal could encounter a device while it is deployed and actively emitting energy, and occur
within 2 m of the source, due to the small exposure radius and the low probability of aa animal
remaining within that area for an extended period, an effect is on the individual is not
reasonably foreseeable.

C.7.3.3 Effects from High-Energy Lasers

As discussed in Section 3.0.3.3.1 in the 2020 SEIS/OEIS, high-energy laser weapons are designed
to disable surface targets, rendering them immobile. The primary effect from high-energy lasers
would be from the laser beam striking a marine mammal at or near the water's surface, which
could result in injury or death.

Marine mammals could be exposed to a laser only if the beam missed the target. Should the
laser strike the sea surface, individual marine mammals at or near the surface could be
exposed. The potential for exposure to a high-energy laser beam decreases as the water depth
increases. However, high-energy lasers automatically cease transmitting laser light if target lock
is lost, eliminating any reasonably foreseeable potential for a marine mammal to be adversely
affected by the laser.
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C.7.4 Physical Disturbance and Strike Stressors

C.7.4.1 Effects from Vessels and In-Water Devices

Surface vessels can be a source of acute and chronic disturbance for cetaceans (Au & Green,
2000; Bejder et al., 2006; Hewitt, 1985; Lusseau et al., 2009; Magalhaes et al., 2002; Nowacek
et al., 2007; Nowacek et al., 2004b; Richter et al., 2006; Richter et al., 2003; Schoeman et al.,
2020; Watkins, 1986; Wiirsig & Richardson, 2009). Studies have established that cetaceans
generally engage in avoidance behavior when surface vessels move toward them. Overall, strike
avoidance success is dependent on a marine mammal’s ability to identify and locate the vessel
from its radiated sound and the animal’s ability to maneuver away from the vessel in time.

Various research findings report that mysticetes have variable responses to vessels dependent
on the context (Nowacek et al., 2004a; Richardson et al., 1995; Watkins, 1986). Similarly,
odontocetes have also demonstrated variable responses to vessels. One study showed that
harbor porpoises in a net-pen displayed behavioral responses (increasing swim speed or
repeated alternating surfacing and diving behaviors [i.e., porpoising]) to the high-frequency
components of vessel noise at long ranges (more than 1,000 m) in shallow waters (Dyndo et al.,
2015). These distances correspond to where radiated noise would be more likely to elicit the
response, rather than physical presence of the vessel (Dyndo et al., 2015; Palka & Hammond,
2001). Conversely, another study demonstrated that physical vessel presence, and not just
noise, was associated with a short-term reduction in foraging activity in bottlenose dolphins
(Pirotta et al., 2015). It is noteworthy that the dolphins associated with this report were
exposed primarily to commercial and leisure boat traffic, not related to military vessel activities.
Even repeated exposures from increasing vessel traffic in the same area resulting in increased
responses to the disturbance may not be biologically significant. Mathematical modeling has
predicted that bottlenose dolphin population dynamics would remain unchanged from a sixfold
increase in vessel traffic (from 70 to 470 vessels per year) as dolphins are able to compensate
for increased disturbance levels with little to no effects on health and vital rates (New et al.,
2013). Aside from the potential for an increased risk of strike addressed below, physical
disturbance from vessel use is not expected to result in more than a short-term behavioral
response.

In some circumstances, marine mammals respond to vessels with the same behavioral
repertoire and tactics they employ when they encounter predators. It is not clear what
environmental cue or cues marine animals might respond to; they may include the sounds of
water being displaced by the ships, the sounds of the ships’ engines, or a combination of
environmental cues surface vessels produce while they transit. For example, in one study,
North Atlantic right whales showed little overall reaction to the playback of sounds of
approaching vessels, but they did respond to a novel sound by swimming strongly to the
surface, which may increase their risk of strike (Nowacek et al., 2004a).

Vessel strikes from commercial, recreational, and Navy and USCG vessels are known to have
resulted in serious injury and occasional fatalities to cetaceans (Abramson et al., 2011; Berman-
Kowalewski et al., 2010; Calambokidis, 2012; Douglas et al., 2008; Laggner, 2009; Lammers et
al., 2003; National Marine Fisheries Service, 2025b; Ransome et al., 2021; Scordino et al., 2023;
Van der Hoop et al., 2013; Van der Hoop et al., 2012). Reviews of the literature on ship strikes
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mainly involve strikes between commercial vessels and whales (Jensen & Silber, 2004; Laist et
al., 2001; Monnahan et al., 2015). Recent vessel strikes in Southern California waters by Navy
vessels may be due to increases in abundance of certain populations or shifts in species
distributions due to changing environmental conditions (Lezama-Ochoa et al., 2024; National
Marine Fisheries Service, 2025b). Juvenile whales of some species may be particular vulnerable
to vessel strikes due to their particular habitat use and surface foraging behavior in nearshore
waters, where smaller vessel number are higher (Scordino et al., 2023; Stepanuk et al., 2021).

Vessel speed, size, and mass are all important factors in determining potential effects of a
vessel strike to marine mammals (Conn & Silber, 2013; Gende et al., 2011; Silber et al., 2010;
Vanderlaan & Taggart, 2007; Wiley et al., 2016). For large vessels, speed and angle of approach
can influence the severity of a strike. Based on modeling conducted by Silber et al. (2010),
researchers found that whales at the surface experienced effects that increased in magnitude
with the ship’s increasing speed. Another study found that there was a 3.4-fold decrease in
close encounters between their research vessel and humpback whales when they traveled at
speeds of 12.5 knots or less as opposed to greater than 12.5 knots (Currie et al., 2017).

C.7.4.1.1 Mysticetes

Vessel strikes have been documented for almost all of the mysticete species (Van der Hoop et
al., 2012). This includes blue whales (Berman-Kowalewski et al., 2010; Calambokidis, 2012;
Monnahan et al., 2015; Van Waerebeek et al., 2007), fin whales (Douglas et al., 2008; Keen et
al., 2019; Van Waerebeek et al., 2007), North Atlantic right whales (Firestone, 2009;
Fonnesbeck et al., 2008; Vanderlaan et al., 2009; Wiley et al., 2016) sei whales (Felix & Van
Waerebeek, 2005; Van Waerebeek et al., 2007), Bryde’s whales (Felix & Van Waerebeek, 2005;
Van Waerebeek et al., 2007), minke whales (Van Waerebeek et al., 2007), humpback whales
(Douglas et al., 2008; Lammers et al., 2003; Ransome et al., 2021; Van Waerebeek et al., 2007),
gray whales (DeAngelis et al., 2011; Scordino et al., 2023), and bowhead whales (Halliday,
2020). Generally, mysticetes are larger than odontocetes and are not able to maneuver as well
as odontocetes to avoid vessels. In addition, mysticetes do not typically aggregate in large
groups and therefore may be more difficult to visually detect from the water surface, thus
making it harder for vessels to avoid them.

Research suggests that the increasing noise in the ocean has made it difficult for whales to
detect approaching vessels, which has indirectly raised the risk of vessel strike (Elvin & Taggart,
2008; Southall et al., 2021). For example, North Atlantic right whales are documented to show
little overall reaction to the playback of sounds of approaching vessels, suggesting that some
whales perform only a last-second flight response (Nowacek et al., 2004a). Some individuals
may become habituated to low-frequency sounds from shipping and fail to respond to an
approaching vessel (National Marine Fisheries Service, 2008). Because surface activity includes
feeding, breeding, and resting, whales may be engaged in this activity and not notice an
approaching vessel. Acoustic shadows may also form ahead of a moving vessel, where radiated
ship noise levels approach or fall below ambient noise and therefore would be hard to detect if
an animal is directly ahead of the ship (Gerstein et al., 2005).

On the other hand, the lack of an acoustic cue of vessel presence can be detrimental as well.
One study documented multiple cases where humpback whales struck anchored or drifting
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vessels; in one case a humpback whale punched a 1.5 m hole through the hull of an anchored
22 m wooden sailboat, and another instance a humpback whale rammed a powered down 10 m
fiberglass sailboat (Neilson et al., 2012). These results suggest that either the whales did not
detect the vessel, or they intentionally struck it. In this study, vessel strikes to multiple cetacean
species were included in the investigation; however, humpback whales were the only species
that displayed this type of interaction with an unpowered vessel.

Another study found that 79 percent of reported strikes between sailing vessels and cetaceans
occurred when the vessels were under sail, suggesting it may be difficult for whales to detect
the faint sound of sailing vessels (Ritter, 2012). However, in some instances, avoidance behavior
has been observed even after exposure to noise. A blue whale was observed in a near strike
with a ship while the whale was tagged with a tag that collected depth information (Szesciorka
et al., 2019). A 263 m container ship approached the whale while traveling at 11.3 knots and
came within 93 m of the whale while the whale was at a depth of 67.5 m ascending from a
foraging dive. The whale slowed its ascent and switched to a descent dive, surfacing three
minutes later. This incident took place in Southern California, and prior to the near strike with
the ship, the blue whale had been exposed to simulated mid-frequency (3 to 4 kHz) active sonar
(Southall et al., 2019), which ended 62 min prior to the observation presented here.

Mysticetes that occur within the Study Area have varying patterns of occurrence and
distribution, which overlap with areas where vessel use associated with military readiness
activities may occur. For example, species that have higher densities closer to shore or near the
mouth of the Strait of Juan de Fuca may be more susceptible to vessel strike or disturbance,
because those areas have higher vessel traffic as Navy and USCG vessels transit from ports in
the Inland Waters to the Offshore Area to conduct activities. Risk of vessel strikes may also
increase depending on species behavior. Increases in both nighttime foraging of some species
and ship traffic overall contributes to increased risk of strike in some areas (Caruso et al., 2021).
Refer to the U.S. Navy Marine Species Density Database Phase IV for the Northwest Training
and Testing Study Area technical report (U.S. Department of the Navy, 2026c) for information
on species with higher densities in or near the Strait of Juan de Fuca.

C.7.4.1.2 Odontocetes

Odontocetes that occur within the Study Area have varying patterns of occurrence and
distribution, which overlap with areas where vessel use associated with military readiness
activities would occur. Available literature suggests based on their smaller body size,
maneuverability, larger group sizes, and hearing capabilities, odontocetes are not as likely to be
struck by a vessel as mysticetes. When generally compared to mysticetes, odontocetes are
more capable of avoiding a vessel strike, and, since some species occur in large groups (e.g.,
dolphins), they are more easily seen and avoided when they are close to the water’s surface.

While odontocetes move quickly and seem to be less vulnerable to vessel strikes than other
cetaceans, most small whale and dolphin species have at least occasionally suffered from vessel
strikes, including killer whales (Van Waerebeek et al., 2007; Visser & Fertl, 2000), short-finned
and long-finned pilot whales (Aguilar et al., 2000; Van Waerebeek et al., 2007), bottlenose
dolphins (Bloom & Jager, 1994; Van Waerebeek et al., 2007; Wells & Scott, 1997), white-beaked
dolphins (Van Waerebeek et al., 2007), short-beaked common dolphins (Van Waerebeek et al.,
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2007), spinner dolphins (Camargo & Bellini, 2007; Van Waerebeek et al., 2007), striped dolphins
(Van Waerebeek et al., 2007), Atlantic spotted dolphins (Van Waerebeek et al., 2007), and
pygmy sperm whales (Kogia breviceps) (Van Waerebeek et al., 2007). Beaked whales
documented in vessel strikes include Arnoux’s beaked whale (Van Waerebeek et al., 2007),
goose-beaked whale (formerly Cuvier’s beaked whale) (Aguilar et al., 2000; Van Waerebeek et
al., 2007), and several species of Mesoplodon (Van Waerebeek et al., 2007).

However, evidence suggests that beaked whales may be able to hear the low-frequency sounds
of large vessels and thus potentially avoid strike because they are better at hearing low-
frequency sounds of vessels than other odontocetes (Ketten, 1998). Sperm whales may be
exceptionally vulnerable to vessel strikes as they spend extended periods of time “rafting” at
the surface to restore oxygen levels within their tissues after deep dives (Jaquet & Whitehead,
1996; Watkins et al., 1999). Based on hearing capabilities and dive behavior, sperm whales may
not be capable of successfully completing an escape maneuver, such as a dive, in the time
available after perceiving a fast-moving vessel. This supports the suggestion that vessel speed is
a critical parameter for sperm whale strike risks (Gannier & Marty, 2015). Data on vessel strikes
of smaller cetaceans are generally scarce likely due, at least in part, to a reporting bias rather
than strikes being less frequent (Ransome et al., 2021; Schoeman et al., 2020).

Southern Resident killer whales are a prominent species occurring primarily in the Inland
Waters. Considering the relatively confined geography compared to an offshore environment,
and higher concentration of vessel traffic, the killer whales may encounter vessels more
frequently in Inland Waters and in closer proximity. Holt et al. (2021) showed that tagged killer
whales changed behaviors (e.g., ceased foraging) as vessels approached within 400 yards. The
study also found that females were more like to stop foraging than males, which could have
implications for reproductive success due to lower energy levels.

C.7.4.1.3 Pinnipeds

Ship strikes were not reported as a global threat to pinniped populations by Kovacs et al.
(2012). A review of the National Marine Fisheries Service’s (NMFS’) report on marine mammal
strandings from 2018 to 2022 shows that vessel strike was the source of 33 mortality or serious
cases injury cases, which represented a small fraction of total cases (National Marine Fisheries
Service, 2025a). For comparison, harassment, including shooting, and three fishery related
activities accounted for over 1,300 mortality or serious injury cases. Pinnipeds in general appear
to suffer fewer effects from vessel strikes than do cetaceans. This may be due, at least in part,
to the time they spend on land resting and breeding, and their high maneuverability in the
water. One study in the Salish Sea found 27 fatalities due to propeller strike from vessels out of
3,633 stranding cases, with weaned pups making up 64 percent of the fatalities (Olson et al.,
2021). Nevertheless, the authors concluded that, while a concern, harbor seal populations or
stocks in the Salish Sea are probably not threatened by these types of strikes or interactions
with vessels.
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C.7.4.2 Effects from Aircraft and Aerial Targets

Physical disturbance and strike effects from aircraft and aerial targets are not applicable to
marine mammals, because airborne activities do not interact with the marine mammal habitat
(i.e., underwater habitat). Aircraft noise is discussed as an acoustic stressor.

C.7.4.3 Effects from Military Expended Materials

The primary concern is the potential for a marine mammal to be hit with military expended
material at or near the water’s surface, which could result in injury or death. While disturbance
or strike from an item falling through the water column is possible, it is not very likely because
the objects generally sink slowly through the water and can be avoided by most marine
mammals. Therefore, the discussion of military expended material strikes focuses on the
potential of a strike at the surface of the water.

While no strike from military expended materials has ever been reported, the possibility of a
strike still is reasonably foreseeable. Therefore, the potential for marine mammals to be struck
by military expended materials was evaluated using statistical probability modeling to estimate
potential direct strike exposures to a marine mammal under a worst-case scenario. Specific
details of the modeling approach, including model selection and calculation methods, are
presented in Appendix F (Military Expended Materials, Direct Strike, and Vessel Strike
Supporting Information).

C.7.4.4 Effects from Seafloor Devices

The only seafloor device used during military readiness activities that has the potential to strike
a marine mammal at or near the surface is an aircraft-deployed mine shape, which is used
during aerial mine laying activities. These devices are identical to non-explosive practice bombs,
and, therefore, the analysis of the potential effects from those devices is covered in Section
C.7.4.3 and are not further discussed in this section.

C.7.5 Entanglement Stressors

This analysis includes the potential effects from three types of military expended materials: (1)
wires and cables, (2) decelerators/parachutes, and (3) biodegradable polymers. These
materials, if encountered, may have the potential to entangle marine mammals in the Study
Area at the surface, in the water column, or along the seafloor. Since potential effects depend
on how a marine mammal encounters and reacts to items that pose an entanglement risk, the
following subsections discuss research relevant to specific groups or species. Risk factors such
as animal size, sensory capabilities, and foraging methods are also considered in the potential
risk for entanglement. Most entanglements discussed are attributable to marine mammal
encounters with fishing gear or other non-military materials that float or are suspended at the
surface. Entanglement events are difficult to detect from land or from a boat as they may occur
at considerable distances from shore and typically take place underwater. Smaller entangled
animals are inherently less likely to be detected than larger ones, but larger animals may
subsequently swim off while still entangled, towing lines or fishing gear behind them.
Therefore, the likelihood of witnessing an entanglement event is typically low (Benjamins et al.,
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2014). However, the properties and size of these military expended materials, as described in
Section 3.0 of the 2020 SEIS/OEIS, makes entanglement unlikely.

Since there has never been a reported or recorded instance of a marine mammal entangled in
military expended materials (Henry et al., 2016; National Oceanic and Atmospheric
Administration Marine Debris Program, 2014a), the Navy and USCG considered the available
literature and reports on entanglement. These reports indicate that active and derelict fishing
gear is the predominant cause of entanglement for most marine mammal species groups
(National Marine Fisheries Service, 2025a). The reason for this, and the ways that fishing gear
may be different from military expended materials, are as follows: (1) fishing gear is most often
used in areas of high productivity where whales may congregate and feed; whereas military
expended materials are generally used in broad, diverse, open-ocean areas and expenditures
are not concentrated; (2) fishing gear is designed to trap/entangle marine life and are made
with a high breaking strength to withstand prolonged use in the ocean environment; military
expended materials are not designed to persist in the ocean environment for long periods of
time and are not designed to entangle or capture marine life; and (3) fishing gear and ropes are
designed to float or be suspended in the water column for long periods of time, whereas most
military expended materials sink immediately and rapidly.

C.7.5.1 Mysticetes

Mysticete species with documented entanglement in marine debris, as opposed to active
fishing gear, include humpback whales, gray whales, minke whales, and fin whales (National
Marine Fisheries Service, 2023; Scordino et al., 2023) (Baulch & Perry, 2014; Laist, 1997). It has
been estimated that a minimum of 52 percent and a maximum of 78 percent of whales have
been non-lethally entangled in their lifetime in some populations (Neilson et al., 2009).

While entanglement, particularly in fishing gear, remains a risk for mysticetes in the Study Area,
fewer strandings of marine mammals are reported in the Pacific Northwest region compared to
other regions in the United States, such as off California and Massachusetts (National Oceanic
and Atmospheric Administration, 2025). In 2024, large whale entanglements reported in the
Study Area included six humpback whales, three gray whales, and one fin whale (National
Oceanic and Atmospheric Administration, 2025).

Entanglement of many large whales most often begins with rope being caught in its baleen
plates (Werth et al., 2024). Based on feeding adaptations for mysticetes, oral entanglement
may pose one of the greatest threats to survival, due to impaired foraging and possibly loss of
function of the hydrostatic seal (formed when upper and lower lips come together and keep
the mouth closed), requiring the whale to expend energy to actively keep the mouth closed
during swimming (Cassoff et al., 2011; Werth et al., 2024). Impaired foraging could lead to
deterioration of health, making the animal more susceptible to disease or eventual starvation
over a long period of time; or chronic poor body condition, which could result in suppressions
to growth, age of sexual maturation and calving rates (Christiansen et al., 2020; Werth et al.,
2024).

Compounding the issue, trailing lengths of rope or line may become wrapped around the
animal’s appendages as it struggles to free itself (Kozuck, 2003), limiting the animal’s mobility
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and increasing drag. This reduced mobility can also reduce foraging success or even limit the
animal’s ability to surface. Notably, the single acute cause of entanglement mortalities has been
associated with drowning from multiple body parts being entangled (Cassoff et al., 2011). Even
if a whale is freed of an entanglement, the recovery time is estimated to be an average of 1.3-3
months (Moore et al., 2021; van der Hoop et al., 2017), extending the sub-lethal effects of an
entanglement.

Common sources of entanglements for mysticetes include line and net fragments attached
through the mouth or around the tail and flippers (National Oceanic and Atmospheric
Administration Marine Debris Program, 2014a). Rope diameter and breaking strengths may also
determine an animal’s ability to break free from entanglement. Increased rope strength has
been found to be positively correlated with injury severity in right whales, but not for
humpback whales (Knowlton et al., 2015). Minke whales were also found entangled in lower
breaking strength ropes than both humpback and right whales, respectively (Knowlton et al.,
2015). The breaking strength of these ropes are significantly greater than the breaking strength
of torpedo guidance wires (maximum 42 Ib.-force) as described in Section 3.0 on wires and
cables in the previous NWTT analyses. Entanglement would be more likely for materials with
similar physical properties as the ropes mentioned above and not as likely with materials
expended during miliary readiness activities.

Entanglement in fishing gear is a known cause of humpback whale injury and mortality, with all
components of both pot and gillnet gear documented during 77 separate humpback whale
entanglement cases nationally (National Oceanic and Atmospheric Administration, 2025).
Humpback whales are historically the most frequently entangled large whale species,
accounting for 73 percent of all confirmed entanglements in 2022 and an average of 69 percent
between 2007 and 2022 (National Marine Fisheries Service, 2024). A combination of factors is
likely contributing to humpback whale entanglements, including increases in abundance of
some stocks or distinct population segments, including off the West Coast; greater overlap
between distributions and locations of commercial fishing activity and increases in reporting
and outreach (National Marine Fisheries Service, 2024). In addition, humpbacks tend to occur
closer to shore than other large whale species increasing the likelihood that they would be
observed more frequently than species that prefer deeper offshore waters. Available data
indicate that male humpback whales typically have more entanglement scars than females and
may become entangled more frequently. Juvenile whales were found to have a higher rate of
entanglement and be more at risk of serious injury and mortality when entangled than mature
animals of the same species (Robbins, 2009, 2010).

Military expended material is expected to sink to the ocean floor. It is possible that marine
mammals could encounter these items within the water column as they sink to the bottom.
Less buoyant items that sink faster are not as likely to become entangled with a marine
mammal compared to more buoyant materials that would sink slower to the floor. Mysticetes
that occupy the water column or skim feed along the water’s surface would have to encounter
a military expended material at the same time and location it is either expended or as it sinks
(Hamilton & Kraus, 2019).
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Mysticete species that feed near or at the bottom (Gailey et al., 2022) or otherwise interact
with the bottom (Stevenson & Werth, 2024) in the areas where activities are conducted that
result in military expended materials could encounter items that have already sunk and,
therefore, do not have to be present at the precise time when items are expended. However,
most benthic foraging habitat is in relatively shallow nearshore waters, whereas most
munitions and other MEM are released farther from shore, where they will sink to depths
inaccessible even to marine mammals that are known to interact with the bottom.

C.7.5.2 Odontocetes

Odontocete species with documented records of marine debris entanglement, excluding fishing
gear, are the sperm whale, bottlenose dolphin, harbor porpoise, and Dall’s porpoise (National
Oceanic and Atmospheric Administration Marine Debris Program, 2014a). Bottlenose dolphins
are the most commonly entangled odontocete, with most entanglements involving
monofilament line, net fragments, and rope attached to appendages (National Oceanic and
Atmospheric Administration Marine Debris Program, 2014a). Heezen (1957) reported two
confirmed instances of sperm whales entangled in the slack lengths of telegraph cable near
cable repair sites along the seafloor. These whales likely became entangled while feeding along
the bottom, as the cables were found wrapped around the jaw. Other sperm whale
entanglements in gill nets have been reported, resulting in various behavioral responses,
injuries and in some cases, mortalities (Haase & Felix, 1994; Jacobsen et al., 2010; National
Oceanic and Atmospheric Administration, 2025; Pace et al., 2008). Juvenile harbor porpoises
exposed to 0.5-in. diameter white nylon ropes in both vertical and horizontal planes treated the
ropes as barriers, more frequently swimming under than over them. However, porpoises
feeding on fish in the area crossed the ropes more frequently and became less cautious,
suggesting that rope poses a greater risk in a feeding area than in a transit area. For harbor
porpoises feeding along the bottom, rope suspended near the seafloor is more likely to
entangle than rope higher in the water column given the animals’ natural tendency is to swim
beneath barriers (Kastelein et al., 2005).

C.7.5.3 Pinnipeds

Entanglement is considered a serious threat to several populations of pinnipeds (Kovacs et al.,
2012); 67 percent of pinniped species have been recorded as entangled (Kuhn et al., 2015).
Younger pinnipeds appear to be more prone to entanglement than adults (Hofmeyr et al., 2006;
Page et al., 2004). Seals can get entangled in nets and fishing line when young and then grow
with the lines wrapped around their necks or appendages, causing deep wounds and eventually
death. Death may occur by strangulation or severing of the arteries (Derraik, 2002). In a
comprehensive review of marine mammals strandings reported for 2023 and 2022, NMFS
reported 3,965 pinniped strandings in 2023 in the West Coast region, a 15 percent increase
over the 3,457 strandings reported in 2022 (National Marine Fisheries Service, 2025a). The vast
majority of pinniped species stranded were California sea lions and harbor seals, and
entanglement was one of the primary causes leading to strandings along with fishery
interactions, which can often be related. Warlick et al. (2018) analyzed data on 14,729 pinniped
strandings in the Pacific Northwest from 1991 to 2016 involving six species and varying age and
sex classes. A review of the cases revealed that 11 percent of stranding were linked to human
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interactions, with fisheries entanglements and gunshot wounds constituting the majority of
interactions. Harbor seals (Phoca vitulina) and California sea lions (Zalophus californianus) made
up 60 and 19 percent of total strandings, respectively; other species included Guadalupe fur
seal (Arctocephalus townsendi), northern elephant seal (Mirounga angustirostris), northern fur
seal (Callorhinus ursinus), and Steller sea lion (Eumetopias jubatus). Considering just the human
interaction cases, 72 percent of northern fur seal and over 66 percent of Guadalupe fur seal
strandings were due to fisheries interactions whereas just 20 percent or less of strandings to
the other four species were attributed to entanglement in fisheries, which is still a substantial
proportion. However, other types of human interactions, mainly gunshots, contributed to the
majority of strandings in those species (Warlick et al., 2018).

C.7.6 Ingestion Stressors
C.7.6.1 Mysticetes

Since baleen whales feed by filtering large amounts of water, they likely encounter and
consume plastic debris at higher rates than other marine animals (National Oceanic and
Atmospheric Administration Marine Debris Program, 2014b; Werth et al., 2024). Species that
feed at the surface or in the water column include blue, fin, humpback, Bryde’s, minke, and sei
whales. While humpback whales may feed by lunging through the water after krill and fish,
there are data confirming that humpback whales display bottom-feeding behaviors in areas of
high concentrations of preferred prey, the northern sand lance (Ammodytes dubius) (Hain et al.,
1995; Ware et al., 2014).

Baleen whales are believed to routinely encounter microplastics within the marine
environment based on concentrations of these items and baleen whale feeding behaviors
(Andrady, 2011; Werth et al., 2024). A body of research on ingestion of marine debris,
particularly plastics, by baleen whales has been building for over two decades (Andrady, 2011;
Laist, 1987; Werth et al., 2024). Observations of bowhead whale mouths have provided insights
into potential threats to bowhead and right whales from oral entanglement of marine debris,
including a greater probability of lethal consequences due to interference of the hydrostatic
oral seal (Lambertsen et al., 2005). In a comprehensive review of documented ingestion of
debris by marine mammals by Laist (1997), there are two species of mysticetes (bowhead and
minke whale) with records of having ingested debris items that included plastic sheeting and a
polythene bag. This effort was followed up by a comparative summary of the earlier review
with additional information and the number of mysticete species with documented records of
ingestion increased to seven species, including right whales, pygmy right whales, gray whales,
and four rorqual species (Bergmann et al., 2015). Similarly, information compiled by (Williams
et al., 2011) listed humpback whale, fin whale, minke whale as three species of mysticetes
known to have ingested debris including items the authors characterized as fishing gear,
polyethylene bag, plastic sheeting, plastic bags, rope, and general debris. Besseling et al. (2015)
documented the first occurrence of microplastics in the intestines of a humpback whale. Werth
et al. (2024) conducted experiments using the baleen of four whales (fin, humpback, minke,
and North Atlantic right) to test the capture rate of a variety of plastic debris. The study
revealed that polystyrene foam was the most easily type of plastic captured by all baleen types,
but other types of plastic debris, including fragments, fibers, and microbeads were also
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captured. The underlying risks to baleen whales are clogging, entanglement, and damage to the
baleen and its ability to function as a filter facilitating feeding.

Feeding behaviors of mysticete species suggest that potential encounters with ingestion
stressors would only occur when debris items at the water’s surface have spatial and temporal
overlap with skim feeding animals, or while whales are engulfing prey in the water column as
items sink to the bottom. Bottom-feeding humpback whales may also encounter ingestion
stressors that have already sunk.

C.7.6.2 Odontocetes

In a comprehensive review of documented ingestion of debris by marine mammals,
odontocetes had the most ingestion records, with 21 species represented (Laist, 1997). A
follow-up to this review by (Bergmann et al., 2015) revealed marine debris ingestion for
odontocetes has increased, where 40 species now have documented records of ingestion.

Beaked whales primarily feed mainly on pelagic cephalopods, but are known to use suction
feeding to forage for and ingest benthic prey and may incidentally ingest other non-food items
(MaclLeod et al., 2003; Tonay et al., 2025). Sperm whales are also known to incidentally ingest
foreign objects while foraging; however, this does not always result in negative consequences
to health or vitality (Laist, 1997; Walker & Coe, 1990). While this incidental ingestion has led to
sperm whale mortality in some cases, Whitehead (2003) suggested the scale to which this
affects sperm whale populations was not substantial. Sperm whales are recorded as having
ingested fishing net scraps, rope, wood, and plastic debris such as plastic bags and items from
the seafloor (Jacobsen et al., 2010; Unger et al., 2016; University of Hawai'i, 2023; Walker &
Coe, 1990; Whitehead, 2003).

Weaned juveniles who are investigating multiple types of prey items may be particularly
vulnerable to ingesting non-food items, as found in a study of juvenile harbor porpoises (Baird
& Hooker, 2000). Similarly, a male pygmy sperm whale reportedly died from blockage of two
stomach compartments by hard plastic, and a Blainville’s beaked whale (Mesoplodon
densirostris) washed ashore in Brazil with a ball of plastic thread in its stomach (Derraik, 2002).
In one study, all 12 animals investigated from six odontocete species in the eastern Atlantic
were found to have ingested microplastics, primarily fibers, and none larger than 5 mm
(Montoto-Martinez et al., 2021).

C.7.6.3 Pinnipeds

Pinnipeds are opportunistic foragers, primarily feeding within the water column, but may also
forage on the seafloor. Most of the seal species within the Study Area feed both within the
water column and on the seafloor(Bluhm & Grandinger, 2008). In a review of documented
ingestion of debris by marine animals, 36 percent of seal species were found to have ingested
plastics (Kuhn et al., 2015). Laist (1997) reported ingestion of Styrofoam cups by northern
elephant seals and Steller sea lions, and (Bravo Rebolledo et al., 2013) reported plastics in the
stomach contents of harbor seals. The possibility of ingested debris transfer through predator-
prey interactions has also been demonstrated by Eriksson and Burton (2003) in fur seals. As
such, the risk of indirect ingestion of debris by marine mammals is dependent on the likelihood
they are consuming contaminated prey.
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C.7.7 Secondary Stressors

This section discusses potential effects on marine mammals exposed to stressors indirectly
through effects on their habitat (sediment or water quality) or prey. For the purposes of this
analysis, indirect effects on marine mammals via sediment or water quality that do not require
trophic transfer (e.g., bioaccumulation) to be observed are considered here. The invertebrates
(Section 3.8), marine habitats (Section 3.3), and fishes (Section 3.9) analyses indicated minimal
to no effects on potential prey species of marine mammals due to bioaccumulation. It is
important to note that the terms “indirect” and “secondary” do not imply reduced severity of
environmental consequences but instead describe how the effect may occur in an organism.
Bioaccumulation is considered in the Ecosystem Technical Report for the Hawaii-Southern
California Training and Testing (HSTT) Final Environmental Impact Statement (U.S. Department
of the Navy, 2013a). While not specific to the Study Area, the information is informative and
applicable to species that occur in it.

Stressors from military readiness activities that could pose indirect effects on marine mammals
via habitat or prey include: (1) explosives, (2) explosive byproducts and unexploded munitions,
(3) metals, and (4) chemicals. Analyses of the potential effects on sediment and water quality
are discussed in Section 3.2.

C.7.7.1 Explosives

Explosives may have an effect on marine mammal prey species. In addition to the physical
effects of an underwater blast, prey might have behavioral reactions to underwater sound. For
instance, prey species might exhibit a strong startle reaction to explosions that might include
swimming to the surface or scattering away from the source. This startle and flight response is
the most common secondary defense among animals (Hanlon & Messenger, 1996; Mather,
2004). The abundances of prey species near the detonation point could be diminished for a
short period of time before being repopulated by animals from adjacent waters. Alternatively,
any prey species that would be directly injured or killed by the blast could draw in scavengers
from the surrounding waters that would feed on those organisms, and in turn could be
susceptible to becoming directly injured or killed by subsequent explosions. Any of these
scenarios would be temporary, only occurring during activities involving explosives, and no
lasting effect on prey availability or the pelagic food web would be expected.

C.7.7.2 Explosion Byproducts and Unexploded Munitions

A series of research efforts that focused on World War Il underwater munitions disposal sites in
Hawaii (Briggs et al., 2016; Edwards et al., 2016; Kelley et al., 2016; Koide et al., 2016;
University of Hawaii, 2010) and an intensively used live fire range in the Mariana Islands (Smith
& Marx, 2016) provide information regarding the effects of undetonated materials and
unexploded munitions on marine species. Section 3.1.4.1 and Section 3.1.4.2 contain a
summary of this literature which investigated water and sediment quality effects, on a localized
scale, from munitions ocean disposal sites and ocean disposed dredge spoils sites. Findings
from these studies indicate that there were no adverse effects on the local ecology from the
presence of degrading munitions and there was no bioaccumulation of munitions-related
chemicals in local marine species.

C-95

Non-Acoustic Effects Supporting Information



Northwest Training and Testing
Supplemental EIS/OEIS Draft September 2026

The island of Farallon De Medinilla (in the Mariana Islands) has been used as a target area since
1971. Between 1997 and 2012, there were 14 underwater scientific survey investigations
around the island providing long-term insight to the potential effects on the marine life from
training and testing involving the use of munitions (Smith & Marx, 2016). Munitions use has
included high-explosive rounds from gunfire, high-explosives bombs by Navy aircraft and U.S.
Air Force B-52s, in addition to the expenditure of inert rounds and non-explosive practice
bombs. Marine life assessed during these surveys included algae, corals, benthic invertebrates,
sharks, rays, bony fishes, and sea turtles. Over the 16-year period, investigators found no
evidence that the condition of biological resources has been adversely affected to a significant
degree by the training activities (Smith & Marx, 2016). Furthermore, they found that the health,
abundance, and biomass of fishes, corals, and other marine resources were comparable, or
superior to, those in similar habitats at other locations within the Mariana Archipelago.

Lotufo et al. (2017) found concentrations that exceeded the ecological screening level for at
least one explosive in nearshore waters of Ostrich Bay near Bremerton, Washington, and along
Elliott Bay near Seattle at piers formerly used by the Navy as a supply depot during World War
Il. The piers, referred to as Terminal 91, are now managed by the Port of Seattle under the
Department of Defense Military Munitions Response Program. It is likely that the small
guantities of munitions found at Terminal 91 were dropped overboard during vessel loading;
there are no records of detonations occurring at the piers. The Terminal 91 site had a sufficient
number of samples to allow for a site-wide characterization of contamination. The Ostrich Bay
site had fewer than five samples, which was insufficient to characterize the entire site. Off
Terminal 91, 1 out of 12 samples exceeded the screening level for the explosives constituent
2,4,6-trinitrophenylmethylnitramine (or “tetryl”). The data from the Terminal 91 site, and
others assessed in the study, appear to be consistent with previous reports that the spatial
distribution of munitions constituents in sediments at a given geographic site is highly variable
but generally decreases with distance from the munition, such that munitions constituents are
not detectable beyond 1-2 m from the munition (Edwards et al., 2016; Lotufo, 2018; Rosen &
Lotufo, 2010a; University of Hawaii, 2014).

C.7.7.3 Metals

Metals are introduced into seawater and sediments as a result of military readiness activities
involving targets, munitions, and other military expended materials (Environmental Sciences
Group, 2005a). Some metals bioaccumulate, and physiological effects begin to occur only after
several trophic transfers concentrate the toxic metals (Section 3.3). Evidence from a number of
studies (Briggs et al., 2016; Kelley et al., 2016; Koide et al., 2016; U.S. Department of the Navy,
2013c; University of Hawaii, 2010) indicate metal contamination is very localized and that
bioaccumulation resulting from munitions cannot be demonstrated. Specifically in sampled
marine life living on or around munitions on the seafloor, metal concentrations could not be
definitively linked to the munitions since comparison of metals in sediment next to munitions
show relatively little difference in comparison to other “clean” marine sediments used as a
control/reference (Koide et al., 2016). Research has demonstrated that some smaller marine
organisms are attracted to metal munitions as a hard substrate for colonization or as shelter
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(Kelley et al., 2016; Smith & Marx, 2016), but this is unlikely to substantively affect marine
mammal prey availability.

C.7.7.4 Chemicals

Several military readiness activities introduce chemicals into the marine environment that are
potentially harmful at higher concentrations; however, rapid dilution would occur, and toxic
concentrations are unlikely to be encountered. Introduced chemicals are principally from flares
and propellants from missiles and torpedoes. Properly functioning flares, missiles, and
torpedoes combust most of their propellants, leaving benign, or readily diluted soluble
combustion byproducts (e.g., hydrogen cyanide). Operational failures may allow propellants
and their degradation products to be released into the marine environment. Flares and missiles
that operationally fail may release perchlorate, which is highly soluble in water, persistent, and
affects metabolic processes in many plants and animals if in sufficient concentration. Such
concentrations are not likely to persist in the ocean. Research has demonstrated that
perchlorate did not bioconcentrate or bioaccumulate, which was consistent with the
expectations for a water-soluble compound (Furin et al., 2013). Perchlorate from failed
expendable items is therefore unlikely to compromise water quality to the point that it would
act as a secondary stressor to marine mammals. Further, chemicals in the marine environment
because of military readiness activities would not occur in isolation and are typically associated
with military expended materials that release the chemicals while in operation. Because marine
mammal avoidance of an expended flare, missile, or torpedo in the water is almost certain, it
would further reduce the potential for introduced chemicals to act as a secondary stressor.

C.8 Sea Turtles

As noted in the 2015 EIS/OEIS and in the 2020 SEIS/OEIS, leatherback sea turtles (Dermochelys
coriacea), a cold-water adapted species, are the only population of sea turtles expected to
occur within the Study Area. Other species of sea turtles (e.g., loggerhead sea turtle [Caretta
caretta], olive ridley sea turtle [Lepidochelys olivacea], and green sea turtle [Chelonia mydas])
are considered tropical, subtropical, and warm temperate species and rarely stray into cold
waters. If these species were found in the Study Area they would be likely become cold stressed
in the environment to the point of stranding or death and therefore are not carried forward for
analysis. The analysis focuses on potential effects on the Western Pacific population of the
leatherback sea in open waters, and six primary stressor groups potentially affecting sea turtles:
acoustic stressors, explosive stressors, energy stressors, physical disturbance and strike
stressors, entanglement stressors, and ingestion stressors.

C.8.1 Acoustic Stressors

Background information supporting the analysis of acoustic stressors is presented in the
Scientific Background for Assessing Acoustic and Explosive Effects on Fishes, Marine Mammals,
and Reptiles Technical Report (U.S. Department of the Navy, 2026b) .
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C.8.2 Explosive Stressors

Background information supporting the analysis of explosive stressors is presented in the
Scientific Background for Assessing Acoustic and Explosive Effects on Fishes, Marine Mammals,
and Reptiles Technical Report (U.S. Department of the Navy, 2026b) .

C.8.3 Energy Stressors
C.8.3.1 Effects from High-Energy Lasers

High-energy laser weapons testing involves the use of up to 30 kilowatts of directed energy as a
weapon against small surface vessels and airborne targets. These weapons systems are
deployed from a surface ship or aircraft platform to create small but critical failures in potential
targets and are used at short ranges from the target.

Leatherback sea turtles could be exposed to a laser only if the beam missed the target. Should
the laser strike the sea surface, individual sea turtles at or near the surface could be exposed.
The potential for exposure to a high-energy laser beam decreases as the water depth increases.
However, high-energy lasers automatically cease transmitting laser light if target lock is lost,
eliminating any reasonably foreseeable potential for a sea turtle to be adversely affected by the
laser.

C.8.4 Physical Disturbance and Strike Stressors
C.8.4.1 Effects from Vessels and In-Water Devices

Previous analyses conducted by the Navy and NMFS of the potential effects of physical
disturbance and strike stressors on sea turtles have repeatedly concluded that effects are not
likely to adversely affect ESA-listed sea turtles because any effects would be insignificant or
discountable. The stressors analyzed included potential effects from the use of vessels and in-
water devices, military expended materials, and seafloor devices.

In-water devices are only proposed for use within the Inland Waters. Seafloor devices, although
they may be used in the open ocean portion of the Study Area and therefore overlap with
potential occurrence of Western Pacific populations of leatherback sea turtles and designated
critical habitat, would not have any overlap within the water column with leatherbacks because
there would be no benthic foraging on the seafloor.

Accordingly, the Navy and USCG are only carrying forward potential strike effects of vessels and
MEM within the open ocean portion of the Study Area.

Vessels and In-water Devices

Vessel use in the Study Area does not equate with the types of focused, frequent, and
numerous vessels present or transiting a given area that studies have found constitute acute
and chronic disturbance to sea turtles. Refer to the Appendix C (Acoustic and Non-Acoustic
Effects Supporting Information) of the 2026 SEIS/OEIS for a summary, including a literature
review, on sea turtle responses to physical disturbance from vessels.

In the Study Area, the existing marine environment is dominated by non-Navy and non-USCG
vessel traffic given the Navy has in total, the following homeported operational vessels: 2
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aircraft carriers, 5 destroyers, 13 submarines, and 22 smaller security vessels. Activities
involving vessel movement would be widely dispersed within the Study Area.

Vessel movements use would occur within designated critical habitat for the leatherback sea
turtle. The single PCE essential for the conservation of leatherbacks in the marine waters of the
U.S. West Coast is the occurrence of prey species in sufficient numbers and quality to sustain
leatherback foraging activities. While some of the leatherback sea turtle’s preferred prey may
be impacted by vessels during training activities, effects are expected to be minor and
temporary with no overall impacts on prey availability and will have no impact on the overall
prey density in designated leatherback sea turtle critical habitat. Therefore, there would be no
measurable impacts on critical habitat resulting from vessel or in-water device use in the Study
Area.

There are no records of any military vessel strikes to sea turtles in the Action Area during
training or testing activities. In areas outside the Study Area (e.g., Hawaii and Southern
California), there have been recorded military vessel strikes of sea turtles. However, these are
areas where the number of military vessels is much higher and training and testing activities
occur more often than in the Study Area.

C.8.4.2 Effects from Military Expended Materials

The primary concern is the potential for a sea turtle to be hit with military expended material at
or near the water’s surface, which could result in injury or death. While disturbance or strike
from an item falling through the water column is possible, it is not very likely because the
objects generally sink slowly through the water and can be avoided by most sea turtles. Adult
leatherback sea turtles are generally at the surface for short periods, and spend most of their
time submerged. The leatherback sea turtle is more likely to be foraging at or near the surface
in the open ocean than other species, but the likelihood of being struck by a projectile remains
very low because of the wide spatial distribution of leatherbacks relative to the point location
of an activity. Furthermore, projectiles are aimed at targets, which will absorb the impact of the
projectile. Therefore, the discussion of military expended material strikes focuses on the
potential of a strike at the surface of the water.

While no strike from military expended materials has ever been reported, the possibility of a
strike is still reasonably foreseeable. Therefore, the potential for sea turtles to be struck by
military expended materials was evaluated using statistical probability modeling to estimate
potential direct strike exposures to a sea turtle under a worst-case scenario. Specific details of
the modeling approach, including model selection and calculation methods, are presented in
Appendix F (Military Expended Materials, Direct Strike, and Vessel Strike Supporting
Information).

C.8.5 Entanglement Stressors

This analysis includes the potential effects from three types of military expended materials:
(1) wires and cables, (2) decelerators/parachutes, and (3) biodegradable polymers. These
materials, if encountered, may have the potential to entangle sea turtles in the Study Area at
the surface and in the water column.
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Reports indicate that active and derelict fishing gear is the predominant cause of entanglement
for sea turtles species groups (National Marine Fisheries Service, 2025a). The reason for this,
and the ways that fishing gear may be different from military expended materials, is because
fishing gear is designed to trap/entangle marine life and are made with a high breaking strength
to withstand prolonged use in the ocean environment; military expended materials are not
designed to persist in the ocean environment for long periods of time and are not designed to
entangle or capture marine life. Further, fishing gear and ropes are designed to float or be
suspended in the water column for long periods of time, whereas most military expended
materials sink immediately and rapidly.

Similar to fiber optic cables discussed above, guidance wires may pose an entanglement threat
to sea turtles in the water column. At the depths where these cables would be deposited,
entanglement risk on the seafloor is not a risk to leatherback sea turtles or other sea turtle
species that may be in the area. The Navy and USCG previously analyzed the potential for
entanglement of sea turtles by guidance wires and concluded that the potential for
entanglement is low (U.S. Department of the Navy, 1996). These conclusions have also been
carried forward in NMFS analyses of training and testing activities (National Marine Fisheries
Service, 2013).

Based on the numbers and geographic locations of their use, wires and cables used during
military readiness activities are analyzed for their potential to entangle sea turtles. Any species
of sea turtle that occurs in the Study Area could at some time encounter expended cables or
wires. The leatherback is more likely to co-occur with these activities, given its preference for
open-ocean habitats. Under Alternative 1, exposure to cables and wires used in training
activities may cause short-term or long-term disturbance to an individual turtle because if a sea
turtle were to become entangled in a cable or wire, it could free itself, or the entanglement
could lead to injury or death. Potential effects of exposure to cable or wire may result in
changes to an individual’s behavior, growth, survival, annual reproductive success, lifetime
reproductive success (fitness), or species recruitment. However, wires and cables are generally
not expected to cause disturbance to sea turtles because (1) sea turtles would only be exposed
to potential entanglement risk as the wire or cable sinks through the water column; (2) due to
their behavior, sea turtles are unlikely to become entangled in an object that is resting on the
seafloor, and (3) there is a low concentration of expended wires and cables in the Study Area.
Therefore, it is unlikely that an individual sea turtle would be near a sinking wire or cable, and if
so, would unlikely become entangled. Potential effects of exposure to cables and wires are not
expected to result in population-level effects.

Training and testing activities that introduce decelerators/parachutes into the water column
can occur within Study Area and may pose an entanglement risk to sea turtles. Potential effects
from decelerators/parachutes as ingestion stressors to sea turtles are discussed in detail in
Section 3.5.2.6.1 of the 2020 SEIS/OEIS.

Decelerators/parachutes used during the proposed activities range in size from 18 in. up to 19—
82 ft. in diameter. Most expended decelerators/parachutes are small (18 in.), cruciform shaped,
and used with sonobuoys. lllumination flares use large decelerators/parachutes, up to 19 ft. in
diameter. Drones use a larger decelerator/parachute system, ranging from 30 ft. to 82 ft. in
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diameter. Decelerators/parachutes have short attachment cords and upon impact with water
may remain at the surface for 5-15 seconds before sinking to the seafloor, where they flatten.
Sonobuoy decelerators/parachutes are designed to sink within 15 minutes, but the rate of
sinking depends upon sea conditions and the shape of the decelerator/parachute, and the
duration of the descent would depend on the water depth. Unlike the small- and medium-sized
decelerators/parachutes, drone decelerators/parachutes do not have weights attached and
may remain at the surface or suspended in the water column for some time prior to eventual
settlement on the seafloor.

While in the water column or at the surface, a sea turtle is less likely to become entangled
because the decelerator/parachute would have to land directly on the turtle, or the turtle
would have to swim into the decelerator/parachute before it sank. Prior to reaching the
seafloor, it could be carried along in a current or snagged on a hard structure near the bottom.
Conversely, it could settle to the bottom, where it would be buried by sediment in most soft-
bottom areas or colonized by attaching and encrusting organisms, which would further stabilize
the material and reduce the potential for reintroduction as an entanglement risk.
Decelerators/parachutes, particularly attached lines, are an entanglement risk for sea turtles
while suspended in the water column or floating at the surface. A sea turtle would have to
surface to breathe or grab prey from under the decelerator/parachute and swim into the
decelerator/parachute or its lines to potentially become entangled. While smaller sonobuoy
decelerator parachutes are weighted and designed to sink rapidly through the water column
after deployment to the seafloor, larger drone decelerator/parachutes are not weighted and
are intended to float at the surface to allow aircrews to recover the parachute.

Once unrecovered decelerator/parachutes sink to the seafloor, they can be transported by
bottom currents, if present in that area, and the canopy may billow and pose an entanglement
risk to sea turtles that feed or rest in benthic habitats (i.e., green and hawksbill sea turtles).
Bottom-feeding sea turtles tend to forage in nearshore areas rather than offshore, where these
decelerators/parachutes are used; therefore, sea turtles are not likely to encounter
decelerators/parachutes once they reach the seafloor. The potential for a sea turtle to
encounter an expended decelerator/parachute at the surface or in the water column is
extremely low, and is even less probable at the seafloor, given the general improbability of a
sea turtle being near the deployed decelerator/parachute, as well as the general behavior of
sea turtles. Depending on how quickly the decelerator/parachute may degrade, the risk may
increase with time if the decelerator/parachute remains intact or if underwater currents delay
settling of the decelerator/parachute on the seafloor (where they would likely be covered by
sediment and encrusted). Factors that may influence degradation times include exposure to
ultraviolet radiation and the extent of physical damage of the decelerator/parachute on the
water’s surface, as well as water temperature and sinking depth. It should be noted there are
no reported instances of sea turtle entanglement with a decelerator/parachute assembly.

Based on the numbers and geographic locations of their use, decelerators/parachutes used in
military readiness activities pose a risk of entanglement for leatherback sea turtles. Leatherback
sea turtles occurring in the Study Area could at some time encounter expended
decelerator/parachute. The sink rates of a decelerator/parachute assembly would rule out the
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possibility of these drifting great distances into nearshore and coastal areas where green,
hawksbill, olive ridley, and loggerhead sea turtles are more likely to occur and feed on the
bottom. The leatherback is more likely to co-occur with these activities, given its preference for
open-ocean habitats, but this species is known to forage for jellyfish at or near the surface.
Exposure to decelerators/parachutes used in training activities may cause short-term or long-
term disturbance to an individual turtle, because if a sea turtle were to become entangled in a
decelerator/parachute, it could free itself (or become unentangled), or the entanglement could
lead to injury or death. Potential effects of exposure to decelerator/parachute may result in
changes to an individual’s behavior, growth, survival, annual reproductive success, lifetime
reproductive success (fitness), or species recruitment. However, decelerators are generally not
expected to cause disturbance to sea turtles because the decelerator/parachute would have to
land directly on an animal, or an animal would have to swim into it before it sinks.
Decelerators/parachutes have small footprints which further reduce the potential for
entanglement. It is possible, however, that a benthic feeding sea turtle could become entangled
when foraging in areas where decelerators/parachutes have settled on the seafloor. For
example, if bottom currents are present, the canopy may temporarily billow and pose a greater
entanglement threat.

C.8.6 Ingestion Stressors

The potential effect from ingesting MEM is dependent upon the probability of the animal
encountering these items in their environment, which is primarily contingent on where the
items are expended and how a sea turtle feeds. Sea turtles commonly mistake debris for prey,
and ingesting debris, particularly items made from non-digestible materials like plastics, can
lead to injury or mortality. The risk is prolific throughout sea turtle habitats, and ingestion of
expended materials by sea turtles could occur in all large marine ecosystems and open ocean
areas and can occur at the surface, in the water column, or at the seafloor, depending on the
size and buoyancy of the expended object and the feeding behavior of the turtle. The variety of
items eaten by juvenile and hatchling sea turtles of all species and adult leatherbacks that feed
are prone to ingesting non-prey items (Fujiwara & Caswell, 2001; Hardesty & Wilcox, 2017;
Mitchelmore et al., 2017; Schuyler et al., 2014; Schuyler et al., 2016).

The consequences of ingestion could range from temporary and inconsequential to long-term
physical stress or even death. Ingestion of these items may not be directly lethal; however,
ingestion of plastic and other fragments can restrict food intake and have sublethal effects
caused by reduced nutrient intake (McCauley & Bjorndal, 1999). Poor nutrient intake can lead
to decreased growth rates, depleted energy, reduced reproduction, and decreased
survivorship. These long-term sublethal effects may lead to population-level effects, but this is
difficult to assess because the affected individuals remain at sea and the trends may only arise
after several generations have passed. Schuyler et al. (2014) determined that most sea turtles,
at some point, ingest some amount of debris.

Effects of Military Expended Materials—Munitions

Many different types of explosive and non-explosive practice munitions are expended at sea
during training and testing activities. Types of non-explosive practice munitions generally
include projectiles, missiles, and bombs. Of these, only small- or medium-caliber projectiles
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would be small enough for a sea turtle to ingest. Small- and medium-caliber projectiles include
all sizes up to and including 2.25 in. (57 mm) in diameter. These solid metal materials would
quickly move through the water column and settle to the seafloor. Ingestion of non-explosive
practice munitions is not expected to occur in the water column because the munitions sink
quickly. Accordingly, these less buoyant items are not analyzed in detail because they do not
pose a risk to leatherback sea turtles.

Military Expended Materials Other Than Munitions

Target-related material, chaff, flares, and decelerators/parachutes (and their subcomponents)
have the potential to be ingested by a sea turtle, although that is considered unlikely since most
of these materials would quickly drop through the water column, settle on the seafloor, or
rapidly decay, and not present an ingestion hazard. Some Styrofoam, plastic endcaps, chaff, and
other small items may float for some time before sinking.

While the smaller items discussed here may pose a hazard to sea turtles, as discussed for non-
explosive practice munitions ingestion, the effects of ingesting these forms of expended
materials on sea turtles would be minor because of the following factors:

e the limited geographic area where materials other than munitions are expended during
a given event

e the limited period of time these military expended materials would remain in the water
column

¢ the unlikely chance that a sea turtle might encounter and swallow these items on the
seafloor, particularly given that many of these items would be expended over deep,
offshore waters

The effects of ingesting military expended materials other than munitions would be limited to
cases where an individual sea turtle might eat an indigestible item too large to be passed
through the gut. The sea turtle would not be preferentially attracted to these military expended
materials, with the possible exception of decelerators/parachutes that may appear similar to
the prey of some sea turtle species and life stages that feed on jellyfish and similar organisms.
For the most part, these military expended materials would most likely only be incidentally
ingested by individuals feeding on the bottom in the precise location where these items were
deposited. Non-munition military expended materials that would remain floating on the surface
are too small to pose a risk of intestinal blockage to any sea turtle that happened to encounter
it. Because leatherbacks and juveniles of some species (e.g., green sea turtles) are more likely
to feed at or near the surface, they are more likely to encounter materials at the surface than
other species of turtles that primarily feed along the seafloor. Furthermore, leatherbacks
typically feed in the open ocean, while other species are more likely to feed in nearshore areas.
Though they are bottom-feeding species that generally feed nearshore, green, hawksbill, olive
ridley, and loggerhead sea turtles may occur in the open ocean during migrations, as well as
hatchling and juvenile stage turtles.

Sublethal effects due to ingestion of military expended materials other than munitions used in
training activities may cause short-term or long-term disturbance to an individual turtle
because (1) if a sea turtle were to incidentally ingest and swallow a decelerator/parachute,
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target fragment, chaff or flare component, it could potentially disrupt its feeding behavior or
digestive processes; and (2) if the item is particularly large in proportion to the turtle ingesting
it, the item could become permanently encapsulated by the stomach lining, with a rare chance
that this could impede the turtle’s ability to feed or take in nutrients. Potential effects of
exposure to these items may result in changes to an individual’s behavior, growth, survival,
annual reproductive success, lifetime reproductive success (fitness), or species recruitment.
However, decelerators/parachutes, target fragments, chaff, and flare components used in
training activities are generally not expected to cause disturbance to sea turtles because
leatherbacks are likely to forage further offshore than within range complexes. Potential effects
of exposure to military expended materials other than munitions are not expected to result in
population-level effects.

Target-Related Materials

At-sea targets are usually remotely operated airborne, surface, or subsurface traveling units,
most of which are designed to be recovered for reuse. If they are severely damaged or
displaced, targets may sink before they can be retrieved. Expendable targets include air-
launched decoys, marine markers (smoke floats), cardboard boxes, and 10 ft. diameter red
balloons tethered by a sea anchor. Most target fragments would sink quickly in the sea. Floating
material, such as Styrofoam, may be lost from target boats and remain at the surface for some
time, however during target recovery, personnel would collect as much floating debris and
Styrofoam as possible Sea turtles would be exposed to potential ingestion risk of target-related
materials where these items are expended in offshore waters.

Chaff

Chaff is an electronic countermeasure designed to reflect radar waves and obscure aircraft,
vessels, and other equipment from radar tracking sources. Chaff is composed of an aluminum
alloy coating on glass fibers of silicon dioxide (U.S. Air Force, 1997). It is released or dispensed in
cartridges or projectiles that contain millions of chaff fibers. When deployed, a diffuse cloud of
fibers undetectable to the human eye is formed. Chaff is a very light material that can remain
suspended in air anywhere from 10 minutes to 10 hours and can travel considerable distances
from its release point, depending on prevailing atmospheric conditions (Arfsten et al., 2002;
U.S. Air Force, 1997). Doppler radar has tracked chaff plumes containing approximately 900
grams (g) of chaff drifting 200 mi. from the point of release, with the plume covering greater
than 400 cubic miles (1,667 cubic kilometers) (Arfsten et al., 2002).

The chaff concentrations that sea turtles could be exposed to following release of multiple
cartridges (e.g., following a single day of training) are difficult to accurately estimate because it
depends on several unknown factors. First, specific release points are not recorded and tend to
be random, and chaff dispersion in air depends on prevailing atmospheric conditions. After
falling from the air, chaff fibers would be expected to float on the sea surface for some period,
depending on wave and wind action. The fibers would be dispersed further by sea currents as
they float and slowly sink toward the bottom. Chaff concentrations in benthic habitats
following release of a single cartridge would be lower than the values noted in this section,
based on dispersion by currents and the enormous dilution capacity of the receiving waters.
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Several literature reviews and controlled experiments have indicated that chaff poses little risk,
except at concentrations substantially higher than those that could reasonably occur from
military training (Arfsten et al., 2002; Spargo, 1999; U.S. Air Force, 1997). Nonetheless, some
sea turtle species within the Study Area could be exposed to chaff through direct body contact
and ingestion. Chemical alteration of water and sediment from decomposing chaff fibers is not
expected to result in exposure. Based on the dispersion characteristics of chaff, it is likely that
sea turtles would occasionally come in direct contact with chaff fibers while at the water’s
surface and while submerged, but such contact would be inconsequential. Chaff is similar to
fine human hair (U.S. Air Force, 1997). Because of the flexibility and softness of chaff, external
contact would not be expected to affect most wildlife (U.S. Air Force, 1997), and the fibers
would quickly wash off shortly after contact. Given the properties of chaff, skin irritation is not
expected to be a problem (U.S. Air Force, 1997). Arfsten et al. (2002); Spargo (1999); U.S. Air
Force (1997) reviewed the potential effects of chaff inhalation on humans, livestock, and
animals and concluded that the fibers are too large to be inhaled into the lung. The fibers are
predicted to be deposited in the nose, mouth, or trachea and are either swallowed or expelled;
however, these reviews did not specifically consider sea turtles.

Although chaff fibers are too small for sea turtles to confuse with prey and forage, there is
some potential for chaff to be incidentally ingested along with other prey items, particularly if
the chaff attaches to other floating marine debris. If ingested, chaff is not expected to affect sea
turtles due to the low concentration that would be ingested and the small size of the fibers.
While no similar studies to those discussed in Section 3.0 on the effects of chaff have been
conducted on sea turtles, they are also not likely to be affected by incidental ingestion of chaff
fibers.

Flares

Flares are designed to burn completely. The only material that would enter the water would be
a small, round, plastic compression pad or piston (0.45—4.1 g depending on flare type). The flare
pads and pistons float in sea water.

An extensive literature review and controlled experiments conducted by the United States Air
Force demonstrated that self-protection flare use poses little risk to the environment or
animals (U.S. Air Force, 1997). For sea turtles, these types of flares are large enough to not be
considered an ingestion hazard. Nonetheless, sea turtles within the vicinity of flares could be
exposed to light generated by the flares. It is unlikely that sea turtles would be exposed to any
chemicals that produce either flames or smoke since these components are consumed in their
entirety during the burning process. Animals are unlikely to approach or get close enough to
the flame to be exposed to any chemical components.

Decelerators/Parachutes

Decelerators/parachutes are classified into four different categories based on size: small,
medium, large, and extra-large. The majority of expended decelerators/parachutes are in the
small category. Decelerators/parachutes in the three remaining size categories (medium — up to
19 ft. in diameter, large — between 30 and 50 ft. in diameter, and extra-large — up to 80 ft.in
diameter) are likely too big to be mistaken for prey items and ingested by a sea turtle. The
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majority of decelerators/parachutes are weighted and by design must sink below the surface
within five minutes of contact with the water (Environmental Sciences Group, 2005b).

Leatherback sea turtles in the open ocean prey on soft-bodied marine invertebrates that may
resemble small parachutes. Ingestion of a decelerator/parachute by a sea turtle at the surface
or within the water column would be unlikely, however, since the decelerator/parachute would
not be available for very long before it sinks.

C.8.7 Secondary Stressors

This section discusses potential effects on sea turtles exposed to stressors indirectly through
effects on habitat and prey availability.

Explosives

Military readiness activities involve the use of underwater explosives, which create localized
pressure waves and acoustic disturbances. These detonations, however, do not pose a
significant threat to the foraging resources of leatherback sea turtles. Because leatherbacks
specialize in consuming soft-bodied prey such as jellyfish and salps—organisms that lack gas-
filled anatomical cavities (e.g., swim bladders) and are therefore largely resilient to acoustic
barotrauma—these invertebrates avoid the severe blast injuries commonly seen in other
marine taxa (Solé et al., 2023c). Accordingly, the use of explosives would not affect the
population of soft-bodied prey items for leatherback sea turtles.

Explosion Byproducts and Unexploded Munitions

High-order explosions consume most of the explosive material, creating typical combustion
products. In the case of Royal Demolition Explosive, also known as cyclonite and hexogen, 98
percent of the byproducts are common seawater constituents, and the remainder is rapidly
diluted below threshold effect level. Most explosions would likely occur where leatherback sea
turtles would overlap ( greater than 200 ft. in depth, and greater than 3 NM from shore),
although mine warfare, demolition, and some testing detonations would occur in shallow water
close to shore.

Degradation products of Royal Demolition Explosive are not toxic to marine organisms at
realistic exposure levels (Rosen & Lotufo, 2010b). Relatively low solubility of most explosives
and their degradation products means that concentrations of these contaminants in the marine
environment are relatively low and readily diluted. Accordingly, use of explosions and the
anticipated byproducts would not meaningfully affect prey availability or affect pelagic habitats
for leatherback sea turtles.

Metals

Although metals are introduced into seawater and sediments from military training and testing
materials, evidence indicates this contamination remains highly localized, with studies failing to
definitively link metal concentrations in surrounding marine life to bioaccumulation from
munitions (Briggs et al., 2016; Environmental Sciences Group, 2005b; Kelley et al., 2016; Koide
et al., 2016). While sunken munitions can act as hard substrates that attract benthic organisms
(Kelley et al., 2016; Smith & Marx, 2016), this localized seafloor alteration is ecologically
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irrelevant to leatherback sea turtles (Dermochelys coriacea). Because leatherbacks are obligate
pelagic foragers that specialize in consuming gelatinous zooplankton—such as jellyfish and
ctenophores—in the water column rather than foraging on the seafloor (Heaslip, 2012), they do
not interact with these benthic communities. Consequently, the localized deposition of metals
from testing activities would neither substantively alter the availability of their pelagic prey nor
expose leatherback populations to heavy metal bioaccumulation through trophic transfer.

Chemicals

Several training and testing activities introduce chemicals into the marine environment that are
potentially harmful in higher concentrations; however, rapid dilution would occur, and toxic
concentrations are unlikely to be encountered. Chemicals introduced are principally from flares
and propellants for missiles and torpedoes. Properly functioning flares, missiles, and torpedoes
combust most of their propellants, leaving benign or readily diluted soluble combustion
byproducts (e.g., hydrogen cyanide). Operational failures may allow propellants and their
degradation products to be released into the marine environment. Flares and missile that
operationally fail may release perchlorate, which is highly soluble in water, persistent, and
affects metabolic processes in many plants and animals if in sufficient concentration. Such
concentrations are not likely to persist in the ocean. Research has demonstrated that
perchlorate did not bioconcentrate or bioaccumulate, which was consistent with the
expectations for a water-soluble compound (Furin et al., 2013). Perchlorate from failed
expendable items is therefore unlikely to compromise water quality to that point that it would
act as a secondary stressor to sea turtles. It should also be noted that chemicals in the marine
environment as a result of training and testing activities would not occur in isolation and are
typically associated with military expended materials that release the chemicals while in
operation. Because sea turtles would likely avoid expended flares, missiles, or torpedoes in the
water (because of other cues such as visual and noise disturbance), avoidance would further
reduce the potential for introduced chemicals to act as a secondary stressor.

C.9 Birds
C.9.1 Acoustic Stressors
C.9.1.1 Background

The sections below include a survey and synthesis of best-available-science published in peer-
reviewed journals, technical reports, and other scientific sources pertinent to effects on birds
potentially resulting from sound-producing training and testing activities. Effects on birds
depend on the sound source and context of exposure. Possible effects include auditory or non-
auditory trauma, hearing loss resulting in temporary or permanent hearing threshold shift,
auditory masking, physiological stress, or changes in behavior, including changing habitat use
and activity patterns, increasing stress response, decreasing immune response, reducing
reproductive success, increasing predation risk, and degrading communication (Larkin et al.,
1996). Numerous studies have documented that birds and other wild animals respond to
human-made noise (Bowles et al., 1994; Larkin et al., 1996; National Park Service, 1994). The
manner in which birds respond to noise could depend on species physiology life stage,
characteristics of the noise source, loudness, onset rate, distance from the noise source,
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presence/absence of associated visual stimuli, and previous exposure. Noise may cause
physiological or behavioral responses that reduce the animals’ fitness or ability to grow,
survive, and reproduce successfully.

The types of birds exposed to sound-producing activities depend on where training and testing
activities occur. Birds in the study area can be divided into three groups based on breeding and
foraging habitat: (1) those species such as albatrosses, petrels, frigatebirds, tropicbirds,
boobies, alcids, and some terns that forage over the ocean and nest on oceanic islands;

(2) species such as pelicans, cormorants, gulls, and some terns that nest along the coast and
forage in nearshore areas; and (3) those few species such as skuas, jaegers, Franklin’s gull,
Bonaparte’s gulls, ring-billed gulls, black terns, and ducks and loons that nest and forage in
inland habitats and come to the coastal areas during nonbreeding seasons. In addition, birds
that are typically found inland, such as songbirds, may be present flying in large numbers over
open ocean areas during annual spring and fall migration periods.

Birds could be exposed to sounds from a variety of sources. While above the water surface,
birds may be exposed to airborne sources such as weapons noise, vessel noise, and aircraft
noise. While foraging and diving, birds may be exposed to underwater sources such as sonar,
air guns, and vessel noise. While foraging birds will be present near the water surface,
migrating birds may fly at various altitudes. Some species such as sea ducks and loons may be
commonly seen flying just above the water's surface, but the same species can also be spotted
flying high enough (5,800 ft.) that they are barely visible through binoculars (Lincoln et al.,
1998). While there is considerable variation, the favored altitude for most small birds appears
to be between 500 ft. (152 m) and 1,000 ft. (305 m). Radar studies have demonstrated that 95
percent of the migratory movements occur at less than 10,000 ft. (3,050 m), with the bulk of
the movements occurring under 3,000 ft. (914 m) (Lincoln et al., 1998).

Seabirds use a variety of foraging behaviors that could expose them to underwater sound. Most
seabirds plunge-dive from the air into the water or perform aerial dipping (the act of taking
food from the water surface in flight); others surface-dip (swimming and then dipping to pick
up items below the surface) or jump-plunge (swimming, then jumping upward and diving
underwater). Birds that feed at the surface by surface or aerial dipping with limited to no
underwater exposure include petrels, jaegers, and phalaropes. Birds that plunge-dive are
typically submerged for short durations, and any exposure to underwater sound would be very
brief. Birds that plunge-dive include albatrosses, some tern species, masked boobies, gannets,
shearwaters, and tropicbirds. Some birds, such as cormorants, seaducks, alcids, and loons
pursue prey under the surface, swimming deeper and staying underwater longer than other
plunge-divers. Some of these birds may stay underwater for up to several minutes and reach
depths between 50 ft. (15 m) and 550 ft. (168 m) (Alderfer, 2003; Durant et al., 2003; Jones,
2001; Lin, 2002; Ronconi, 2001). Birds that forage near the surface would be exposed to
underwater sound for shorter periods of time than those that forage below the surface.
Exposures of birds that forage below the surface may be reduced by destructive interference of
reflected sound waves near the water surface (see the Acoustic and Explosives Concepts
Technical Report (U.S. Department of the Navy, 2026b).
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Sounds generated underwater during training and testing would be more likely to affect birds
that pursue prey under the surface.

In general, diving birds may not hear as well underwater, compared to other (non-avian)
species, based on adaptations to protect their ears from pressure changes (Dooling & Therrien,
2012). Anatomical evidence suggests that deep-diving and pursuit-diving birds possess
adaptations to protect the ear from pressure changes during diving; while some of these
adaptations may reduce hearing sensitivity, others may enhance underwater hearing
(Hetherington, 2008; Zeyl et al., 2022).

Although important to seabirds in air, it is unknown if diving seabirds use hearing or
vocalizations underwater for foraging, communication, predator avoidance, or navigation
(Crowell, 2016; Dooling & Therrien, 2012). Some scientists suggest that birds must rely on vision
rather than hearing while underwater (Hetherington, 2008), while others suggest birds must
rely on an alternative sense in order to coordinate cooperative foraging and foraging in low
light conditions (e.g., night, depth) (Dooling & Therrien, 2012).

Smith et al. (2023) did collected underwater hearing measurements in several seabird species.
The great cormorant’s most sensitive hearing is from 1 to 2 kHz with a behavioral hearing
threshold of 71 dB re 1 puPa at 2 kHz (Hansen et al., 2017), and an auditory evoked potential
threshold of 84 dB (re 1 pPa) at 1 kHz (Larsen et al., 2020). The long-tailed duck is estimated to
hear best from 2 to 3 kHz with thresholds as low as approximately 100 dB re 1 pPa (McGrew et
al., 2022). The surf scoter (Melanitta perspicillata) is most sensitive at 1 kHz with a hearing
threshold of approximately 105 dB, and a common eider (Somateria mollissima) showed a
range of best hearing sensitivity from 1 to 3 kHz with similar thresholds (McGrew et al., 2022).
These studies also show lower behavioral thresholds than auditory evoked potential thresholds.
If the assumption is for the great cormorant to serve as a surrogate species for other diving
seabirds, these seabirds likely have a predicted to have mean underwater threshold around

62 dBre 1 pPa at 2 kHz.

C.9.1.1.1 Injury

Auditory structures can be susceptible to direct mechanical injury due to high levels of
impulsive sound. This could include tympanic membrane rupture, disarticulation of the middle
ear ossicles, and trauma to the inner ear structures such as hair cells within the organ of Corti.
Auditory trauma differs from auditory fatigue in that the latter involves the overstimulation of
the auditory system, rather than direct mechanical damage, which may result in hearing loss.
There are no data on damage to the middle ear structures of birds due to acoustic exposures.
Because birds are known to regenerate auditory hair cells, studies have been conducted to
purposely expose birds to very high sound exposure levels (SELs) in order to induce hair cell
damage in the inner ear. Because damage can co-occur with fatiguing exposures at high SELs,
effects to hair cells are discussed in Section C.9.1.1.2 (Hearing Loss).

Because there is no data on non-auditory injury to birds from intense non-explosive sound
sources, it may be useful to consider information for other similar-sized vertebrates. The rapid
large pressure changes near non-explosive impulsive underwater sound sources, such as some
large air guns are thought to be potentially injurious to other small animals (fishes and sea
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turtles). While long-duration exposures (i.e., minutes to hours) to high sound levels of sonars
are thought to be injurious to fishes, this has not been experimentally observed [see Popper et
al. (2014)]. Potential for injury is generally attributed to compression and expansion of body gas
cavities, either due to rapid onset of pressure changes or resonance (enhanced oscillation of a
cavity at its natural frequency). Because water is considered incompressible and animal tissue is
generally of similar density as water, animals would be more susceptible to injury from a high-
amplitude sound source in water than in air since waves would pass directly through the body
rather than being reflected. Proximal exposures to high-amplitude non-impulsive sounds
underwater could be limited by a bird’s surfacing response.

In air, the risk of barotrauma would be associated with high-amplitude impulses, such as from
explosives (discussed in Section 3.6.2.1.2). Unlike in water, most acoustic energy will reflect off
the surface of an animal’s body in air. Plus, air is compressible whereas water is not, allowing
energy to dissipate more rapidly. For these reasons, in-air non-explosive sound sources in this
analysis are considered to pose little risk of non-auditory injury.

C.9.1.1.2 Hearing Loss

Exposure to intense sound may result in hearing loss which persists after cessation of the noise
exposure. Hearing loss may be temporary or permanent, depending on factors such as the
exposure frequency, received SPL, temporal pattern, and duration. Hearing loss could impair a
bird’s ability to hear biologically important sounds within the affected frequency range.
Biologically important sounds come from social groups, potential mates, offspring, or parents;
environmental sounds; prey; or predators.

Because in-air measures of hearing loss and recovery in birds due to an acoustic exposure are
limited [e.g., quail, budgerigars, canaries, and zebra finches (Ryals et al., 1999); budgerigar
(Hashino et al., 1988); parakeet (Saunders & Dooling, 1974); quail (Niemiec et al., 1994)],
auditory threshold shift in birds is considered to be consistent with general knowledge about
noise-induced hearing loss described in the Conceptual Framework for Assessing Effects from
Acoustic and Explosive Activities (see Section C.1.1). In addition, recent studies by McGrew et
al. (2022) suggest seabirds in general likely have a predicted to have mean underwater
threshold around 62 dB re 1 uPa at 2 kHz. The frequencies affected by hearing loss would vary
depending on the exposure frequency. The limited data on hearing loss in birds shows that the
frequency of exposure is the hearing frequency most likely to be affected (Saunders & Dooling,
1974).

Hearing loss can be due to biochemical (fatiguing) processes or tissue damage. Tissue damage
can include damage to the auditory hair cells and their underlying support cells. Hair cell
damage has been observed in birds exposed to long duration sounds that resulted in initial
threshold shifts greater than 40 dB (Niemiec et al., 1994; Ryals et al., 1999). Unlike many other
animals, birds have the ability to regenerate hair cells in the ear, usually resulting in
considerable anatomical, physiological, and behavioral recovery within several weeks (Rubel et
al., 2013; Ryals et al., 1999). Still, intense exposures are not always fully recoverable, even over
periods up to a year after exposure, and damage and subsequent recovery vary significantly by
species (Ryals et al., 1999). Birds may be able to protect themselves against damage from
sustained sound exposures by reducing middle ear pressure, an ability that may protect ears
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while in flight (Ryals et al., 1999) and from injury due to pressure changes during diving (Dooling
& Therrien, 2012).

Hearing loss is typically quantified in terms of threshold shift—the amount (in dB) that hearing
thresholds at one or more specified frequencies are elevated, compared to their pre-exposure
values, at some specific time after the noise exposure. The amount of threshold shift measured
usually decreases with increasing recovery time — the amount of time that has elapsed since a
noise exposure. If the threshold shift eventually returns to zero (i.e., the hearing threshold
returns to the pre-exposure value), the threshold shift is called a TTS. If the threshold shift does
not completely recover (the threshold remains elevated compared to the pre-exposure value),
the remaining threshold shift is called a PTS. By definition, TTS is a function of the recovery
time, therefore comparing the severity of noise exposures based on the amount of induced TTS
can only be done if the recovery times are also considered. For example, a 20 dB TTS measured
24 hours post-exposure indicates a more hazardous exposure than one producing 20 dB of TTS
measured only two minutes after exposure; if the TTS is 20 dB after 24 hours, the TTS measured
after two minutes would have likely been much higher. Conversely, if 20 dB of TTS was
measured after two minutes, the TTS measured after 24 hours would likely have been much
smaller.

Studies in mammals have revealed that noise exposures resulting in high levels of TTS (greater
than 40 dB) may also result in neural injury without any permanent hearing loss (Kujawa &
Liberman, 2009; Lin et al., 2011). It is unknown if a similar effect would be observed in birds.

Hearing Loss due to Non-Impulsive Sounds

Behavioral studies of threshold shift in birds within their frequencies of best hearing (between 2
and 4 kHz) due to long-duration (30 minutes to 72 hours) continuous, non-impulsive, high-level
sound exposures in air have shown that susceptibility to hearing loss varies substantially by
species, even in species with similar auditory sensitivities, hearing ranges, and body size
(Niemiec et al., 1994; Ryals et al., 1999; Saunders & Dooling, 1974). For example, Ryals et al.
(1999) conducted the same exposure experiment on quail and budgerigars, which have very
similar audiograms. A 12-hour exposure to a 2.86 kHz tone at 112 dB re 20 uPa SPL [cumulative
SEL of 158 dB re 20 pPa?s] resulted in a 70 dB threshold shift measured after 24 hours of
recovery in quail, but a substantially lower 40 dB threshold shift measured after just 12 hours of
recovery in budgerigars which recovered to within 10 dB of baseline after three days and fully
recovered by one month (Ryals et al., 1999). Although not directly comparable, this SPL would
be perceived as extremely loud but just under the threshold of pain for humans per the
American Speech-Language-Hearing Association. Whereas the 158 dB re 20 pPa?-s SEL tonal
exposure to quail discussed above caused 20 dB of PTS (Ryals et al., 1999), a shorter (four-hour)
tonal exposure to quail with similar SEL (157 dB re 20 pPa2-s) caused 65 dB of threshold shift
that fully recovered within two weeks (Niemiec et al., 1994).

Data on threshold shift in birds due to relatively short-duration sound exposures that could be
used to estimate the onset of threshold shift is limited. Saunders and Dooling (1974) provide
the only threshold shift growth data measured for birds. Saunders and Dooling (1974) exposed
young budgerigars to four levels of continuous 1/3-octave band noise (76, 86, 96, and 106 dB re
20 pPa) centered at 2.0 kHz and measured the threshold shift at various time intervals during
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the 72-hour exposure. The earliest measurement found 7 dB of threshold shift after
approximately 20 minutes of exposure to the 96 dB re 20 pPa SPL noise (127 dB re 20 pPa?-s
SEL). Generally, onset of TTS in other species has been considered 6 dB above measured
threshold (Finneran, 2015), which accounts for natural variability in auditory thresholds. The
Saunders and Dooling (1974) budgerigar data is the only bird data showing low levels of
threshold shift. Because of the observed variability of threshold shift susceptibility among bird
species and the relatively long duration of sound exposure in Saunders and Dooling (1974), the
observed onset level cannot be assumed to represent the SEL that would cause onset of TTS for
other bird species or for shorter duration exposures (i.e., a higher SEL may be required to
induce threshold shift for shorter duration exposures).

Since the goal of most bird hearing studies has been to induce hair cell damage to study
regeneration and recovery, exposure durations were purposely long. Studies with other non-
avian species have shown that long-duration exposures tend to produce more threshold shift
than short-duration exposures with the same SEL [e.g., see Finneran (2015)]. The SELs that
induced TTS and PTS in these studies likely over-estimate the potential for hearing loss due to
any short-duration sound of comparable SEL that a bird could encounter outside of a controlled
laboratory setting. In addition, these studies were not designed to determine the exposure
levels associated with the onset of any threshold shift or to determine the lowest SEL that may
result in PTS.

With insufficient data to determine PTS onset for birds due to a non-impulsive exposure, data
from other taxa are considered. Studies of terrestrial mammals suggest that 40 dB of threshold
shift is a reasonable estimate of where PTS onset may begin [see (Southall et al., 2007)]. Similar
amounts of threshold shift have been observed in some bird studies with no subsequent PTS.
Of the birds studied, the budgerigars showed intermediate susceptibility to threshold shift; the
budgerigars exhibited threshold shifts in the range of 40-50 dB after 12-hour exposures to 112
dB and 118 dB re 20 pPa SPL tones at 2.86 kHz (158—164 dB re 20 pPa2-s SEL), which recovered
to within 10 dB of baseline after three days and fully recovered by one month (Ryals et al.,
1999). These experimental SELs are a conservative estimate of the SEL above which PTS may be
considered possible for birds.

All of the above studies were conducted in air. There are no studies of hearing loss to diving
birds due to underwater exposures.

Hearing Loss due to Impulsive Sounds

The only measure of hearing loss in a bird due to an impulsive noise exposure was conducted
by Hashino et al. (1988), in which budgerigars were exposed to the firing of a pistol with a
received level of 169 dB re 20 puPa peak SPL (two gunshots per each ear); SELs were not
provided. While the gunshot frequency power spectrum had its peak at 2.8 kHz, threshold shift
was most extensive below 1 kHz. Threshold shift recovered at frequencies above 1 kHz, while a
24 dB PTS was sustained at frequencies below 1 kHz. Studies of hearing loss in diving birds
exposed to impulsive sounds underwater do not exist.

Because there is only one study of hearing loss in birds due to an impulsive exposure, the few
studies of hearing loss in birds due to exposures to non-impulsive sound are the only other
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avian data upon which to assess bird susceptibility to hearing loss from an impulsive sound
source. Data from other taxa (U.S. Department of the Navy, 2017) indicate that, for the same
SEL, impulsive exposures are more likely to result in hearing loss than non-impulsive exposures.
This is due to the high peak pressures and rapid pressure rise times associated with impulsive
exposures.

C.9.1.1.3 Masking

Masking occurs when one sound, distinguished as the ‘noise,” interferes with the detection or
recognition of another sound. The quantitative definition of masking is the amount in decibels
an auditory detection or discrimination threshold is raised in the presence of a masker (Erbe et
al., 2016). As discussed in the Conceptual Framework for Assessing Effects from Acoustic and
Explosive Activities (Section C.1.1), masking can effectively limit the distance over which an
animal can communicate and detect biologically relevant sounds. Masking only occurs in the
presence of the masking noise and does not persist after the cessation of the noise.

Critical ratios are the lowest ratio of signal-to-noise at which a signal can be detected. When
expressed in decibels, critical ratios can easily be calculated by subtracting the noise level (in dB
re 1 uPa? /Hz) from the signal level (in dB re 1 pPa) at detection threshold. A signal must be
received above the critical ratio at a given frequency to be detectable by an animal. Critical
ratios have been determined for a variety of bird species [e.g., Dooling (1980), Noirot et al.
(2011), Dooling and Popper (2000), and Crowell (2016)] and inter-species variability is evident.
Some birds exhibit low critical ratios at certain vocal frequencies, perhaps indicating that
hearing evolved to detect signals in noisy environments or over long distances (Dooling &
Popper, 2000).

The effect of masking is to limit the distance over which a signal can be perceived. An animal
may attempt to compensate in several ways, such as by increasing the source level of
vocalizations (the Lombard effect), changing the frequency of vocalizations, or changing
behavior (e.g., moving to another location, increase visual display). Birds have been shown to
shift song frequencies in the presence of a tone at a similar frequency (Goodwin & Podos,
2013), and in continuously noisy urban habitats, populations have been shown to have altered
song duration and shift to higher frequencies (Slabbekoorn & den Boer-Visser, 2006). Changes
in vocalization may incur energetic costs and hinder communication with conspecifics, which,
for example, could result in reduced mating opportunities. These effects are of long-term
concern in constant noisy urban environments (Patricelli & Blickley, 2006) where masking
conditions are prevalent.

C.9.1.1.4 Physiological Stress

Animals in the marine environment naturally experience stressors within their environment and
as part of their life histories. Changing weather and ocean conditions, exposure to diseases and
naturally occurring toxins, lack of prey availability, social interactions with members of the
same species, nesting, and interactions with predators all contribute to stress. Anthropogenic
sound-producing activities have the potential to provide additional stressors beyond those that
naturally occur, as described in the Conceptual Framework for Assessing Effects from Acoustic
and Explosive Activities (see Section C.1.1).
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Chronic stress due to disturbance may compromise the general health and reproductive success
of birds (Kight et al., 2012), but a physiological stress response is not necessarily indicative of
negative consequences to individual birds or to populations (Larkin et al., 1996; National Park
Service, 1994). The reported behavioral and physiological responses of birds to noise exposure
can fall within the range of normal adaptive responses to external stimuli, such as predation,
that birds face on a regular basis. These responses can include activation of the neural and
endocrine systems, causing changes such as increased blood pressure, available glucose, and
blood levels of corticosteroids (Manci et al., 1988). It is possible that individuals would return to
normal almost immediately after short-term or transient exposure, and the individual's
metabolism and energy budget would not be affected in the long term. Studies have also
shown that birds can habituate to noise following frequent exposure and cease to respond
behaviorally to the noise (Larkin et al., 1996; National Park Service, 1994; Plumpton, 2006).
However, the likelihood of habituation is dependent upon a number of factors, including
species of bird (Bowles et al., 1991), and frequency of and proximity to exposure. Although
Andersen et al. (1990) did not evaluate noise specifically, they found evidence that
anthropogenic disturbance is related to changes in home ranges; for example, raptors have
been shown to shift their terrestrial home range when concentrated military training activity
was introduced to the area. On the other hand, cardinals nesting in areas with high levels of
military training activity (including gunfire, artillery, and explosives) were observed to have
similar reproductive success and stress hormone levels as cardinals in areas of low activity
(Barron et al., 2012).

While physiological responses such as increased heart rate or startle response can be difficult to
measure in the field, they often accompany more easily measured reactions like behavioral
responses. A startle is a reflex characterized by rapid increase in heart rate, shutdown of
nonessential functions, and mobilization of glucose reserves. Habituation keeps animals from
expending energy and attention on harmless stimuli, but the physiological component might
not habituate completely (Bowles, 1995).

A strong and consistent behavioral or physiological response is not necessarily indicative of
negative consequences to individuals or to populations (Bowles, 1995; Larkin et al., 1996;
National Park Service, 1994). For example, many of the reported behavioral and physiological
responses to noise are within the range of normal adaptive responses to external stimuli, such
as predation, that wild animals face on a regular basis. In many cases, individuals would return
to homeostasis or a stable equilibrium almost immediately after exposure. The individual’s
overall metabolism and energy budgets would not be affected if it had time to recover before
being exposed again. If the individual does not recover before being exposed again,
physiological responses could be cumulative and lead to reduced fitness. However, it is also
possible that an individual would have an avoidance reaction (i.e., move away from the noise
source) to repeated exposure or habituate to the noise when repeatedly exposed.

Due to the limited information about acoustically induced stress responses, the Navy and USCG
conservatively assume in their effects analysis that any physiological response (e.g., hearing loss
or injury) or significant behavioral response is also associated with a stress response.
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C.9.1.1.5 Behavioral Reactions

Numerous studies have documented that birds and other wild animals respond to human-made
noise, including aircraft overflights, weapons firing, and explosions (Larkin et al., 1996; National
Park Service, 1994; Plumpton, 2006). The manner in which an animal responds to noise could
depend on several factors, including life history characteristics of the species; characteristics of
the noise source, sound source intensity, onset rate, distance from the noise source, presence
or absence of associated visual stimuli, food and habitat availability, and previous exposure (see
Section C.1.1). Researchers have documented a range of bird behavioral responses to noise,
including no response, head turn, alert behavior, startle response, flying or swimming away,
diving into the water, and increased vocalizations (Brown et al., 1999; Larkin et al., 1996;
National Park Service, 1994; Plumpton, 2006; Pytte et al., 2003; Stalmaster & Kaiser, 1997).
Some behavioral responses may be accompanied by physiological responses, such as increased
heart rate or short-term changes in stress hormone levels (Partecke et al., 2006).

Behavioral responses may depend on the characteristics of the noise, and whether the noise is
similar to biologically relevant sounds such as alarm calls by other birds and predator sounds.
For example, European starlings (Sturnus vulgaris) took significantly longer to habituate to
repeated bird distress calls than white noise or pure tones (Johnson et al., 1985). Starlings may
have been more likely to continue to respond to the distress because it is a more biologically
meaningful sound. Starlings were also more likely to habituate in winter than summer, possibly
meaning that food scarcity or seasonal physiological conditions may affect intensity of
behavioral response (Johnson et al., 1985).

Behavioral Reactions to Impulsive Sound Sources

Studies regarding behavioral responses by non-nesting birds to impulsive sound sources are
limited. Seismic surveys had no noticeable effects on the movements or diving behavior of long-
tailed ducks undergoing wing molt, a period in which flight is limited and food requirements are
high (Lacroix et al., 2003). The birds may have tolerated the seismic survey noise to stay in
preferred feeding areas.

Responses to aircraft sonic booms are indicative of responses to single impulsive sounds.
Responses to sonic booms are discussed below in Behavioral Reactions to Aircraft.

Behavioral Reactions to Sonar and Other Active Acoustic Sources

Captive common murres were exposed to brief playbacks of broadband noise and MF1 (53C)
sonar while at a feeder in a pool during a controlled exposure experiment responses (Hansen et
al., 2020). Received levels ranged 110 dB—130 dB re 1 pPa rms. Responses ranged from no
reaction to startle, temporary cessation of feeding, or fleeing the feeder. While responses to
both sound sources were observed compared to the silent controls, there was no statistically
significant relationship between reaction severity and sound level for either sound source. The
authors did not provide data on behavior that may have followed the immediately observed
responses. In experimental settings, common murres exhibited significant unconditioned flight
responses—effectively fleeing a feeding station—when exposed to mid-frequency sonar signals
and white noise. Psychophysical testing further confirms that murres can reliably detect
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underwater tones at a received level of 130 dB re 1 uPa, a level approximately 60 dB above
their presumed hearing (Hansen et al., 2020).

Behavioral Reactions to Aircraft

There are multiple possible factors involved in behavioral responses to aircraft overflights,
including the noise stimulus as well as the visual stimulus.

Observations of tern colonies responses to balloon overflights suggest that visual stimulus is
likely to be an important component of disturbance from overflights (Brown, 1990). Although it
was assumed nesting colonial waterbirds would be more likely to flush or exhibit a mob
response when disturbed, observations of nesting black skimmers and nesting least, gull-billed,
and common terns showed they did not modify nesting behavior in response to military fixed-
wing aircraft engaged in low-altitude tactical flights and rotary-wing overflights (Hillman et al.,
2015). Maximum behavioral responses by crested tern (Sterna bergii) to aircraft noise were
observed at sound level exposures greater than 85 A-weighted decibels (dBA) re 20 pPa.
However, herring gulls (Larus argentatus) significantly increased their aggressive interactions
within the colony and their flights over the colony during overflights with received SPLs of 101—
116 dBA re 20 pPa (Burger, 1981).

Raptors and wading birds have responded minimally to jet (110 dBA re 20 uPa) and propeller
plane (92 dBA re 20 uPa) overflights, respectively (Ellis, 1981). Jet flights greater than 1,640 ft.
(500 m) distance from raptors were observed to elicit no response (Ellis, 1981). The effects of
low-altitude military training flights on wading bird colonies in Florida were estimated using
colony distributions and turnover rates. There were no demonstrated effects of military activity
on wading bird colony establishment or size (Black et al., 1984). Fixed-winged jet aircraft
disturbance did not seem to adversely affect waterfowl observed during a study in coastal
North Carolina (Conomy et al., 1998); however, harlequin ducks were observed to show
increased agonistic behavior and reduced courtship behavior up to one to two hours after low-
altitude military jet overflights (Goudie & Jones, 2004).

It is possible that birds could habituate and no longer exhibit behavioral responses to aircraft
noise, as has been documented for some impulsive noise sources (Ellis, 1981; Russel et al.,
1996) and aircraft noise (Conomy et al., 1998). Ellis (1981), found that raptors would typically
exhibit a minor short-term startle response to simulated sonic booms, and no long-term effect
to productivity was noted.

C.9.1.1.6 Long Term Consequences

Long term consequences to birds due to acoustic exposures are considered following the
Conceptual Framework for Assessing Effects from Acoustic and Explosive Activities (see Section
C.1.1).

Long-term consequences due to individual behavioral reactions and short-term instances of
physiological stress are especially difficult to predict because individual experience over time
can create complex contingencies. It is more likely that any long-term consequences to an
individual would be a result of costs accumulated over a season, year, or life stage due to
multiple behavioral or stress responses resulting from exposures to multiple stressors over

C-116

Non-Acoustic Effects Supporting Information



Northwest Training and Testing
Supplemental EIS/OEIS Draft September 2026

significant periods of time. Conversely, some birds may habituate to or become tolerant of
repeated acoustic exposures over time, learning to ignore a stimulus that in the past did not
accompany any overt threat. Most research on long-term consequences to birds due to
acoustic exposures has focused on breeding colonies or shore habitats, and does not address
the brief exposures that may be encountered during migration or foraging at sea. More
research is needed to better understand the long-term consequences of human-made noise on
birds, although intermittent exposures are assumed to be less likely than prolonged exposures
to have lasting consequences.

C.9.2 Explosive Stressors
C.9.2.1 Effects from Explosives
C.9.2.1.1 Injury

If a bird is close to an explosive detonation, the exposure to high pressure levels and sound
impulse can cause barotrauma. Barotrauma is physical injury due to a difference in pressure
between an air space inside the body and the surrounding air or water. Sudden very high
pressures can also cause damage at tissue interfaces due to the way pressure waves travel
differently through tissues with different material properties. Damage could also occur to the
structure of the ear, considered to be the body part most susceptible to pressure damage.

Detonations that occur underwater could injure, kill, or disturb diving birds, particularly pursuit
divers that spend more time underwater than other foraging birds (Danil & St Leger, 2011).
Studies show that birds are more susceptible to underwater explosions when they are
submerged versus partially submerged on the surface. Two species of duck were exposed to
explosive blasts while submerged 0.61 m and while sitting on the water surface. Onset of
mortality (LD1) was predicted to occur at an impulse exposure of 248 pascal seconds (Pa-s) (36
pounds per square inch per millisecond [psi-ms]) for birds underwater and 690 Pa-s (100 psi-
ms) for birds at the water surface (Yelverton & Richmond, 1981). No injuries would be expected
for birds underwater at blast pressures below 41 Pa-s (6 psi-ms) and for birds on the surface at
blast pressures below 207 Pa-s (30 psi-ms) (Yelverton & Richmond, 1981). Tests of underwater
explosive exposures to other taxa (fish, mammals) have shown that susceptibility to injury is
related to animal mass, with smaller animals being more susceptible to injury (Yelverton &
Richmond, 1981). It is reasonable to assume that this relationship would apply to birds as well.
The range to these thresholds would be based on several factors including charge size, depth of
the detonation, and how far the bird is beneath the water surface.

Detonations in air or at the water surface could also injure birds while either in flight or at the
water surface. Experiments that exposed small, medium, and large birds to blast waves in air
were conducted to determine the exposure levels that would be injurious (Damon et al., 1974).
Birds were assessed for internal injuries to air sacs, organs, and vasculature, as well as injury to
the auditory tympanum, but internal auditory damage was not assessed. Results indicated that
peak pressure exposure of 5 psi would be expected to produce no blast injuries, 10 psi would
produce slight to extensive injuries, and 20 psi would produce 50 percent mortality. These
results also suggested that birds with higher mass may be less susceptible to injury. In addition
to the risk of direct blast injury, exposure to an explosion in air may cause physical

C-117

Non-Acoustic Effects Supporting Information



Northwest Training and Testing
Supplemental EIS/OEIS Draft September 2026

displacement of a bird that could be injurious. The same study examined displacement injuries
to birds (Damon et al., 1974). Results indicated that impulse exposures below 5 psi-ms would
not be expected to result in injuries.

One experiment was conducted with birds in flight, showing how birds can withstand relatively
close exposures to in-air explosions (Damon et al., 1974). Flying pigeons were exposed to a
64-pound (Ib.) net explosive weight explosion. Birds at 44—126 ft. from the blast exhibited no
signs of injury, while serious injuries were sustained at ranges less than 40 ft. The no injury zone
in this experiment was also for exposures less than 5 psi-ms impulse, similar to the results of
the displacement injury study.

Ranges to the no injury threshold for a range of in-air explosives are shown in Table C-7.

Table C-7: Range to No Blast Injury for Birds Exposed to Aerial Explosives

Net explosive weight Range to 5 psi
5 pounds (Ib.) 21 feet (ft.)
10 Ib. 26 ft.
100 Ib. 57 ft.

Note: Ranges calculated using the methods in
U.S. Department of the Navy (1975).

Another risk of explosions in air is exposure to explosive fragmentation, in which pieces of the
casing of a cased explosive are ejected at supersonic speeds from the explosion. The risk of
direct strike by fragmentation would decrease exponentially with distance from the explosion,
as the worst case for strike at any distance is the surface area of the casing fragments, which
ultimately would decrease their outward velocity under the influence of drag. It is reasonable
to assume that a direct strike in air or at the water surface would be mortal. Once in water, the
drag on any fragments would quickly reduce their velocity to non-hazardous levels (Swisdak &
Montanaro, 1992).

The initial detonation in a series of detonations may deter birds from subsequent exposures via
an avoidance response, however, birds have been observed taking interest in surface objects
related to detonation events and subsequently being killed by a following detonation [Stemp, R.
in Greene et al. (1985)].

C.9.2.1.2 Hearing Loss

Exposure to intense sound may result in hearing loss which persists after cessation of the noise
exposure. There are no data on hearing loss in birds specifically due to explosives; therefore,
the limited data on hearing loss due to impulsive sounds, apply to explosive exposures.

C.9.2.1.3 Physiological Stress

Birds naturally experience stressors within their environment and as part of their life histories.
Changing weather and ocean conditions, exposure to diseases and naturally occurring toxins,
lack of prey availability, social interactions with members of the same species, nesting, and
interactions with predators all contribute to stress. Exposures to explosives have the potential
to provide additional stressors beyond those that naturally occur, as described in the
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Conceptual Framework for Assessing Effects from Acoustic and Explosive Activities (see Section
C.1.1).

There are no data on physiological stress in birds specifically due to explosives; therefore, the
limited data on physiological stress due to impulsive sounds, apply to explosive exposures.

C.9.2.1.4 Masking

Masking occurs when one sound, distinguished as the “noise,” interferes with the detection or
recognition of another sound. Exposure to explosives may result in masking. There are no data
on masking in birds specifically due to explosives; therefore, the limited data on masking due to
impulsive sounds, apply to explosive exposures. Due to the very brief duration of an explosive
sound, any masking would be brief during an explosive activity.

C.9.2.1.5 Behavioral Reactions

Numerous studies have documented that birds and other wild animals respond to human-made
noise, including aircraft overflights, weapons firing, and explosions (Larkin et al., 1996; National
Park Service, 1994; Plumpton, 2006). The limited data on behavioral reactions due to impulsive

sounds, apply to explosive exposures.

Because data on behavioral responses by birds to explosions is limited, information on bird
responses to other impulsive sounds may be informative. Seismic surveys had no noticeable
effects on the movements or diving behavior of long-tailed ducks undergoing wing molt, a
period in which flight is limited and food requirements are high (Lacroix et al., 2003). The birds
may have tolerated the seismic survey noise to stay in preferred feeding areas. The sensitivity
of birds to disturbance may also vary during different stages of the nesting cycle. Similar noise
levels may be more likely to cause nest abandonment during incubation of eggs than during
brooding of chicks because birds have invested less time and energy and have a greater chance
of re-nesting (Knight & Temple, 1986).

C.9.2.1.6 Long Term Consequences

Long-term consequences to birds due to explosive exposures are considered following the
Conceptual Framework for Assessing Effects from Acoustic and Explosive Activities (Section
C.1.1.6).

Long-term consequences to a population are determined by examining changes in the
population growth rate. Physical effects that could lead to a reduction in the population growth
rate include mortality or injury, which could remove animals from the reproductive pool, and
permanent hearing impairment, which could affect foraging and communication. The long-term
consequences due to individual behavioral reactions and short-term instances of physiological
stress are especially difficult to predict because individual experience over time can create
complex contingencies. It is more likely that any long-term consequences to an individual would
be a result of costs accumulated over a season, year, or life stage due to multiple behavioral or
stress responses resulting from exposures to multiple stressors over significant periods of time.
Conversely, some birds may habituate to or become tolerant of repeated acoustic exposures
over time, learning to ignore a stimulus that in the past did not accompany any overt threat.
More research is needed to better understand the long-term consequences of anthropogenic
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stressors, although intermittent exposures to explosive noise are assumed to be less likely to
have lasting consequences.

C.9.3 Energy Stressors
C.9.3.1 Effects from In-Water Electromagnetic Devices

The kinetic energy weapon referred to as a rail gun is an in-water electromagnetic device that
will be tested and eventually used in training events aboard surface vessels, firing non-explosive
projectiles at land- or sea-based targets. This system charges for approximately two minutes
and discharges in less than a second. The duration of the firing event is extremely short (about
eight milliseconds), which makes it quite unlikely that a bird would fly over at the precise
moment of firing. The short duration of each firing event also means that the likelihood of
affecting any animal using magnetic fields for orientation is extremely small. Further, the high
magnetic field levels experienced within 80 ft. of the launcher quickly dissipate and return to
background levels beyond 80 ft. The magnetic field levels outside of the 80 ft. buffer zone
would be below the most stringent guidelines for humans (i.e., people with pacemakers or
active implantable medical devices). Therefore, the electromagnetic effects would be
temporary in nature and not expected to result in effects on organisms (U.S. Department of the
Navy, 2009), and are not discussed further in this section.

Birds are known to use the Earth’s magnetic field as a navigational cue during seasonal
migrations (Akesson & Hedenstrom, 2007; Fisher, 1971; Wiltschko & Wiltschko, 2005). Birds use
numerous other orientation cues to navigate in addition to magnetic fields. These include
position of the sun, celestial cues, visual cues, wind direction, and scent (Akesson &
Hedenstrom, 2007; Fisher, 1971; Haftorn et al., 1988; Wiltschko & Wiltschko, 2005). It is
believed that birds successfully navigate long distances by using a combination of these cues. A
magnetite-based (magnetic mineral) receptor mechanism in the upper beak of birds provides
information on position and compass direction (Wiltschko & Wiltschko, 2005). Towed in-water
electromagnetic device effects on birds would only occur underwater and would only affect
diving species or species on the surface in the immediate area where the device is deployed.
There is no information available on how birds react to electromagnetic fields underwater.

C.9.3.2 Effects from In-Air Electromagnetic Devices

Currently, questions exist about far-field, non-thermal effects from low-power, in-air
electromagnetic devices. Manville (2016) performed a literature review of this topic. Although
findings are not always consistent, Manville (2016) reported that several peer-reviewed studies
have shown non-thermal effects can include (1) affecting behavior by preventing birds from
using their magnetic compass, which may in turn affect migration; (2) fragmenting the DNA of
reproductive cells, decreasing the reproductive capacity of living organisms; (3) increasing the
permeability of the blood-brain barrier; (4) other behavioral effects; (5) other molecular,
cellular, and metabolic changes; and (6) increasing cancer risk.

Cucurachi et al. (2013) also performed a literature review of 113 studies and reported that (1)
few field studies were performed (the majority were conducted in a laboratory setting); (2) 65
percent of the studies reported ecological effects both at high as well as low dosages (i.e., those
that are compatible with real field situations, at least on land); (3) no clear dose-effect
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relationship could be discerned but that studies finding an effect applied longer durations of
exposure and focused more on mobile phone frequency ranges; and (4) a lack of
standardization and a limited number of observations limited the possibility of generalizing
results from an organism to an ecosystem level.

Many bird species return to the same stopover, wintering, and breeding areas every year and
often follow the exact same or very similar migration routes (U.S. Department of the Navy,
2002), and ample evidence exists that displaced birds can successfully reorient and find their
way when one or more cues are removed (U.S. Department of the Navy, 2009). For example,
Haftorn et al. (1988) found that after removal from their nests and release into a different area,
snow petrels (Pagodrama nivea) were able to successfully navigate back to their nests even
when their ability to smell was removed. Furthermore, Wiltschko and Wiltschko (2005) report
that in-air electromagnetic pulses administered to birds during an experimental study on
orientation do not deactivate the magnetite-based receptor mechanism in the upper beak
altogether but instead cause the receptors to provide altered information, which in turn causes
birds to orient in different directions. However, these effects were temporary, and the ability of
the birds to navigate eventually returned. Similar results were found by a subsequent study by
Wiltschko et al. (2011) on European robins (Erithacus rubecula) that tested the effects of
exposure to specific wavelengths of visible light. Therefore, in the unlikely event that an
electromagnetic device temporarily disorients a bird, it is expected that it would still be able to
reorient using its internal magnetic compass to aid in navigation once the stressor ceases or the
bird and stressor are separated by sufficient distance. Therefore, temporary disorientation may
be considered short-term for birds experiencing electromagnetic interference in the Study
Area. Furthermore, other orientation cues may include position of the sun and moon, visual
cues, wind direction, infrasound, and scent; these cues would not be affected by in-air
electromagnetic devices.

A study was conducted on the effects of extremely low-frequency in-air electromagnetic fields
on breeding and migrating birds around the Navy’s extra-low-frequency communication system
antenna in Wisconsin. The study found no evidence that bird distribution or abundance was
affected by in-air electromagnetic fields produced by the antenna. In addition, radars, including
X-band systems, are frequently used to track bird movements as it has been demonstrated that
they do not affect bird behavior. Moreover, previous studies have consistently determined that
the chances that a bird will move in the same direction and at the same speed as a constant
beam of electromagnetic radiation (e.g., while an in-air electromagnetic device tracks a target),
and therefore be exposed to radiation that could cause thermal damage, are extremely small
(Bruderer et al., 1999; Nicholls & Racey, 2009).

If present in the open water areas where training activities involving in-air electromagnetic
stressors occur, marbled murrelets and short-tailed albatross could be temporarily disturbed
while foraging or migrating.

Given (1) the information provided above; (2) the dispersed nature of military readiness
activities at sea; and (3) the relatively low-level and dispersed use of these systems at sea, the
following conclusions are reached:
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e The chance that in-air electromagnetic devices would cause thermal damage to an
individual bird is extremely low;

e ltis possible, although unlikely, that some bird individuals would be exposed to levels of
electromagnetic radiation that would cause discomfort, in which case they would likely
avoid the immediate vicinity of military readiness activities;

e Non-thermal effects, such as temporary orientation disruption, is likely if the bird is near
the emitting source.

e The strength of any avoidance response would likely decrease with increasing distance
from the in-air electromagnetic device; and

e No long-term or population-level effects would occur.

C.9.4 Physical Disturbance and Strike Stressors
C.9.4.1 Effects from Vessels

Direct collisions with most Navy and USCG vessels (or a vessel’s rigging, cables, poles, or masts)
are unlikely but may occur, especially at night. Many bird species are attracted to artificial
lighting, particularly Procellariiformes. Lighting on boats and vessels has also contributed to bird
fatalities in open-ocean environments when birds are attracted to these lights, usually in
inclement weather conditions (Merkel & Johansen, 2011). Birds can become disoriented at
night in the presence of artificial light (Favero et al., 2011; Hamilton, 1958; Hyrenbach, 2001,
2006), and lighting on vessels may attract some birds, increasing the potential for harmful
encounters. Other effects would be the visual and behavioral disturbance from a vessel. Birds
respond to moving vessels in various ways. Some birds, including certain species of gulls, storm
petrels, and albatrosses, commonly follow vessels (Favero et al., 2011; Hyrenbach, 2001, 2006);
while other species such as plovers, curlews, frigatebirds, and sooty terns seem to avoid vessels
(Borberg et al., 2005; Hyrenbach, 2006). There could be a slightly increased risk of effects
during the winter, or fall/spring migrations when migratory birds use celestial clues during night
time flight and are concentrated in coastal areas. However, despite this concentration, most
birds would still be able to avoid collision with a vessel. Vessel movements could elicit short-
term behavioral or physiological responses (e.g., alert response, startle response, fleeing the
immediate area, temporary increase in heart rate).

Navy aircraft carriers, surface combatant vessels, and amphibious warfare ships are minimally
lighted for tactical purposes. For vessels of this type, there are two white lights that shine
forward and one that shines aft; these lights must be visible for at least 6 NM. A single red and
a single green light are located on the port and starboard sides of vessels, respectively. These
lights are visible for a minimum of 3 NM. Solid white lighting appears more problematic for
birds, especially nocturnal migrants (Gehring et al., 2009; Poot et al., 2008). Navy vessel lights
are mostly solid, but sometimes may not appear solid because of the constant movement of
the vessel (wave action), making vessel lighting potentially less problematic for birds in some
situations.

While some potential exists for birds to be struck by vessels as they are foraging, resting, or
flying near the water surface, most birds would be expected to see or hear an oncoming vessel
and to fly or swim away to avoid a potentially harmful encounter. Injury or mortality could
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occur if a bird was struck, but most bird encounters with vessels would be expected to result in
a brief behavioral and physiological response as described above. It should be noted that such
responses involve at the least a temporary displacement of birds from foraging areas, resulting
in energetic costs to the birds (Velando & Munilla, 2011). Birds would be expected to return
and resume foraging soon after the vessel passed through the area, or to forage elsewhere, and
the fitness of individual birds would probably not be compromised.

Other harmful bird-vessel interactions are commonly associated with commercial fishing
vessels because birds are attracted to concentrated food sources around these vessels (Dietrich
& Melvin, 2004; Melvin & Parrish, 2001). However, concentrated food sources are not
associated with Navy and USCG vessels, so birds following Navy and USCG vessels would be
very unlikely.

Amphibious vessel movements could elicit short-term behavioral or physiological responses
such as alert response, startle response, cessation of feeding, fleeing the immediate area, nest
abandonment, and a temporary increase in heart rate. The general health of individual birds
would not be compromised, unless a direct strike occurred. However, it is highly unlikely that a
bird would be struck in this scenario because most foraging shorebirds near the approaching
amphibious vessel would likely be dispersed by the noise of its approach before it could come
close enough to strike a bird (Table B-1 in Appendix B, Activity Stressor Matrices).

C.9.4.2 Effects from Air Operations

Military air operations within the Study Area are comprised of fixed-wing tactical jets, rotary-
wing platforms, and Unmanned Aircraft Systems (UAS). High-decibel overflights and rapid visual
silhouettes can elicit startle responses, temporary displacement, or brief disruption of foraging
and transit behaviors. UAS operations, depending on platform size and operating altitude,
present localized visual disturbance risks as birds may perceive low-flying aerial vehicles as
predatory threats, potentially causing temporary flushing from surface feeding aggregations or
roosting sites.

Despite the regular cadence of flight training and testing, direct aircraft strikes and severe
disturbances to seabirds are extremely unlikely to occur. Standard flight envelopes create
significant vertical and spatial separation between aircraft and avian populations. Most marine
bird species forage on the water surface or transit within a low boundary layer (typically below
200-300 ft.), whereas military fixed-wing training predominantly occurs at higher altitudes or
within offshore warning areas. Additionally, seabirds possess acute visual and auditory
capabilities, consistently initiating diving or avoidance maneuvers long before an aircraft or UAS
intersects their flight path. UAS platforms operate under strict altitude minimums and flight
corridors that intentionally avoid known colonial nesting sites and high-density foraging zones.

Consequently, the overall impact of military air operations on bird populations within the Study
Area is discountable and unlikely to result in adverse population-level effects or measurable
mortality.
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C.9.5 Entanglement Stressors

C.9.5.1 Effects from Decelerators/Parachutes

If the decelerator/parachute and its lines sink to the seafloor in an area where the bottom is
calm, it would remain there undisturbed. Over time, it may become covered by sediment in
most areas or colonized by attaching and encrusting organisms, which would further stabilize
the material and reduce the potential for reintroduction as an entanglement risk. If bottom
currents are present, the canopy may billow and pose an entanglement threat to birds that
feed in benthic habitats. Bottom-feeding birds tend to forage in nearshore areas rather than
offshore, where these decelerators/parachutes are used; therefore, birds are not likely to
encounter decelerators/parachutes once they reach the seafloor. The potential for a bird to
encounter an expended decelerator/parachute at the surface or in the water column as it sinks
to the seafloor is extremely low. The probability of a bird encountering a decelerator/parachute
at the seafloor is even lower given birds are unlikely to be near the decelerator/parachute
where it rests on the seafloor as well as the general behavior of birds. The risk may increase
with time if the decelerator/parachute remains intact and accessible to birds at the water’s
surface or in the water column. Factors that may influence degradation times include exposure
to ultraviolet radiation and the extent of physical damage of the decelerator/parachute on the
water’s surface, as well as water temperature and sinking depth.

C.9.6 Ingestion Stressors
C.9.6.1 Effects from Military Expended Materials Other Than Munitions

The analysis in this section includes the potential ingestion of military expended materials other
than munitions, all of which are expended away from nearshore habitats and close to the water
surface. Tables 3.0-9 and 3.0-12 describe the annual quantities and locations where these
materials would be generated by training and testing activities under Alternatives 1 and 2.
Appendix A (Military Readiness Activity Descriptions) provides specific information on the
activities that may result in ingestion stressors, and the typical locations where these activities
occur.

While it has been widely documented that a wide range of marine organisms (including
zooplankton, baleen whales, and seabirds) will ingest plastic, the mechanism that causes these
organisms to do so was discovered only recently (Savoca, 2016; Savoca et al., 2016).
Procellariiformes, or tube-nosed seabirds (e.g., albatrosses, shearwaters and petrels) utilize a
highly developed sense of smell to find food that is patchily distributed in offshore and open
ocean environments. Specifically, these birds are attracted to dimethyl sulfide, which is
produced when the cell walls of algae are damaged (e.g., when marine herbivores such as krill
eat it), thereby alerting the seabirds that food (e.g., krill) are nearby. Through a literature
review, Savoca et al. (2016) demonstrated that seabirds that utilize dimethyl sulfide as a
foraging cue consumed plastic nearly six times more frequently than species that were not
attracted to dimethyl sulfide. Savoca et al. (2016) also performed field studies that confirmed
that algae growing on three of the most common types of plastic debris (polypropylene and
low- and high-density polyethylene) can produce dimethyl sulfide within three weeks at
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concentrations at least four orders of magnitude above the behavioral detection threshold for
Antarctic prions (Pachyptila desolata), thereby creating an “olfactory trap.”

Birds could potentially ingest expended materials other than munitions used by the Navy and
USCG during military readiness activities within the Study Area. The following types of
expended materials could become ingestion stressors for birds during training and testing in
the Study Area: missile components, target fragments, chaff and flare endcaps/pistons, and
decelerators/parachutes.

Ingestion of expended materials by birds could occur in all large marine ecosystems and open
ocean areas and would occur either at the surface or just below the surface portion of the
water column, depending on the size and buoyancy of the expended object and the feeding
behavior of the birds. Floating material of ingestible size could be eaten by birds that feed at or
near the water surface, while materials that sink pose a potential risk to diving birds that feed
just below the water’s surface (Titmus & Hyrenbach, 2011). Some items, such as
decelerators/parachutes or sonobuoys are too large to be ingested and will not be discussed
further. In addition, most decelerators/parachutes are designed to sink rapidly to the seafloor.

Physiological effects on birds from ingestion stressors include blocked digestive tracts
preventing food passage, blockage of digestive enzymes, nutrient dilution (nonnutritive debris
displaces nutritious food in the gut), and altered appetite satiation (the sensation of feeling
full), which can lead to starvation (Azzarello & Van Vleet, 1987). Additional physiological effects
may include lowered steroid hormone levels, delayed ovulation (egg maturation), reproductive
failure, and exposure to indirect effects from harmful chemicals found in and on the plastic
material (Azzarello & Van Vleet, 1987). While ingestion of marine debris has been linked to bird
mortalities, sublethal effects are more common (Moser & Lee, 1992).

Many species of seabirds are known to ingest floating plastic debris and other foreign matter
while feeding on the surface of the ocean (Auman et al., 1997; Yamashita et al., 2011). Evidence
indicates that physical and toxicological effects from plastic ingestion by seabirds are
widespread among species and pervasive in terms of the number of individuals affected, and
that effects are increasing (Kain et al., 2016; Wilcox et al., 2015). For example, 21 of 38 seabird
species (55 percent) collected off the coast of North Carolina from 1975 to 1989 contained
plastic particles (Moser & Lee, 1992). The mean particle sizes of ingested plastic were positively
correlated with the birds’ size though the mean mass of plastic found in the stomachs and
gizzards of 21 species was below 3 grams. The number of plastic particles found in the
stomachs of northern fulmars in the North Sea increased by two-to-three-fold from the mid-
1980s to mid-1990s and has remained at about 30 particles per bird since then. Since the
1980s, concentrations of industrial plastics in the ocean waters and their consumption by
fulmars has decreased by about 75 percent, while the abundance of user plastics and their
consumption has shown no obvious trend (van Franeker & Law, 2015). It is reasonable to
assume that birds within the Study Area have increased rates of plastic ingestion, similar to
other locations where necropsies have been conducted. Some seabirds have used plastic and
other marine debris for nest building which may lead to ingestion of that debris (Votier et al.,
2011). Indirect ingestion of plastic also occurs from consuming prey (such as fishes) that ingests
plastic.

C-125

Non-Acoustic Effects Supporting Information



Northwest Training and Testing
Supplemental EIS/OEIS Draft September 2026

Plastic is often mistaken for prey, and the incidence of plastic ingestion appears to be related to
a bird’s feeding mode and diet (Henry et al., 2011; Provencher et al., 2014). Seabirds that feed
by pursuit-diving, surface-seizing, and dipping tend to ingest plastic, while those that feed by
plunging or piracy typically do not ingest plastic (Azzarello & Van Vleet, 1987; Provencher et al.,
2014). Birds of the order Procellariiformes, which include petrels, shearwaters, and albatrosses,
tend to accumulate more plastic than other species (Azzarello & Van Vleet, 1987; Moser & Lee,
1992; Pierce et al., 2004; Provencher et al., 2014). Some birds, including gulls and terns,
commonly regurgitate indigestible parts of their food items such as shell and fish bones.
However, the structure of the digestive systems of most Procellariiformes makes it difficult to
regurgitate solid material such as plastic (Azzarello & Van Vleet, 1987; Moser & Lee, 1992;
Pierce et al., 2004). Two species of albatross (Diomedeidae) have also been reported to ingest
plastic while feeding at sea. While such studies have not conclusively shown that plastic
ingestion is a significant source of direct mortality, it may be a contributing factor to other
causes of albatross mortality (Naughton et al., 2007).

As summarized by Pierce et al. (2004), Auman et al. (1997) and Azzarello and Van Vleet (1987)
documented consequences of plastic ingestion by seabirds include blockage of the intestines
and ulceration of the stomach, reduction in the functional volume of the gizzard leading to a
reduction of digestive capability, and distention of the gizzard leading to a reduction in hunger.
Dehydration has also been documented in seabirds that have ingested plastic (Sievert & Sileo,
1993). Studies have found negative correlations between body weight and plastic load, as well
as between body fat (a measure of energy reserves) and the number of pieces of plasticin a
seabird's stomach (Auman et al., 1997; Ryan, 1987; Sievert & Sileo, 1993). Other possible
concerns that have been identified include toxic plastic additives and toxic contaminants that
could be adsorbed to the plastic from ambient seawater. Pierce et al. (2004) described two
cases where plastic ingestion caused seabird mortality from starvation. The examination of a
deceased adult northern gannet revealed that a 1.5 in. diameter plastic bottle cap lodged in its
gizzard blocked the passage of food into the small intestine, which resulted in its death from
starvation. Northern gannets are substantially larger, and dive deeper than the ESA-listed birds
in the Study Area. Also, since gannets typically utilize flotsam in nest building (Votier et al.,
2011), they may be more susceptible to ingesting marine debris than other species as it gathers
that material. Dissection of an adult greater shearwater’s gizzard revealed that a 1.5 by 0.5 in.
fragment of plastic blocked the passage of food in the digestive system, which also resulted in
death from starvation.

Species such as storm-petrels, albatrosses, shearwaters, fulmars, and noddies that forage by
picking prey from the surface may have a greater potential to ingest any floating plastic debris
(Donnelly-Greenan et al., 2014). Ingestion of plastic military expended material by any species
from the taxonomic groups found within the Study Area has the potential to affect individual
birds. The risk of plastic ingestion and impaction in chicks of many species of seabirds may be
different from the risks to adults. Albatross chicks appear to be at greater risk compared to
adults, because of their high rates of ingestion and apparent low frequency of regurgitative
casting of indigestible material. Floating plastic items are ingested by adult albatrosses and
regurgitated to chicks along with normal food items. Negative effects of plastic ingestion may
result from impaction of the upper gastrointestinal tract and interference with passage of food
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through the digestive system, contributing to reduced resistance to disease and lowered post-
fledging survival. Significant correlations between plastic loads and body condition or growth
rates, were not found, however (Hyrenbach et al., 2015). Flesh-footed shearwater (Puffinus
carnipes) fledglings in eastern Australia have been found to contain relatively large amounts of
plastics, which is correlated with poor body condition and tissue contaminant loads (Lavers et
al., 2014).

The distribution of floating expended items would be irregular in both space and time, as
training and testing activities do not occur in the same place each time. The random
distribution of items across the large Study Area yields very low probabilities that seabirds will
encounter a floating item. However, when a seabird does encounter a floating item of
ingestible size, an ingestion risk may exist. Although most military expended material
components are expected to sink to the seafloor and spend limited periods within the water
column, some items remain buoyant for an extended period. Expended training and testing
material, such as missile components or target fragments that float, may be encountered by
seabirds in the waters of the Study Area, increasing the potential for ingestion of smaller
components. Ocean currents concentrate plastic debris, making seabirds that feed along frontal
zones more susceptible (Azzarello & Van Vleet, 1987). While some seabird ingestion of
expended materials could occur, these factors indicate that a small number of birds would be
affected and that population level effects would not be expected.

Target-Related Materials

At-sea targets are usually remotely operated airborne, surface, or subsurface traveling units,
most of which are designed to be recovered for reuse. However, if they are used during
activities that use high explosives then they may result in fragments. Expendable targets that
may result in fragments would include air-launched decoys, surface targets (e.g., marine
markers, paraflares, cardboard boxes, and 10 ft. diameter red balloons), and mine shapes. Most
target fragments would sink quickly to the seafloor. Floating material, such as Styrofoam, may
be lost from target boats and remain at the surface for some time. Only targets that may result
in smaller fragments that do not immediately sink are included in the analyses of ingestion
potential.

There are additional types of targets discussed previously, but only surface targets, subsurface
targets, air targets, and mine shapes would be expected to result in fragments when high-
explosive munitions are used.

Chaff

Large areas of air space and open water within the Study Area would be exposed to chaff at
very low concentrations. This same section also provides a general discussion of chaff as an
ingestion stressor and concludes that chaff poses little risk to organisms, except at
concentrations substantially higher than those that could reasonably occur from military
training. Additional information is provided below.

It is unlikely that chaff would be selectively ingested (U.S. Department of the Air Force, 1997).
Ingestion of chaff fibers is not expected to cause physical damage to a bird’s digestive tract
based on the fibers’ small size (ranging in lengths of 0.25-3 in. with a diameter of about
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40 micrometers) and flexible nature, as well as the small quantity that could reasonably be
ingested. In addition, concentrations of chaff fibers that could reasonably be ingested are not
expected to be toxic to seabirds. Scheuhammer (1987) reviewed the metabolism and toxicology
of aluminum in birds and mammals and found that intestinal adsorption of orally ingested
aluminum salts was very poor, and the small amount adsorbed was almost completely removed
from the body by excretion. Dietary aluminum normally has minor effects on healthy birds and
mammals, and often high concentrations (greater than 1,000 milligrams per kilogram) are
needed to induce effects such as impaired bone development, reduced growth, and anemia
(U.S. Department of the Navy, 1999). A bird weighing 2.2 Ib. would need to ingest more than
83,000 chaff fibers per day to receive a daily aluminum dose equal to 1,000 per kilogram; this
analysis was based on chaff consisting of 40 percent aluminum by weight and a 5 ounce chaff
canister containing 5 million fibers. As an example, an adult herring gull weighs about 1.8-2.7
Ib. (Cornell Lab of Ornithology, 2009). It is highly unlikely that a bird would ingest a toxic dose of
chaff based on the anticipated environmental concentration of chaff (i.e., 1.8 fibers per square
foot for an unrealistic, worst-case scenario of 360 chaff cartridges simultaneously released at a
single drop point).

Flares

Ingestion of flare compression pads or pistons 1.3 in. in diameter and 0.13 in. thick (U.S.
Department of the Air Force, 1997) by birds may result in gastrointestinal obstruction or
reproductive complications. Based on the information presented above, if a seabird were to
ingest a compression pads or pistons, the response would vary based on the species and
individual bird. The responses could range from none to sublethal (reduced energy reserves), to
lethal (digestive tract blockage leading to starvation). Ingestion of compression pads or pistons
by species that regularly regurgitate indigestible items would likely have no adverse effects.
However, compression pads or pistons are similar in size to those plastic pieces described
above that caused digestive tract blockages and eventual starvation. Therefore, ingestion of
compression pads or pistons could be lethal to some individual seabirds. Species with small
gizzards and anatomical constrictions that make it difficult to regurgitate solid material would
likely be most susceptible to blockage (such as Procellariiformes). Based on available
information, it is not possible to accurately estimate ingestion rates or responses of individual
birds.

C.9.7 Secondary Stressors

This section discusses potential effects on birds exposed to stressors indirectly through effects
on habitat and prey availability.

C.9.7.1 Effects on Habitat

The potential indirect effect of water quality, air quality, and abiotic habitat stressors
associated with training and testing activities as a secondary stressor to birds was discussed.
The assessment of potential water, air quality, and abiotic habitat stressors is discussed in
previous sections in this SEIS/OEIS (Section 3.1, Section 3.2, and Section 3.3). These analyses
address specific activities in local environments that may affect bird habitats. At-sea activities
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that may affect water and air include general emissions, and at-sea activities that may affect
habitats include explosives and physical disturbance and strike.

As noted in Section 3.1, Section 3.2, and Section 3.3, implementation of the No Action
Alternative, Alternative 1, or Alternative 2 would minimally affect sediments, water, air quality,
or habitats, and therefore would not indirectly affect seabirds as secondary stressors.
Furthermore, any physical effects on seabird habitats would be temporary and localized
because training and testing activities would occur infrequently. These activities would not be
expected to have any adverse effects on seabirds or seabird habitats.

Indirect effects on sediments, water or air quality under Alternative 1 or Alternative 2 would
have no effect on ESA-listed bird species due to: (1) the temporary nature of effects on
sediments, water, or air quality, (2) the distribution of temporary sediments, water, or air
quality effects, (3) the wide distribution of birds in the Study Area, and (4) the dispersed spatial
and temporal nature of the training and testing activities that may have temporary sediments,
water, or air quality effects. No long-term or population-level effects are expected.

C.9.7.2 Effects on Prey Availability

As noted in Section 3.8 and Section 3.9, implementation of the No Action Alternative,
Alternative 1, or Alternative 2 would not adversely affect populations of invertebrate or fish
prey resources (e.g., crustaceans, bivalves, worms, sand lance, herring) of birds and therefore
would not indirectly affect birds as secondary stressors. Any effects on seabird prey resources
would be temporary and localized. Furthermore, as discussed above, these activities are
expected to have minimal effects on bird habitats. Additional detail is provided below.

As discussed in Table B-1 in Appendix B (Activity Stressor Matrices), effects on invertebrate prey
availability resulting from explosives, explosives byproducts, unexploded munitions, metals,
and chemicals would likely be negligible overall and population-level effects on marine
invertebrates are not expected. Because individuals of many invertebrate taxa prey on other
invertebrates, mortality 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 minor reduction
in the number of fish available. However, the effect is expected to be small and discountable.
Any vertebrate or invertebrate animal killed or significantly impaired by military readiness
activities could potentially represent a temporary increase in food availability for scavenging
invertebrates. None of the effects described above would likely be detectable at the population
or subpopulation level.

Prey species might exhibit a strong startle reaction to detonations that might include swimming
to the surface or scattering away from the source. This startle and flight response is the most
common secondary defense among animals (Hanlon & Messenger, 1996). The sound from
underwater explosions might induce startle reactions and temporary dispersal of schooling
fishes if they are within close proximity to an explosion (Popper et al., 2014; Wright, 1982),
which in turn could make them more visible to predators (Kastelein et al., 2008). The
abundances of fish and invertebrate prey species near the detonation point could be
diminished for a short period before being repopulated by animals from adjacent waters.
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Alternatively, any prey species that would be directly injured or killed by the blast could draw in
scavengers from the surrounding waters that would feed on those organisms, who in turn could
be susceptible to becoming directly injured or killed by subsequent explosions. Any of these
scenarios would be temporary, only occurring during activities involving explosives, and no
lasting effect on prey availability or the food web would be expected. Indirect effects of
underwater detonations and high explosive munitions use under the Proposed Action would
not result in a decrease in the quantity or quality of fish populations in the Study Area.

Based on Sections 3.4 and 3.6, project-related stressors would not affect populations of
invertebrates and fishes that support birds in the Study Area. Therefore, no secondary effects
associated with prey availability are expected.
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