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BIOLOGICAL RESOURCE METHODS

Appendix H outlines the conceptual framework for assessing effects on biological resources from
sound-producing activities, energy-producing activities, physical disturbance or strike, entanglement,
and ingestion.

H.1 CONCEPTUAL FRAMEWORK FOR ASSESSING EFFECTS FROM SOUND-PRODUCING
ACTIVITIES
This conceptual framework describes the different types of effects that are possible and the potential
relationships between sound stimuli and long-term consequences for the individual and population. The
conceptual framework is central to the assessment of acoustic-related effects and is consulted multiple
times throughout the process. It describes potential effects and the pathways by which an acoustic
stimulus or sound-producing activity can potentially affect animals. The conceptual framework
qualitatively describes costs to the animal (e.g., expended energy or missed feeding opportunity) that
may be associated with specific reactions. Finally, the conceptual framework outlines the conditions that
may lead to long-term consequences for the individual and population if the animal cannot fully recover
from the short-term effects. Within each biological resource section (e.g., marine mammals, birds, and
fish,) the detailed methods to predict effects to specific taxa are derived from this conceptual
framework.
An animal is considered “exposed” to a sound if the received sound level at the animal’s location is
above the background ambient noise level within a similar frequency band. A variety of effects may
result from exposure to sound-producing activities. The severity of these effects can vary greatly
between minor effects that have no real cost to the animal, to more severe effects that may have lasting
consequences. Whether a marine animal is significantly affected must be determined from the best
available scientific data regarding the potential physiological and behavioral responses to
sound-producing activities and the possible costs and long-term consequences of those responses.
The major categories of potential effects are:






Direct trauma
Auditory fatigue
Auditory masking
Behavioral reactions
Physiological stress

Direct trauma refers to injury to organs or tissues of an animal as a direct result of an intense sound
wave or shock wave impinging upon or passing through its body. Potential impacts on an animal’s
internal tissues and organs are assessed by considering the characteristics of the exposure and the
response characteristics of the tissues. Trauma can be mild and fully recoverable, with no long-term
repercussions to the individual or population, or more severe, with the potential for lasting effects or, in
some cases, mortality.
Auditory fatigue may result from over-stimulation of the delicate hair cells and tissues within the
auditory system. The most familiar effect of auditory fatigue is hearing loss, also called a noise-induced
threshold shift, meaning an increase in the hearing threshold.
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Audible natural and artificial sounds can potentially result in auditory masking, a condition that occurs
when noise interferes with an animal’s ability to hear other sounds and may affect the animal’s ability to
communicate, such as requiring the animal to adjust the frequency or loudness of its call. Masking
occurs when the perception of a sound is interfered with by a second sound, and the probability of
masking increases as the two sounds increase in similarity and the masking sound increases in level. It is
important to distinguish auditory fatigue, which persists after the sound exposure, from masking, which
occurs only during the sound exposure.
Marine animals naturally experience physiological stress as part of their normal life histories. Changing
weather and ocean conditions, exposure to diseases and naturally occurring toxins, lack of prey
availability, social interactions with conspecifics (members of the same species), and interactions with
predators all contribute to the stress a marine animal naturally experiences. The physiological response
to a stressor, often termed the stress response, is an adaptive process that helps an animal cope with
changing external and internal environmental conditions. However, too much of a stress response can
be harmful to an animal, resulting in physiological dysfunction. In some cases, naturally occurring
stressors can have profound impacts on animals. Sound-producing activities have the potential to
provide additional stress, which must be considered, not only for its direct impact on an animal’s
behavior but also for contributing to an animal’s chronic stress level.
A sound-producing activity can cause a variety of behavioral reactions in animals ranging from very
minor and brief, to more severe reactions such as aggression or prolonged flight. The acoustic stimuli
can cause a stress reaction (i.e., startle or annoyance); they may act as a cue to an animal that has
experienced a stress reaction in the past to similar sounds or activities, or that acquired a learned
behavioral response to the sounds from conspecifics. An animal may choose to deal with these stimuli
or ignore them based on the severity of the stress response, the animal’s past experience with the
sound, as well as other stimuli present in the environment. If an animal chooses to react to the acoustic
stimuli, then the behavioral responses fall into two categories: alteration of an ongoing behavior pattern
or avoidance. The specific type and severity of these reactions helps determine the costs and ultimate
consequences to the individual and population.

H.2 FLOWCHART
Figure H.2-1 is a flowchart that diagrams the process used to evaluate the potential effects on marine
animals from sound-producing activities. The shape and color of each box on the flowchart represent
either a decision point in the analysis (green diamonds); specific processes such as responses, costs, or
recovery (blue rectangles); external factors to consider (purple parallelograms); and final outcomes for
the individual or population (orange ovals and rectangles). Each box is labeled for reference throughout
the appendix. For simplicity, sound is used to include not only acoustic waves but also shock waves
generated from explosive sources. The supporting text in the appendix clarifies those instances where it
is necessary to distinguish between the two phenomena.
Box A1, the Sound-Producing Activity, is the source of the sound stimuli and therefore the starting point
in the analysis. Each of the five major categories of potential effects (i.e., direct trauma, auditory fatigue,
masking, behavioral response, and stress) are presented as pathways that flow from left to right across
the diagram. Pathways are not exclusive, and each must be followed until it can be concluded that an
animal is not at risk for that specific effect. The vertical columns show the steps in the analysis used to
examine each of the effects pathways. These steps proceed from the stimuli, to the physiological
responses, to any potential behavioral responses, to the costs to the animal, to the recovery of the
animal, and finally to the long-term consequences for the individual and population.
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Figure H.2-1: Flow Chart of the Evaluation Process of Sound-Producing Activities
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H.2.1 STIMULI
The first step in predicting whether a sound-producing activity is capable of causing an effect on a
marine animal is to define the stimuli experienced by the animal. The stimuli include the
sound-producing activity, the surrounding acoustical environment, and the characteristics of the sound
when it reaches the animal, and whether the animal can detect the sound.
Sounds emitted from a sound-producing activity (Box A1) travel through the environment to create a
spatially variable sound field. There can be any number of individual sound sources in a given activity,
each with its own unique characteristics. For example, a Navy training exercise may involve several ships
and aircraft, several types of sonar, and several types of ordnance. Each of the individual sound sources
has unique characteristics: source level, frequency, duty cycle, duration, and rise-time (i.e., impulsive vs.
non-impulsive). Each source also has a range, depth/altitude, bearing and directionality, and movement
relative to the animal.
Environmental factors such as temperature, salinity, bathymetry, bottom type, and sea state all impact
how sound spreads through the environment and how sound decreases in amplitude between the
source and the receiver (individual animal). Mathematical calculations and computer models are used to
predict how the characteristics of the sound will change between the source and the animal under a
range of realistic environmental conditions for the locations where sound-producing activities occur.
The details of the overall activity may also be important to place the potential effects into context and
help predict the range of severity of the probable reactions. The overall activity level (e.g., number of
ships and aircraft involved in exercise); the number of sound sources within the activity; the activity
duration; and the range, bearing, and movement of the activity relative to the animal are all considered.
The received sound at the animal and the number of times the sound is experienced (i.e., repetitive
exposures) (Box A2) determines the range of possible effects. Sounds that are higher than the ambient
noise level and within an animal’s hearing sensitivity range (Box A3) have the potential to cause effects.
Very high exposure levels may have the potential to cause trauma; high-level exposures, long-duration
exposures, or repetitive exposures may potentially cause auditory fatigue; lower-level exposures may
potentially lead to masking; all perceived levels may lead to stress; and many sounds, including sounds
that are not detectable by the animal, would have no effect (Box A4).
H.2.2 PHYSIOLOGICAL RESPONSES
Physiological Responses include direct trauma, hearing loss, auditory masking, and stress. The
magnitude of the involuntary response is predicted based on the characteristics of the acoustic stimuli
and the characteristics of the animal (species, susceptibility, life history stage, size, and past
experiences).
Trauma

Physiological responses to sound stimulation may range from mechanical vibration (with no resulting
adverse effects) to tissue trauma (injury). Direct trauma (Box B1) refers to the direct injury of tissues and
organs by sound waves impinging upon or traveling through an animal's body. Marine animals’ bodies,
especially their auditory systems, are well adapted to large hydrostatic pressures and large, but
relatively slow, pressure changes that occur with changing depth. However, mechanical trauma may
result from exposure to very-high-amplitude sounds when the elastic limits of the auditory system are
exceeded or when animals are exposed to intense sounds with very rapid rise times, such that the
tissues cannot respond adequately to the rapid pressure changes. Trauma to marine animals from sound
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exposure requires high received levels. Trauma effects therefore normally only occur with
very-high-amplitude, often impulsive, sources, and at relatively close range, which limits the number of
animals likely exposed to trauma-inducing sound levels.
Direct trauma includes both auditory and non-auditory trauma. Auditory trauma is the direct mechanical
injury to hearing-related structures, including tympanic membrane rupture, disarticulation of the middle
ear ossicles, and trauma to the inner ear structures such as the organ of Corti and the associated hair
cells. Auditory trauma differs from auditory fatigue in that the latter involves the overstimulation of the
auditory system at levels below those capable of causing direct mechanical damage. Auditory trauma is
always injurious but can be temporary. One of the most common consequences of auditory trauma is
hearing loss (see below).
Non-auditory trauma can include hemorrhaging of small blood vessels and the rupture of gas-containing
tissues such as the lung, swim bladder, or gastrointestinal tract. After the ear (or other sound-sensing
organs), these are usually the most sensitive organs and tissues to acoustic trauma. An animal’s size and
anatomy are important in determining its susceptibility to trauma (Box B2), especially non-auditory
trauma. Larger size indicates more tissue to protect vital organs that might be otherwise susceptible
(i.e., there is more attenuation of the received sound before it impacts non-auditory structures).
Therefore, larger animals should be less susceptible to trauma than smaller animals. In some cases,
acoustic resonance of a structure may enhance the vibrations resulting from noise exposure and result
in an increased susceptibility to trauma. Resonance is a phenomenon that exists when an object is
vibrated at a frequency near its natural frequency of vibration, or the particular frequency at which the
object vibrates most readily. The size, geometry, and material composition of a structure determine the
frequency at which the object will resonate. The potential for resonance is determined by comparing the
sound frequencies with the resonant frequency and damping of the tissues. Because most biological
tissues are heavily damped, the increase in susceptibility from resonance is limited.
Vascular and tissue bubble formation resulting from sound exposure is a hypothesized mechanism of
indirect trauma to marine animals. The risk of bubble formation from one of these processes, called
rectified diffusion, is based on the amplitude, frequency, and duration of the sound (Crum and Mao
1996) and an animal’s tissue nitrogen gas saturation at the time of the exposure. Rectified diffusion is
the growth of a bubble that fluctuates in size because of the changing pressure field caused by the
sound wave. An alternative, but related, hypothesis has also been suggested: stable microbubbles could
be destabilized by high-level sound exposures such that bubble growth then occurs through static
diffusion of gas out of gas-supersaturated tissues. Bubbles have also been hypothesized to result from
changes in the dive behavior of marine mammals as a result of sound exposure (Jepson et al. 2003).
Vascular bubbles produced by this mechanism would not be a physiological response to the sound
exposure, but a cost to the animal because of the change in behavior (Section H.2.4, Costs to the
Animal). Under either of these hypotheses, several things could happen: (1) bubbles could grow to the
extent that vascular blockage (emboli) and tissue hemorrhage occur, (2) bubbles could develop to the
extent that a complement immune response is triggered or the nervous tissue is subjected to enough
localized pressure that pain or dysfunction occurs, or (3) the bubbles could be cleared by the lung
without negative consequence to the animal. Although rectified diffusion is a known phenomenon, its
applicability to diving marine animals exposed to sound is questionable; animals would need to be highly
supersaturated with gas and very close to a high-level sound source (Crum et al. 2005). The other two
hypothesized phenomena are largely theoretical and have not been demonstrated under realistic
exposure conditions.

APPENDIX H BIOLOGICAL RESOURCE METHODS

H-5

MARIANA ISLANDS TRAINING AND TESTING FINAL EIS/OEIS

MAY 2015

Auditory Fatigue

Auditory fatigue is a reduction in hearing ability resulting from overstimulation to sounds. The
mechanisms responsible for auditory fatigue differ from auditory trauma and may consist of a variety of
mechanical and biochemical processes, including physical damage or distortion of the tympanic
membrane (not including tympanic membrane rupture) and cochlear hair cell stereocilia, oxidative
stress-related hair cell death, changes in cochlear blood flow, and swelling of cochlear nerve terminals
resulting from glutamate excitotoxicity (Henderson et al. 2006; Kujawa and Liberman 2009). Although
the outer hair cells are the most prominent target for fatigue effects, severe noise exposures may also
result in inner hair cell death and loss of auditory nerve fibers (Henderson et al. 2006). Auditory fatigue
is possibly the best studied type of effect from sound exposures in marine and terrestrial animals,
including humans. The characteristics of the received sound stimuli are used and compared to the
animal’s hearing sensitivity and susceptibility to noise (Box A3) to determine the potential for auditory
fatigue.
Auditory fatigue manifests itself as hearing sensitivity loss, called a noise-induced threshold shift. A
threshold shift may be either permanent threshold shift (PTS), or temporary threshold shift (TTS). Note
that the term “auditory fatigue” is often used to mean a TTS; however, in this analysis, a more general
meaning to differentiate fatigue mechanisms (e.g., metabolic exhaustion and distortion of tissues) from
auditory trauma mechanisms (e.g., physical destruction of cochlear tissues occurring at the time of
exposure) is used.
The distinction between PTS and TTS is based on whether there is a complete recovery of hearing
sensitivity following a sound exposure. If the threshold shift eventually returns to zero (the animal’s
hearing returns to pre-exposure value), the threshold shift is a TTS. If the threshold shift does not return
to zero but leaves some finite amount of threshold shift, then that remaining threshold shift is a PTS.
Figure H.2-2 shows one hypothetical threshold shift that completely recovers, a TTS, and one that does
not completely recover, leaving some PTS.
The relationship between TTS and PTS is complicated and poorly understood, even in humans and
terrestrial mammals, where numerous studies failed to delineate a clear relationship between the two.
Relatively small amounts of TTS (e.g., less than 40–50 decibels [dB] measured 2 minutes after exposure)
will recover with no apparent long-term effects; however, terrestrial mammal studies revealed that
large amounts of TTS (e.g., approximately 40 dB measured 24 hours after exposure) can result in
permanent neural degeneration, despite the hearing thresholds returning to normal (Kujawa and
Liberman 2009). The amounts of TTS induced by Kujawa and Liberman (2009) were described as being
“at the limits of reversibility.” It is unknown whether smaller amounts of TTS can result in similar neural
degeneration, or if effects would translate to other species such as marine animals.
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TTS = temporary threshold shift
TS = threshold shift
PTS = permanent threshold shift

Figure H.2-2: Two Hypothetical Threshold Shifts

The amplitude, frequency, duration, and temporal pattern of the sound exposure are important
parameters for predicting the potential for auditory fatigue. Duration is particularly important because
auditory fatigue is exacerbated with prolonged exposure time. The frequency of the sound also plays an
important role in susceptibility to hearing loss. Experiments show that animals are most susceptible to
fatigue (Box B3) within their most sensitive hearing range. Sounds outside of an animal’s audible
frequency range do not cause fatigue.
The greater the degree of threshold shift, the smaller the ocean space within which an animal can detect
biologically relevant sounds and communicate. This is referred to as reducing an animal’s “acoustic
space.” This reduction can be estimated given the amount of threshold shift incurred by an animal.
Auditory and Communication Masking

Auditory masking occurs if the noise from an activity interferes with an animal’s ability to detect,
understand, elicit, or recognize biologically relevant sounds of interest (Box B4). “Noise” refers to
unwanted or unimportant sounds that mask an animal’s ability to hear “sounds of interest” and affect
an animal’s ability to generate sounds (or call). A sound of interest refers to a sound that is potentially
being detected. Sounds of interest include echolocation clicks; sounds from predators; natural, abiotic
sounds that may aid in navigation; and reverberation, which can give an animal information about its
location and orientation within the ocean. Sounds of interest are frequently generated by conspecifics
such as offspring, mates, and competitors.
The frequency, received level, and duty cycle of the noise determine the potential degree of auditory
masking. Similar to hearing loss, the greater the degree of masking, the smaller the ocean space within
which an animal can detect biologically relevant sounds.
Physiological Stress

If a sound is detected (i.e., heard or sensed) by an animal, a stress response can occur (Box B7); or the
sound can cue or alert the animal (Box B6) without a direct, measurable stress response. If an animal
suffers trauma or auditory fatigue, a physiological stress response will occur (Box B8). A stress response
is a physiological change resulting from a stressor that is meant to help the animal deal with the
stressor. The generalized stress response is characterized by a release of hormones (Reeder and Kramer
2005); however, it is now acknowledged that other chemicals produced in a stress response (e.g., stress
markers) exist. For example, a release of reactive oxidative compounds, as occurs in noise-induced
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hearing loss (Henderson et al. 2006), occurs in response to some acoustic stressors. Stress hormones
include those produced by the sympathetic nervous system, norepinephrine and epinephrine (i.e., the
catecholamines), which produce elevations in the heart and respiration rate, increase awareness, and
increase the availability of glucose and lipid for energy. Other stress hormones are the glucocorticoid
steroid hormones cortisol and aldosterone, which are produced by the adrenal gland. These hormones
are classically used as an indicator of a stress response and to characterize the magnitude of the stress
response (Hennessy et al. 1979). Oxidative stress occurs when reactive molecules, called reactive oxygen
species, are produced in excess of molecules that counteract their activity (i.e., antioxidants).
An acute stress response is traditionally considered part of the startle response and is hormonally
characterized by the release of the catecholamines. Annoyance type reactions may be characterized by
the release of either or both catecholamines and glucocorticoid hormones. Regardless of the
physiological changes that make up the stress response, the stress response may contribute to an
animal’s decision to alter its behavior. Alternatively, a stimulus may not cause a measurable stress
response but may act as an alert or cue to an animal to change its behavior. This response may occur
because of learned associations; the animal may have experienced a stress reaction in the past to similar
sounds or activities (Box C4), or it may have learned the response from conspecifics. The severity of the
stress response depends on the received sound level at the animal (Box A2); the details of the soundproducing activity (Box A1); the animal’s life history stage (e.g., juvenile or adult; breeding or feeding
season) (Box B5); and the animal’s past experience with the stimuli (Box B5). These factors would be
subject to individual variation, as well as variation within an individual over time.
An animal’s life history stage is an important factor to consider when predicting whether a stress
response is likely (Box B5). An animal’s life history stage includes its level of physical maturity (i.e., larva,
infant, juvenile, sexually mature adult) and the primary activity in which it is engaged such as mating,
feeding, or rearing/caring for young. Animals engaged in a critical life activity such as mating or feeding
may have a lesser stress response than an animal engaged in a more flexible activity such as resting or
migrating (i.e., an activity that does not necessarily depend on the availability of resources). The
animal’s past experiences with the stimuli or similar stimuli are another important consideration. Prior
experience with a stressor may be of particular importance because repeated experience with a stressor
may dull the stress response via acclimation (St. Aubin and Dierauf 2001) or increase the response via
sensitization.
H.2.3 BEHAVIORAL RESPONSES
Any number of Behavioral Responses can result from a physiological response. An animal responds to
the stimulus based on a number of factors in addition to the severity of the physiological response. An
animal’s experience with the sound (or similar sounds), the context of the acoustic exposure, and the
presence of other stimuli contribute to determining its reaction from a suite of possible behaviors.
Behavioral responses fall into two major categories: alterations in natural behavior patterns, and
avoidance. These types of reactions are not mutually exclusive, and many overall reactions may be
combinations of behaviors or a sequence of behaviors. Severity of behavioral reactions can vary
drastically between minor and brief reorientations of the animal to investigate the sound, to severe
reactions such as aggression or prolonged flight. The type and severity of the behavioral response will
determine the cost to the animal.
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Trauma and Auditory Fatigue

Direct trauma and auditory fatigue increases the animal’s physiological stress (Box B8), which feeds into
the stress response (Box B7). Direct trauma and auditory fatigue increase the likelihood or severity of a
behavioral response and increase an animal's overall physiological stress level (Box D10).
Auditory Masking

A behavior decision is made by the animal when the animal detects increased background noise, or
possibly when the animal recognizes that biologically relevant sounds are being masked (Box C1). An
animal’s past experience with the sound-producing activity or similar acoustic stimuli can affect its
choice of behavior during auditory masking (Box C4). Competing and reinforcing stimuli may also affect
its decision (Box C5).
An animal may exhibit a passive behavioral response when coping with auditory masking (Box C2). It
may simply not respond and keep conducting its current natural behavior. An animal may also stop
calling until the background noise decreases. These passive responses do not present a direct energetic
cost to the animal; however, auditory masking will continue, depending on the acoustic stimuli.
An animal may to actively compensate for auditory masking (Box C3). An animal can vocalize more
loudly to make its signal heard over the masking noise. An animal may also shift the frequency of its
vocalizations away from the frequency of the masking noise. This shift can actually reduce the masking
effect for the animal and other animals that are “listening” in the area. For example, in marine
mammals, vocalization changes have been reported from exposure to human-generated noise sources
such as sonar, vessel noise, and seismic surveying. Changes included mimicry of the sound, cessation of
vocalization, increases and decreases in vocalization length, increases and decreases in vocalization rate,
and increases in vocalization frequency and level, while other animals showed no significant changes in
the presence of human-generated sound.
An animal’s past experiences can be important in determining what behavior decision it may make when
dealing with auditory masking (Box C4). Past experience can be with the sound-producing activity itself
or with similar acoustic stimuli. For example, an animal may modify its vocalizations to reduce the
effects of masking noise.
Other stimuli present in the environment can influence an animal’s behavior decision (Box C5). These
stimuli can be other acoustic stimuli not directly related to the sound-producing activity; they can be
visual, olfactory, or tactile stimuli; the stimuli can be conspecifics or predators in the area; or the stimuli
can be the strong drive to engage in a natural behavior. In some cases, natural motivations may
suppress any behavioral reactions elicited by the acoustic stimulus. For example, an animal involved in
mating or foraging may not react with the same degree of severity as it may have otherwise. Reinforcing
stimuli reinforce the behavioral reaction caused by acoustic stimuli. For example, awareness of a
predator in the area coupled with the acoustic stimuli may elicit a stronger reaction than the acoustic
stimuli itself otherwise would have. The visual stimulus of seeing ships and aircraft, coupled with the
acoustic stimuli, may also increase the likelihood or severity of a behavioral response.
Behavioral Reactions and Physiological Stress

A physiological stress response (Box B7) such as an annoyance or startle reaction, or a cueing or alerting
reaction (Box B6) may cause an animal to make a behavior decision (Box C6). Any exposure that
produces an injury or auditory fatigue is also assumed to produce a stress response (Box B7) and
increase the severity or likelihood of a behavioral reaction. Both an animal's past experience (Box C4)
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and competing and reinforcing stimuli (Box C5) can affect an animal's behavior decision. The decision
can result in three general types of behavioral reactions: no response (Box C9), area avoidance (Box C8),
or alteration of a natural behavior (Box C7).
Little data exist that correlate specific behavioral reactions with specific stress responses. Therefore, in
practice, the likely range of behavioral reactions is estimated from the acoustic stimuli instead of the
magnitude of the stress response. It is assumed that a stress response must exist to alter a natural
behavior or cause an avoidance reaction. Estimates of the types of behavioral responses that could
occur for a given sound exposure can be determined from the literature.
An animal’s past experiences can be important in determining what behavior decision it may make when
dealing with a stress response (Box C4). Past experience can be with the sound-producing activity itself
or with similar sound stimuli. Bejder et al. (2009) define habituation as, “a process involving a reduction
in response over time as individuals learn that there are neither adverse nor beneficial consequences of
the occurrence of the stimulus.” An animal habituated to a particular stimulus may have a lesser (or no)
behavioral response to the stimulus compared to the first time the animal encountered the stimulus.
Sensitization is the opposite of habituation, and refers to an increase over time in an animal’s behavioral
response to a repeated or continuous stimulus (Bejder et al. 2009). An animal sensitized to a particular
stimulus exhibits an increasingly intense response to the stimulus (e.g., fleeing faster or farther),
because there are significant consequences for the animal. A related behavioral response, tolerance,
refers to an animal’s ability to endure, or tolerate, a disturbance without a defined response.
Habituation and sensitization are measured by the tolerance levels exhibited by animals; habituated
animals show a progressively increasing tolerance to stimuli whereas sensitized animals show a
progressively decreasing tolerance to stimuli (Bejder et al. 2009).
Other stimuli (Box C5) present in the environment can influence an animal’s behavior decision (Box C6).
These stimuli may not be directly related to the sound-producing activity, such as visual stimuli; the
stimuli can be conspecifics or predators in the area, or the stimuli can be the strong drive to engage or
continue in a natural behavior. In some cases, natural motivations (e.g., competing stimuli) may
suppress any behavioral reactions elicited by the acoustic stimulus. For example, an animal involved in
mating or foraging may not react with the same degree of severity as an animal involved in less-critical
behavior. Reinforcing stimuli reinforce the behavioral reaction caused by acoustic stimuli. For example,
the awareness of a predator in the area coupled with the acoustic stimuli may elicit a stronger reaction
than the acoustic stimuli themselves otherwise would have.
The visual stimulus of seeing human activities such as ships and aircraft maneuvering, coupled with the
acoustic stimuli, may also increase the likelihood or severity of a behavioral response. It is difficult to
separate the stimulus of the sound from the visual stimulus of the ship or platform creating the sound.
The sound may act as a cue, or as one stimulus of many that the animal is considering when deciding
how to react. An activity with several platforms (e.g., ships and aircraft) may elicit a different reaction
than an activity with a single platform, both with similar acoustic footprints. The total number of
vehicles and platforms involved, the size of the activity area, and the distance between the animal and
activity are important considerations when predicting behavioral responses.
An animal may reorient or become more vigilant if it detects a sound-producing activity (Box C7). Some
animals may investigate the sound using other sensory systems (e.g., vision), and perhaps move closer
to the sound source. Reorientation, vigilance, and investigation all require the animal to divert attention
and resources and therefore slow or stop their presumably beneficial natural behavior. This can be a
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very brief diversion, after which the animal continues its natural behavior, or an animal may not resume
its natural behaviors until after a longer period when the animal has habituated to or learned to tolerate
the sound or the activity has concluded. An intentional change via an orienting response represents
behaviors that would be considered mild disruption. More severe alterations of natural behavior would
include aggression or panic.
An animal may choose to leave or avoid an area where a sound-producing activity is taking place (Box
C8). Avoidance is the displacement of an individual from an area. A more severe form of this comes in
the form of flight or evasion. A flight response is a dramatic change in normal movement to a directed
and rapid movement away from the detected location of a sound source. Avoidance of an area can help
the animal avoid further acoustic effects by avoiding or reducing further exposure.
An animal may choose not to respond to a sound-producing activity (Box C9). The physiological stress
response may not rise to the level that would cause the animal to modify its behavior. The animal may
have habituated to the sound or simply learned through past experience that the sound is not a threat.
In this case a behavioral effect would not be predicted. An animal may choose not to respond to a
sound-producing activity in spite of a physiological stress response. Some combination of competing
stimuli may be present such as a robust food patch or a mating opportunity that overcomes the stress
response and suppresses any potential behavioral responses. If the noise-producing activity persists
over long periods or reoccurs frequently, the stress felt by animals could increase their chronic stress
levels.
H.2.4 COSTS TO THE ANIMAL
The potential costs to a marine animal from an involuntary or behavioral response include no
measurable cost, expended energy reserves, increased stress, reduced social contact, missed
opportunities to secure resources or mates, displacement, and stranding or severe evasive behavior
(which may potentially lead to secondary trauma or death). Animals suffer costs on a daily basis from a
host of natural situations such as dealing with predator or competitor pressure. If the costs to the
animal from an acoustic-related effect fall outside of its normal daily variations, then individuals must
recover from significant costs to avoid long-term consequences.
Trauma

Trauma or injury to an animal may reduce its ability to secure food by reducing its mobility or the
efficiency of its sensory systems, make the injured individual less attractive to potential mates, or
increase an individual’s chances of contracting diseases or falling prey to a predator (Box D2). A severe
trauma can lead to the death of the individual (Box D1).
Auditory Fatigue and Auditory Masking

Auditory fatigue and masking can impair an animal’s ability to hear biologically important sounds (Box
D3), especially fainter and distant sounds. Sounds could belong to conspecifics such as other individuals
in a social group (e.g., pod, school, etc.), potential mates, potential competitors, or parents/offspring.
Biologically important sounds could also be an animal’s own biosonar echoes used to detect prey,
sounds from predators, and sounds from the physical environment. Therefore, auditory masking or a
hearing loss could reduce an animal's ability to contact social groups, offspring, or parents; and reduce
opportunities to detect or attract more distant mates. Animals may also use sounds to gain information
about their physical environment by detecting the reverberation of sounds in the underwater space or
sensing the sound of crashing waves on a nearby shoreline. These cues could be used by some animals
to migrate long distances or navigate their immediate environment. Therefore, an animal's ability to
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navigate may be impaired if the animal uses acoustic cues from the physical environment to help
identify its location. Auditory masking and fatigue both effectively reduce the animal’s acoustic space
and the ocean volume in which detection and communication are effective.
An animal that modifies its vocalization in response to auditory masking could incur a cost (Box D4).
Modifying vocalizations may cost the animal energy from its finite energy budget, interfere with the
behavioral function of a call, or reduce a signaler’s apparent quality as a mating partner. For example,
songbirds that shift their calls up an octave to compensate for increased background noise attract fewer
or less-desirable mates, and many terrestrial species advertise body size and quality with low-frequency
vocalizations (Slabbekoorn and Ripmeester 2008). Increasing the frequency of these vocalizations could
reduce a signaler’s attractiveness in the eyes of potential mates even as it improves the overall
detectability of the call.
Auditory masking or auditory fatigue may also lead to no measurable costs for an animal. Masking could
be of short duration or intermittent so that continuous or repeated biologically important sounds are
received by the animal between masking noise. Auditory fatigue could also be inconsequential for an
animal if the frequency range affected is not critical for that animal to hear within, or the auditory
fatigue is of such short duration (a few minutes) that there are no costs to the individual.
Behavioral Reactions and Physiological Stress

An animal that alters its natural behavior in response to stress or an auditory cue may slow or cease its
presumably beneficial natural behavior and instead expend energy reacting to the sound-producing
activity (Box D5). Beneficial natural behaviors include feeding, breeding, sheltering, and migrating. The
cost of feeding disruptions depends on the energetic requirements of individuals and the potential
amount of food missed during the disruption. Alteration in breeding behavior can result in delaying
reproduction. The costs of a brief interruption to migrating or sheltering are less clear. Most behavior
alterations also require the animal to expend energy for a nonbeneficial behavior. The amount of energy
expended depends on the severity of the behavioral response.
An animal that avoids a sound-producing activity may expend additional energy moving around the
area, be displaced to poorer resources, miss potential mates, or have social interactions affected
(Box D6). Avoidance reactions can cause an animal to expend energy. The amount of energy expended
depends on the severity of the behavioral response. Missing potential mates can result in delaying
reproduction. Social groups or pairs of animals, such as mates or parent/offspring pairs, could be
separated during a severe behavioral response such as flight. Offspring that depend on their parents
may die if they are permanently separated. Splitting up an animal group can result in a reduced group
size, which can have secondary effects on individual foraging success and susceptibility to predators.
Some severe behavioral reactions can lead to stranding (Box D7) or secondary trauma (Box D8). Animals
that take prolonged flight, a severe avoidance reaction, may injure themselves or strand in an
environment for which they are not adapted. Some trauma is likely to occur to an animal that strands
(Box D8). Trauma can reduce the animal’s ability to secure food and mates, and increase the animal’s
susceptibility to predation and disease (Box D2). An animal that strands and does not return to a
hospitable environment quickly will likely die (Box D9).
Elevated stress levels may occur whether or not an animal exhibits a behavioral response (Box D10).
Even while undergoing a stress response, competing stimuli (e.g., food or mating opportunities) may
overcome an animal’s initial stress response during the behavior decision. Regardless of whether the
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animal displays a behavioral reaction, this tolerated stress could incur a cost to the animal. Reactive
oxygen species produced during normal physiological processes are generally counterbalanced by
enzymes and antioxidants; however, excess stress can result in an excess production of reactive oxygen
species, leading to damage of lipids, proteins, and nucleic acids at the cellular level (Sies 1997; Touyz
2004).
H.2.5 RECOVERY
The predicted recovery of the animal (Box E1) is based on the cost of any masking or behavioral
response and the severity of any involuntary physiological reactions (e.g., direct trauma, hearing loss, or
increased chronic stress). Many effects are fully recoverable upon cessation of the sound-producing
activity, and the vast majority of effects are completely recoverable over time; whereas a few effects
may not be fully recoverable. The availability of resources and the characteristics of the animal play a
critical role in determining the speed and completeness of recovery.
Available resources fluctuate by season, location, and year and can play a major role in an animal’s rate
of recovery (Box E2). Plentiful food can aid in a quicker recovery, whereas recovery can take much
longer if food resources are limited. If many potential mates are available, an animal may recover
quickly from missing a single mating opportunity. Refuge or shelter is also an important resource that
may give an animal an opportunity to recover or repair after an incurred cost or physiological response.
An animal’s health, energy reserves, size, life history stage, and resource gathering strategy affect its
speed and completeness of recovery (Box E3). Animals that are in good health and have abundant
energy reserves before an effect will likely recover more quickly. Adult animals with stored energy
reserves (e.g., fat reserves) may have an easier time recovering than juveniles that expend their energy
growing and developing and have less in reserve. Large individuals and large species may recover more
quickly, also due to having more potential for energy reserves. Animals that gather and store resources,
perhaps fasting for months during breeding or offspring rearing seasons, may have a more difficult time
recovering from being temporarily displaced from a feeding area than an animal that feeds year round.
Damaged tissues from mild to moderate trauma may heal over time. The predicted recovery of direct
trauma is based on the severity of the trauma, availability of resources, and characteristics of the
animal. After a sustained injury an animal’s body attempts to repair tissues. The animal may also need to
recover from any potential costs due to a decrease in resource gathering efficiency and any secondary
effects from predators or disease (Box E1). Moderate to severe trauma that does not cause mortality
may never fully heal.
Small to moderate amounts of hearing loss may recover over a period of minutes to days, depending on
the nature of the exposure and the amount of initial threshold shift. Severe noise-induced hearing loss
may not fully recover, resulting in some amount of permanent hearing loss.
Auditory masking only occurs when the sound source is operating; therefore, direct masking effects stop
immediately upon cessation of the sound-producing activity (Box E1). Natural behaviors may resume
shortly after or even during the acoustic stimulus after an initial assessment period by the animal. Any
energetic expenditures and missed opportunities to find and secure resources incurred from masking or
a behavior alteration may take some time to recover.
Animals displaced from their normal habitat due to an avoidance reaction may return over time and
resume their natural behaviors, depending on the severity of the reaction and how often the activity is
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repeated in the area. In areas of repeated and frequent acoustic disturbance, some animals may
habituate to or learn to tolerate the new baseline or fluctuations in noise level. More sensitive species,
or animals that may have been sensitized to the stimulus over time due to past negative experiences,
may not return to an area. Other animals may return but not resume use of the habitat in the same
manner as before the acoustic-related effect. For example, an animal may return to an area to feed or
navigate through it to get to another area, but that animal may no longer seek that area as refuge or
shelter.
Frequent milder physiological responses to an individual may accumulate over time if the time between
sound-producing activities is not adequate to give the animal an opportunity to fully recover. An
increase in an animal's chronic stress level is also possible if stress caused by a sound-producing activity
does not return to baseline between exposures. Each component of the stress response is variable in
time, and stress hormones return to baseline levels at different rates. For example, adrenaline is
released almost immediately and is used or cleared by the system quickly, whereas glucocorticoid and
cortisol levels may take long periods (i.e., hours to days) to return to baseline.
H.2.6 LONG-TERM CONSEQUENCES TO THE INDIVIDUAL AND THE POPULATION
The magnitude and type of effect and the speed and completeness of recovery must be considered in
predicting long-term consequences to the individual animal and its population (Box E). Animals that
recover quickly and completely from explosive or acoustic-related effects will likely not suffer reductions
in their health or reproductive success, or experience changes in habitat utilization (Box F2). No
population-level effects would be expected if individual animals do not suffer reductions in their lifetime
reproductive success or change their habitat utilization (Box G2).
Animals that do not recover quickly and fully could suffer reductions in their health and lifetime
reproductive success; they could be permanently displaced or change how they utilize the environment;
or they could die (Box F1).
Severe injuries can lead to reduced survivorship (longevity), elevated stress levels, and prolonged
alterations in behavior that can reduce an animal’s lifetime reproductive success. An animal with
decreased energy stores or a lingering injury may be less successful at mating for one or more breeding
seasons, thereby decreasing the number of offspring produced over its lifetime.
An animal whose hearing does not recover quickly and fully could suffer a reduction in lifetime
reproductive success, because it may no longer be able to detect the calls of a mate as well as it could
prior to losing hearing sensitivity (Box F1). This example underscores the importance of the frequency of
sound associated with the hearing loss and how the animal relies on those frequencies (e.g., for mating,
navigating, detecting predators). An animal with decreased energy stores or a PTS may be less successful
at mating for one or more breeding seasons, thereby decreasing the number of offspring it can produce
over its lifetime.
As mentioned above, the indirect effects of involuntary reaction of masking ends when the acoustic
stimuli conclude. The direct effects of auditory masking could have long-term consequences for
individuals if the activity was continuous or occurred frequently enough; however, most of the proposed
training and testing activities are normally spread over vast areas and occur infrequently in a specific
area.
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Missed mating opportunities can have a direct effect on reproductive success. Reducing an animal's
energy reserves over longer periods can directly reduce its health and reproductive success. Some
species may not enter a breeding cycle without adequate energy stores, and animals that do breed may
have a decreased probability of offspring survival. Animals displaced from their preferred habitat, or
those who utilize it differently, may no longer have access to the best resources. Some animals that
leave or flee an area during a noise-producing activity, especially an activity that is persistent or
frequent, may not return quickly or at all. This can further reduce an individual’s health and lifetime
reproductive success.
Frequent disruptions to natural behavior patterns may not allow an animal to fully recover between
exposures, which increase the probability of causing long-term consequences to individuals. Elevated
chronic stress levels are usually a result of a prolonged or repeated disturbance. Excess stress produces
reactive molecules in an animal's body that can result in cellular damage (Sies 1997; Touyz 2004).
Chronic elevations in the stress levels (e.g., cortisol levels) may produce long-term health consequences
that can reduce lifetime reproductive success.
These long-term consequences to the individual can lead to consequences for the population (Box G1).
Population dynamics and abundance play a role in determining how many individuals would need to
suffer long-term consequences before there was an effect on the population (Box G1). Long-term
abandonment or a change in the utilization of an area by enough individuals can change the distribution
of the population. Death has an immediate effect in that no further contribution to the population is
possible, which reduces the animal's lifetime reproductive success.
Carrying capacity describes the theoretical maximum number of animals of a particular species that the
environment can support. When a population nears its carrying capacity, the lifetime reproductive
success in individuals may decrease due to finite resources or predator-prey interactions. Population
growth is naturally limited by available resources and predator pressure. If one, or a few animals, in a
population are removed or gather fewer resources, then other animals in the population can take
advantage of the freed resources and potentially increase their health and lifetime reproductive success.
Abundant populations that are near their carrying capacity (theoretical maximum abundance) that
suffer effects to a few individuals may not be affected overall.
Populations that exist well below their carrying capacity (e.g., threatened or endangered species
populations) may suffer greater consequences from any lasting effects to even a few individuals.
Population-level consequences can include a change in the population dynamics, a decrease in the
growth rate, or a change in geographic distribution. Changing the dynamics of a population (the
proportion of the population within each age group) or their geographic distribution can also have
secondary effects on population growth rates.

H.3 CONCEPTUAL FRAMEWORK FOR ASSESSING EFFECTS FROM ENERGY-PRODUCING
ACTIVITIES
H.3.1 STIMULI
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
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predictable responses to exposure above or below detection thresholds. The types of electromagnetic
fields discussed are those from mine neutralization activities (magnetic influence minesweeping). The
only types of lasers considered for analysis were low to moderate lasers (e.g., targeting systems,
detection systems, laser light detection and ranging) that do not pose a risk to organisms (Swope 2010),
and therefore will not be discussed further.
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 impact were identified. The greatest potential electromagnetic energy exposure is at the
source, where intensity is greatest. The strength of the electromagnetic field decreases by the inverse
square law (e.g., if the distance from sensor to source increases by a factor of three, the field strength is
reduced by a factor of nine [32 = 9]). The greatest potential for high energy laser exposure is at the
ocean’s surface, where high energy laser intensity is greatest. As the laser penetrates the water,
96 percent of the beam is absorbed, scattered, or otherwise lost (Zorn 2000; Ulrich 2004).
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 particularly considered those species known to inhabit the surface of the
ocean.
H.3.2 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 or information are available to analyze potential impacts on organisms from exposure to
high energy lasers. As with humans, the greatest laser-related concern for marine species is damage to
an organism’s ability to see. High energy lasers may also burn the skin, but the threshold energy level for
eye damage is considerably lower, so the analysis considered that lower threshold. Recovery of the
individual from eye damage or skin lesion caused by high energy lasers would be based on the severity
of the injury and the incidence of secondary infection. Very few studies of this impact are available.
H.3.3 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 impacts on the
resource, and the ability of the population to recover from or adapt to impacts. Impacts of multiple or
repeated stressors on individuals are cumulative. When stressors are chronic, an organism may
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experience reduced growth, health, or survival, which could have population-level impacts (Billard et al.
1981), especially in the case of endangered species.

H.4 CONCEPTUAL FRAMEWORK FOR ASSESSING EFFECTS FROM PHYSICAL DISTURBANCE OR
STRIKE
H.4.1 STIMULI
Size and Weight of the Objects

To determine the likelihood of a strike and the potential impacts 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. Most small organisms and early life stages would simply be displaced by the
movement generated by a large object moving through, or falling into, the water because they are
planktonic (floating organisms) and move with the water; however, animals that occur at or near the
surface could be struck. A larger nonplanktonic organism could potentially be struck by an object since it
may not be displaced by the movement of the water. Sessile (nonmobile) organisms and habitats could
be struck by the object, albeit with less force, on the seafloor. 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).
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 impacts 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 impact.
Wherever appropriate, specific geographic areas of potential impact 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.
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. Once landed on the water
surface, buoyant objects have the potential to strike plants and organisms that occur on the sea surface
and negatively buoyant objects may strike plants and organisms within the water column or on the
seafloor.
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.
H.4.2 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

APPENDIX H BIOLOGICAL RESOURCE METHODS

H-17

MARIANA ISLANDS TRAINING AND TESTING FINAL EIS/OEIS

MAY 2015

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 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.
H.4.3 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 impacts on the
resource, and the ability of the population to recover from or adapt to impacts. Impacts of multiple or
repeated stressors on individuals are cumulative. When stressors are chronic, an organism may
experience reduced growth, health, or survival, which could have population-level impacts (Billard et al.
1981), especially in the case of endangered species.

H.5 CONCEPTUAL FRAMEWORK FOR ASSESSING EFFECTS FROM ENTANGLEMENT
H.5.1 STIMULI
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.
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 impact. Wherever appropriate, specific geographic areas of potential impact are identified.
Buoyancy of Objects

Evaluation of potential entanglement 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 torpedo guidance wires, sink rapidly to the seafloor. More
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buoyant materials include less dense items (e.g., decelerators/parachutes) that are weighted and would
sink slowly to the seafloor and could be entrained in currents.
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.
H.5.2 IMMEDIATE RESPONSE AND COSTS TO THE INDIVIDUAL
The potential impacts 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 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, and other sublethal or lethal impacts.
H.5.3 LONG-TERM CONSEQUENCES 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
impacts. Stress responses or infection from lacerations could lead to latent mortality. The analysis will
focus on reasonably foreseeable long-term consequences of the direct impact, particularly those that
could impact the fitness of an individual. Changes in an individual’s growth, survival, annual
reproductive success, or lifetime reproductive success could have population-level impacts if enough
individuals are impacted. This population-level impact would vary among species and taxonomic groups.

H.6 CONCEPTUAL FRAMEWORK FOR ASSESSING EFFECTS FROM INGESTION
H.6.1 STIMULI
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 impacts 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.
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 role in the
likelihood of impact. Wherever appropriate, specific geographic areas of potential impact were
identified.
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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 ordnance
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. 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.
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).
H.6.2 IMMEDIATE RESPONSE AND COSTS TO THE INDIVIDUAL
Potential impacts 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.
H.6.3 LONG-TERM CONSEQUENCES TO THE INDIVIDUAL AND POPULATION
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 impact, particularly those that could impact the fitness of an individual.
Changes in an individual’s growth, survival, annual reproductive success, or lifetime reproductive
success could have population-level impacts if enough individuals were impacted. This population-level
impact would vary among species and taxonomic groups.
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