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SEA TURTLES

SEA TURTLES SYNOPSIS
The United States Department of the Navy considered all potential stressors, and the following have
been analyzed for sea turtles:
•
•
•
•
•
•

Acoustic (sonar and other active acoustic sources; underwater explosives; swimmer defense
airguns; weapons firing, launch, and impact noise; vessel noise; and aircraft noise)
Energy (electromagnetic devices)
Physical disturbance and strike (vessels, in-water devices, military expended materials, and
seafloor devices)
Entanglement (fiber optic cables and guidance wires, and decelerators/parachutes)
Ingestion (munitions and military expended materials other than munitions)
Secondary (impacts associated with sediments and water quality)

Preferred Alternative (Alternative 1)1
• Acoustic: Pursuant to the Endangered Species Act (ESA), the use of sonar and other active
acoustic sources may affect and is likely to adversely affect ESA-listed green, hawksbill,
loggerhead, and leatherback sea turtles. The use of sonar and other active acoustic sources
may affect but is not likely to adversely affect ESA-listed olive ridley sea turtles. The use of
explosives may affect and is likely to adversely affect ESA-listed green and hawksbill sea
turtles, but is not likely to adversely affect ESA-listed loggerhead, olive ridley, and leatherback
sea turtles. The use of swimmer defense airguns would have no effect on ESA-listed green,
hawksbill, loggerhead, olive-ridley, and leatherback sea turtles. Weapons firing, launch, and
impact noise; vessel noise; and aircraft noise may affect but are not likely to adversely affect
green, hawksbill, loggerhead, olive-ridley, and leatherback sea turtles.
• Energy: Pursuant to the ESA, energy sources used during training and testing activities may
affect but are not likely to adversely affect the ESA-listed green, hawksbill, loggerhead, olive
ridley, and leatherback sea turtles.
• Physical Disturbance and Strike: Pursuant to the ESA, physical disturbance and strike stressors
may affect but are not likely to adversely affect the ESA-listed green, hawksbill, loggerhead,
olive ridley, and leatherback sea turtles.
• Entanglement: Pursuant to the ESA, fiber optic cables and guidance wires, and
decelerators/parachutes may affect but are not likely to adversely affect the ESA-listed green,
hawksbill, loggerhead, olive ridley, and leatherback sea turtles.
• Ingestion: Pursuant to the ESA, the potential for ingestion of munitions and military expended
materials other than munitions may affect but are not likely to adversely affect the ESA-listed
green, hawksbill, loggerhead, olive ridley and leatherback sea turtles.
• Secondary: Pursuant to the ESA, secondary stressors would not affect sea turtles because
changes in sediments and water quality from explosives, explosive byproducts and
unexploded ordnance, metals, and chemicals are not likely to be detectable, and no
detectable changes in growth, survival, propagation, or population-levels of sea turtles are
anticipated.
1

There is no critical habitat for any of the five listed sea turtles in the Study Area.
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INTRODUCTION

This section analyzes potential impacts on sea turtles found in the Mariana Islands Training and Testing
(MITT) Study Area (Study Area). Table 3.5-1 introduces the species presented in this analysis. Section
3.5.2 (Affected Environment) describes the affected environment. The analysis and summary of
potential impacts of the Proposed Action are provided in Sections 3.5.3 (Environmental Consequences)
and 3.5.4 (Summary of Impacts on Sea Turtles).
The status of sea turtle populations is determined primarily from assessments of the adult female
nesting population. Much less is known about other life stages of these species. The National Research
Council (National Research Council 2010) recently reviewed the current state of sea turtle research, and
concluded that relying too much on nesting beach data limits a more complete understanding of sea
turtles and the evaluation of management options for their overall health and recovery.
The five sea turtle species potentially found in the MITT Study Area are listed under the Endangered
Species Act (ESA) as endangered or threatened. Section 3.0 discusses the regulatory framework of the
ESA. The status, presence, and nesting occurrence of sea turtles in the MITT Study Area are listed by
region in Table 3.5-1. There is no critical habitat for any of the five listed sea turtles in the Study Area.
Table 3.5-1: Endangered Species Act Status and Presence of Endangered Species Act Listed Sea Turtles in the
Mariana Islands Training and Testing Study Area
Species Name and Regulatory Status
Common Name

Scientific Name

Presence in Study Area1, 7

Endangered
Species Act Status

Open
Ocean/Transit
Corridor

Coastal

Family Cheloniidae (hard‐shelled sea turtles)
Green sea turtle

Chelonia mydas

Endangered/
Threatened2

Yes

Yes5

Hawksbill sea turtle

Eretmochelys
imbricata

Endangered

Yes

Yes5

Loggerhead sea turtle

Caretta caretta

Endangered/
Threatened3

Yes6

Yes6

Olive ridley sea turtle

Lepidochelys olivacea

Endangered/
Threatened4

Yes6

Yes6

Endangered

Yes6

Yes6

Family Dermochelyidae (leatherback sea turtle)
Leatherback sea turtle

Dermochelys coriacea

1

MITT Study Area = Mariana Islands Training and Testing Study Area
Breeding populations of green sea turtles in Florida and on the Pacific coast of Mexico are listed as endangered, and all other
populations are listed as threatened. Both threatened and endangered populations could occur in the Study Area.
3
The Northeast Atlantic Ocean, Mediterranean Sea, North Indian Ocean, North Pacific Ocean, and South Pacific Ocean Distinct
Population Segments are listed as Endangered, and the Northwest Atlantic Ocean, South Atlantic Ocean, Southeast Indo-Pacific
Ocean and Southwest Indian Ocean Distinct Population Segments are listed as threatened.
4
Breeding populations of olive ridley turtles on the Pacific coast of Mexico are listed as endangered and all other populations are
listed as threatened. Both threatened and endangered populations could occur in the Study Area.
5
Indicates nesting activity within the Study Area. Only green sea turtles and hawksbill sea turtles are known to nest in the Study
Area.
6
Species occurrence is only expected during migratory movements through the MITT Study Area and therefore may be present,
albeit at extremely low densities.
7
Occurrence designations from the Marine Species Density Report (U.S. Department of the Navy 2012).
2
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AFFECTED ENVIRONMENT

Sea turtles are highly migratory, and are present in coastal and open ocean waters of the Study Area.
Most sea turtles generally inhabit tropical and temperate waters because they are poikilothermic, which
means their internal temperature varies with the environment and they need a warm environment to
help maintain body temperature. Leatherbacks are the exception, and are more likely to be found in
colder waters at higher latitudes because of their unique ability to maintain an internal body
temperature higher than that of the environment (Dutton 2006). Habitat use varies among species and
within the life stages of individual species, correlating primarily with the distribution of preferred food
sources, as well as the locations of nesting beaches.
Sea turtles use a variety of mechanisms and environmental cues to guide their movements on land and
at sea (Lohmann and Lohmann 1996b; Lohmann et al. 1997; Putnam et al. 2011). Hatchlings are strongly
attracted to light (Witherington and Bjorndal 1991), and use light wavelengths and shape patterns to
find the ocean after emerging from the nest (Lohmann et al. 1997; Witherington 1992). Once in the
ocean, hatchlings use wave energy to navigate offshore (Lohmann and Lohmann 1992). In the open
ocean, turtles determine their position and direction by using the earth’s magnetic field as a “magnetic
map”; this map helps them locate seasonal feeding and breeding grounds and return to the beaches
where they were born to nest (Fuxjager et al. 2011; Lohmann and Lohmann 2006; Lohmann et al. 1997).
The stimuli that help sea turtles find their nesting beaches are still poorly understood, particularly the
fine-scale navigation that occurs as turtles approach the site, and could also include chemical and
acoustic cues.
Sea turtles produce large numbers of offspring as an evolutionary response to environmental variability,
lack of parental care, and high levels of egg and hatchling mortality. Death is presumed to be highest
during this phase of development, due to predation of eggs and hatchlings and because of ocean
currents that sweep hatchlings into waters too cold for their survival (Conant et al. 2009). Depending on
the species, open-ocean juveniles can spend 2–14 years drifting, foraging, and developing. The
post-hatchling and early juvenile period has been described as “the lost years” because of a general lack
of information about this part of their life history (Witham 1980) during which the turtles remain in
oceanic waters, are free floating and opportunistically consume epipelagic prey (McClellan and Read
2007, Carr 1987, Bjorndal et al. 2000). Older juveniles remain in the open ocean, but are active feeders.
After this open ocean juvenile phase, hawksbill, loggerhead, and green sea turtles settle into coastal
habitats, and are dedicated to a specific home range until adulthood (McClellan and Read 2007, Bjorndal
and Bolten 1988, National Marine Fisheries Service and U.S. Fish and Wildlife Service 1991) Leatherback
and olive ridley turtles are thought to remain primarily in the open ocean throughout their lives, except
for when mating in coastal waters and when females come ashore to lay eggs. Adults of all species have
the ability to migrate long distances across large expanses of the open ocean, primarily between nesting
and feeding grounds.
Survival rates are believed to be highest during the adult stage because these turtles can protect
themselves more effectively from predators; juveniles, while still at risk from predators and fishery
interactions, are at less risk than hatchlings as they are generally not at risk from land-based and
nearshore sources of mortality due to their open ocean use at the juvenile stage (Conant et al. 2009).
3.5.2.1

Diving

Sea turtle dive depth and duration varies by species, the age of the animal, the location of the animal,
and the activity (foraging, resting, and migrating). The diving behavior of a particular species or
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individual has implications for our ability to detect them for mitigation and monitoring. In addition their
relative distribution through the water column is an important consideration when conducting acoustic
exposure analyses. The following text briefly describes the dive behavior of each species.
3.5.2.1.1

Green Sea Turtle

Four Pacific Ocean studies (Brill et al. 1995; Hatase et al. 2006; I-Jiunn 2009; Rice and Balazs 2008) and
one Atlantic study (Hays et al. 2000) assessed green turtle diving ability. Additional studies have been
performed in the Galapagos (Seminoff et al. 2008), Brazil (Godley et al. 2008), Caribbean (Blumenthal et
al. 2006), and Mediterranean (Godley et al. 2002). In the open ocean, Hatase et al. (2006) observed that
green turtles dove to a maximum of 265 feet (ft.) (80.8 meters [m]), although typically no greater than
131 ft. (39.9 m). Green turtles migrating between the northwestern and main Hawaiian Islands reached
a maximum depth greater than 445 ft. (135.6 m) at night (the deepest dives ever recorded for a green
turtle) with a mean maximum night dive depth of 115 to 164 ft. (35 to 50 m) but only 14.1 ft. (4.3 m)
during the day (Rice and Balazs 2008). In their coastal habitat, green turtles typically make dives
shallower than 100 ft. (30.5 m) (Godley et al. 2002, Hatase et al. 2006, Hays et al. 2000, Hochscheid et al.
2005) and often do not exceed 55 ft. (16.8 m) (Hays et al. 2000; Rice and Balazs 2008), although they are
known to feed and rest at depths of 65 to 165 ft. (19.8 to 50.3 m) (Balazs 1980; Brill et al. 1995).
Green turtle resting dives (i.e., more than 90 percent of dive time spent at maximum depth) can exceed
3.5 hours (Rice and Balazs 2008), but are generally less than 1 hour (I-Jiunn 2009). Feeding dives are
shorter, with maximum durations of just over an hour, and average durations up to 30 minutes (Brill
et al. 1995; I-Jiunn 2009).
3.5.2.1.2

Hawksbill Sea Turtle

Hawksbill foraging dive durations are often a function of turtle size, with larger turtles diving deeper and
longer. Shorter and more active foraging dives occur predominantly during the day, while longer resting
dives occur at night (Blumenthal et al. 2009; Storch et al. 2005; van Dam and Diez 1996). Lutcavage and
Lutz (1997) cited a maximum dive duration of 73.5 minutes for a female hawksbill in the United States
(U.S.) Virgin Islands. Van Dam and Diez (1996) reported foraging dives at a study site in the northern
Caribbean ranged from 19 to 26 minutes at depths of 26.3 to 32.8 ft. (8.02 to 9.9 m), with resting night
dives from 35 to 47 minutes. Foraging dives of immature hawksbills are shorter, ranging from 8.6 to 14.0
minutes, with a mean and maximum depth of 16.4 and 65.6 ft. (4.9 and 19.9 m), respectively (van Dam
and Diez 1996). Blumenthal et al. (2009) reported consistent diving characteristics for juvenile hawksbill
in the Cayman Islands, with an average daytime dive depth of 25 ft. (7.6 m) and a maximum depth of
140 ft. (42.7 m) and a mean nighttime dive depth of 15 ft. (4.6 m). A change in water temperature
affects dive duration; cooler water temperatures in the winter result in increased nighttime dive
durations (Storch et al. 2005).
3.5.2.1.3

Loggerhead Sea Turtle

Studies of loggerhead diving behavior indicate varying mean depths and surface intervals, depending on
whether they were located in shallow coastal waters (short surface intervals) or in deeper, offshore
areas (longer surface intervals) (National Marine Fisheries Service and U.S. Fish and Wildlife Service
2009). Loggerhead diving behavior has been investigated in the Mediterranean (Godley et al. 2003,
Casale et al. 2012) and the Caribbean (Blumenthal et al. 2006). Loggerhead turtles foraging in the
nearshore habitat dive to the seafloor (average depth 165 to 490 ft. [50.3 to 149.4 m]) and those in the
open-ocean habitat dive in the 0 to 80 ft. (0 to 24.4 m) depth range (Hatase et al. 2007). Dive duration
was significantly longer at night and increased in warmer waters. Loggerhead turtles dived for longer
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and became more quiescent at lower temperatures, but as long as temperatures were above 10 degrees
Celsius (°C), they retained their ability to move to another place or even to forage when they had the
opportunity (Hochscheid et al. 2007).The average overall dive duration was 25 minutes, although dives
exceeding 300 minutes were recorded. Turtles in the open-ocean habitat exhibited mid-water resting
dives at around 45 ft. (13.7 m), where they could remain for many hours. This appears to be the main
function of many of the night dives recorded (Hatase et al. 2007). Another study on coastal foraging
loggerheads by Sakamoto et al. (1993) found that virtually all dives were shallower than 100 ft. (30.5 m).
Satellite telemetry data from 17 juvenile loggerhead turtles showed that turtles spent more than
80 percent of their time at depths less than 5 m, and more than 90 percent of their time at depths less
than 15 m (Howell et al. 2010). Hawkes et al. (2007) noted that loggerhead turtles spent most of the
time diving at depths less than 164 ft. (50 m) in depth. On average, loggerhead turtles spend over
90 percent of their time underwater (Renaud and Carpenter 1994). Studies investigating dive
characteristics of loggerheads under various conditions confirm that loggerheads do not dive particularly
deep in the open-ocean environment (approximately 80 ft. [24.4 m]) but will forage to bottom depths of
at least 490 ft. (149.4 m) in coastal habitats (Hatase et al. 2007; Polovina et al. 2003).
3.5.2.1.4

Olive Ridley Sea Turtle

Most studies on olive ridley diving behavior have been conducted in shallow coastal waters (Beavers and
Cassano 1996; Sakamoto et al. 1993); however, Polovina et al. (2003) radio tracked two olive ridleys
(and two loggerheads) caught in commercial fisheries. The results show that the olive ridleys dove
deeper than loggerheads, but spent only about 10 percent of time at depth deeper than 100 ft. (30.5 m).
Daily dives of 656.2 ft. (200 m) occurred, with one dive recorded at 833.3 ft. (254 m) (Polovina et al.
2003). The deeper-dive distribution of olive ridleys is also consistent with their oceanic habitat, which
differs from the loggerhead habitat. Olive ridleys are found south of the loggerhead habitat in the
central portion of the subtropical gyre. The oceanography of this region is characterized by a warm
surface layer with a deep thermocline depth and an absence of strong horizontal temperature gradients
and physical or biological fronts (Polovina et al. 2003).
3.5.2.1.5

Leatherback Sea Turtle

The leatherback is the deepest diving sea turtle, with a recorded maximum depth of 4,200 ft. (1,280 m),
although most dives are much shallower (usually less than 820 ft. [250 m]) (Doyle et al. 2008, Dodge et
al. 2014, Houghton et al. 2008, Hays et al. 2004a, Sale et al. 2006). Leatherbacks are also capable of
diving for a longer time than any other sea turtles species. The longest recorded dive time is 86.5
minutes, during which the turtle dove to a depth of 3,891 ft. (1,186 m) (López-Mendilaharsu et al. 2009).
Diving activity (including surface time) is influenced by a suite of environmental factors (i.e., water
temperature, availability and vertical distribution of food resources, bathymetry) that result in spatial
and temporal variations in dive behavior (James et al. 2006, Sale et al. 2006). Leatherbacks dive deeper
and longer in the lower latitudes versus the higher latitudes (James et al. 2005), where they are known
to dive in waters with temperatures just above freezing (James et al. 2006, Jonsen et al. 2007). James et
al. (2006) noted that dives in higher latitudes are punctuated by longer surface intervals and more time
at the surface, perhaps in part to thermoregulate (i.e., bask). Tagging data also revealed that changes in
individual turtle diving activity appear to be related to water temperature, suggesting an influence of
seasonal prey availability on diving behavior (Hays et al. 2004a). While transiting, leatherbacks make
longer and deeper dives (James et al. 2006, Jonsen et al. 2007). It is suggested that leatherbacks make
scouting dives while transiting as an efficient means for sampling prey density and perhaps also to feed
opportunistically at these times (James et al. 2006, Jonsen et al. 2007). In the Atlantic, Hays et al.
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(2004b) determined that migrating and foraging adult leatherbacks spent 71 to 94 percent of their
diving time at depths from 230 to 361 ft. (70.1 to 110 m).
In their warm-water nesting habitats, dives are likely constrained by bathymetry adjacent to nesting
sites during this time (Myers and Hays 2006). For example, patterns of relatively deep diving are
recorded off St. Croix in the Caribbean (Eckert et al. 1986) and Grenada (Myers and Hays 2006) in areas
where deep waters are close to shore. A maximum depth of 1,560 ft. (475.5 m) was recorded by Eckert
(Eckert et al. 1986), although even deeper dives were inferred where dives exceeded the maximum
range of the time depth recorder (Eckert S. et al. 1989). Shallow diving occurs where shallow water is
close to the nesting beach in areas such as the China Sea (Eckert et al. 1996, Chan et al. 2007), Costa Rica
(Southwood et al. 1999), and French Guiana (Fossette et al. 2007). Studies of leatherback diving during
their internesting periods (i.e., time intervals spent at sea between consecutive nesting events) in the
Eastern Pacific show shallower maximum dive depths than in other areas where deeper water is
available (Wallace et al. 2005).
3.5.2.2

Hearing and Vocalization

The auditory system of the sea turtle appears to work via water and bone conduction, with lower
frequency sound conducted through to skull and shell, or via direct stimulation of the tympanum
(Christensen-Dalsgaard et al. 2012).The water and bone conduction does not appear to function well for
hearing in air (Lenhardt et al. 1983), though recent research has shown that sea turtles are capable of
hearing in air, and although it is difficult to compare aerial and underwater thresholds directly,
frequencies of sensitivity are similar for several species tested (Dow Piniak et al. 2011, 2012a, 2012b).
Sea turtles do not have external ears or ear canals to channel sound to the middle ear, nor do they have
a specialized eardrum. Instead, fibrous and fatty tissue layers on the side of the head may serve as the
sound receiving membrane in the sea turtle (Ketten 2008), a function similar to that of the eardrum in
mammals, or may serve to release energy received via bone conduction (Lenhardt et al. 1983). Sound is
transmitted to the air-filled middle ear where sound waves cause movement of cartilaginous and bony
structures that interact with the inner ear (Ridgway et al. 1969). Unlike mammals, the cochlea of the sea
turtle is not elongated and coiled and likely does not respond well to high frequencies, a hypothesis
supported by a limited amount of information on sea turtle auditory sensitivity (Martin et al. 2012;
Lavender et al. 2011; Dow Piniak et al. 2011, 2012a, 2012b; Bartol et al. 1999; Ridgway et al. 1969).
Investigations suggest that sea turtle auditory sensitivity is limited to low-frequency bandwidths
(< 1,000 Hertz [Hz]), such as the sounds of waves breaking on a beach. The role of underwater
low-frequency hearing in sea turtles is unclear. It has been suggested that sea turtles may use acoustic
signals from their environment as navigational cues during migration and to identify their natal beaches
(Lenhardt et al. 1983) or to locate prey or avoid predators.
Recent work using auditory evoked potentials have shown that hawksbill sea turtles are able to detect
sounds in both air and water. However, ranges of maximum sensitivity and thresholds differed between
the two media, though in general, sensitivities were higher at frequencies below 1,000 Hz (Dow Piniak
et al. 2011, 2012b).
Sea turtles are low-frequency hearing specialists, typically hearing frequencies from 30 to 2,000 Hz, with
a range of maximum sensitivity between 100 and 800 Hz (Bartol 1999, Ridgway 1969, Lenhardt 1994,
Bartol and Ketten 2006, Lenhardt 2002). Hearing below 80 Hz is less sensitive but still potentially usable
(Lenhardt 1994). Greatest sensitivities are from 300 to 400 Hz for the green sea turtle (Ridgway 1969)
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and around 250 Hz or below for juvenile loggerheads (Bartol 1999). Bartol et al. (1999) reported that the
range of effective hearing for juvenile loggerhead sea turtles is from at least 250 to 750 Hz using the
auditory brainstem response technique. Juvenile and sub-adult green sea turtles detect sounds from
100 to 500 Hz underwater, with maximum sensitivity at 200 and 400 Hz (Bartol and Ketten 2006).
Auditory brainstem response recordings on green sea turtles showed a peak response at 300 Hz
(Yudhana et al. 2010). Juvenile Kemp’s ridley turtles detected underwater sounds from 100 to 500 Hz,
with a maximum sensitivity between 100 and 200 Hz (Bartol and Ketten 2006). Recent work using
auditory evoked potentials has shown that leatherback sea turtles are able to detect sounds in both air
and water. However, ranges of maximum sensitivity and thresholds differed between the two media—
between 50 and 1,200 Hz in water and 50 and 1,600 Hz in air, with maximum sensitivity between 100
and 400 Hz in water and 50 and 400 Hz in air, and sharp decreases in sensitivity above 400 Hz in both
media (Dow Piniak et al. 2012a).
Sub-adult green sea turtles show, on average, the lowest hearing threshold at 300 Hz (93 decibels [dB]
referenced to [re] 1 micropascal [µPa]), with thresholds increasing at frequencies above and below
300 Hz, when thresholds were determined by auditory brainstem response (Bartol and Ketten 2006).
Auditory brainstem response testing was also used to detect thresholds for juvenile green sea turtles
(lowest threshold 93 dB re 1 µPa at 600 Hz) and juvenile Kemp’s ridley sea turtles (thresholds above
110 dB re 1 µPa across hearing range) (Bartol and Ketten 2006). Auditory thresholds for yearling and
2-year-old loggerhead sea turtles were also recorded. Both yearling and 2-year-old loggerhead sea
turtles had the lowest hearing threshold at 500 Hz (yearling: approximately 81 dB re 1 µPa; 2-year-olds:
approximately 86 dB re 1 µPa), with thresholds increasing rapidly above and below that frequency
(Bartol and Ketten 2006). In terms of sound production, nesting leatherback turtles were recorded
producing sounds (sighs or belch-like sounds) up to 1,200 Hz with most energy ranging from 300 to
500 Hz (Bartol and Ketten 2006).
Popper et al. (2014) summarized in a technical report the outcome of a working group session that
evaluated the sound detection capabilities for a wide range of sea turtles and fishes, which were
organized into broad groups based on how they detect sound. The technical report presents sound
exposure guidelines for assessing how a variety of natural and anthropogenic sound sources may affect
fish and sea turtle species.
In terms of sound production, nesting leatherback turtles have been recorded producing sounds (sighs
or belch-like sounds) up to 1,200 Hz with most energy ranging from 300 to 500 Hz (Cook and Forrest
2005). These noises are guttural exhalations made during the nesting process; turtles do not make
audible sounds for communication, navigation, or foraging (as in marine mammals).
3.5.2.3

General Threats

While each of the sea turtle species in the MITT Study Area have unique life histories and habitats,
threats are common among all species. On beaches, wild dogs, pigs, and other animals destroy sea turtle
nests. Humans continue to harvest eggs and nesting females in some parts of the world, threatening
some Pacific Ocean sea turtle populations (Maison et al. 2010). Coastal development can cause beach
erosion and introduce non-native vegetation, leading to a subsequent loss of nesting habitat. It can also
introduce or increase the intensity of artificial light, which can impact nesting behavior of adult females
or confuse hatchlings and lead them away from the water, thereby increasing the chances of hatchling
mortality. Threats in nearshore foraging habitats include fishing activities and habitat degradation.
Fishing activities can injure turtles via hooks and lines or drown juvenile and adult sea turtles, because
they are prone to becoming entangled in fishing gear and nets. Habitat degradation issues such as poor
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water quality, invasive species, and disease can alter ecosystems, limiting the availability of food and
altering survival rates (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998a, b, c, d,
e, f).
Bycatch in commercial fisheries, ship strikes, and marine debris are the primary, human related threats
in the offshore environment (Lutcavage and Lutz 1997). One comprehensive study estimated that,
worldwide, approximately 85,000 turtles were taken between the years of 1990 and 2008 from bycatch
in commercial fisheries (Wallace et al. 2010). However, due to the small percentage of fishing effort
observed and reported (typically < 1 percent of total fleets), and to a global lack of bycatch information
from small-scale fisheries, this likely underestimates the true total by at least two orders of magnitude.
Precise data are lacking for sea turtle mortalities directly caused by ship strikes; however, live and dead
turtles are often found with deep cuts and fractures indicative of collision with a boat hull or propeller
(Hazel et al. 2007; Lutcavage and Lutz 1997). Marine debris can also be a problem for sea turtles through
entanglement or ingestion. Sea turtles can mistake plastic bags for jellyfish, which are eaten by many
turtle species in early life phases, and exclusively by leatherback turtles throughout their lives. One
study found plastic in 37 percent of dead leatherbacks and determined that 9 percent of those deaths
were a direct result of plastic ingestion (Mrosovsky et al. 2009). Other marine debris, including derelict
fishing gear and cargo nets, can entangle and drown turtles of all life stages. In studying ingestion in 115
green and hawksbill sea turtles stranded in Queensland, Schuyler et al. (2012) found that the probability
of debris ingestion was inversely correlated with size (curved carapace length), and when broken down
into size classes, smaller pelagic turtles were significantly more likely to ingest debris than larger benthic
feeding turtles.
Global climate change trends, with predictions of increased ocean and air temperatures, showing
increasing acidification of oceans, and sea level rise, may adversely impact turtles in all life stages
Schofield et al. 2010, Witt et al. 2010, Hawkes et al. 2009, Poloczanska et al. 2009, Fuentes et al. 2011).
Effects include embryo deaths caused by high nest temperatures, skewed sex ratios because of
increased sand temperature, loss of nesting habitat to beach erosion, coastal habitat degradation (e.g.,
coral bleaching), and alteration of the marine food web, which can decrease the availability of prey
species. Each sea turtle recovery plan has detailed descriptions of threats in the nesting and marine
environment, ranking the seriousness of threats in each of the U.S. Pacific coast states and territories
(National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998a, b, c, d, e, f). See Chapter 4
(Cumulative Impacts) for further descriptions of threats to sea turtles and ongoing conservation
concerns.
3.5.2.4

Green Sea Turtle (Chelonia mydas)

3.5.2.4.1

Status and Management

Green turtles are classified as threatened under the ESA throughout their Pacific range, except for the
population that nests on the Pacific coast of Mexico (identified by the National Marine Fisheries Service
[NMFS] and U.S. Fish and Wildlife Service [USFWS] [1998b] as [C. m.] agassizii), which is classified as
endangered. There is no critical habitat for the green sea turtle in the Study Area.
3.5.2.4.2

Habitat and Geographic Range

The green turtle is distributed worldwide across tropical and subtropical coastal waters between 45°
North (N) and 40° South (S) (State of the World's Sea Turtles 2012). Major nesting beaches are found
throughout the western and eastern Atlantic, Indian, and western Pacific Oceans, and are found in more
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than 80 countries worldwide (Hirth 1997). Green turtles nest on beaches of the Mariana Islands, and
feed and migrate throughout all waters of the Study Area.
Green turtle eggs incubate in the sand for approximately 48 to 70 days. Green turtle hatchlings are
2 inches (in.) (5.08 centimeters [cm]) long, and weigh approximately 1 ounce (oz.) (28.3 grams [g]).
3.5.2.4.2.1

Open Ocean

When they leave the nesting beach, hatchlings begin an oceanic phase (Carr 1987), floating passively in
current systems (gyres), where they develop (Carr and Meylan 1980). Post-hatchlings live at the surface
in the open ocean for approximately 1 to 3 years (Hirth 1997). Reich et al. (2007) used stable isotope
analyses to demonstrate recruitment of oceanic juvenile green turtles to neritic habitats (in the western
Atlantic) at around 3 years of age. Upon reaching the juvenile stage (estimated at 5 to 6 years and shell
length of 8 to 10 in. [20.3 to 25.4 cm]), they actively move to lagoons and coastal areas that are rich in
seagrass and algae (Bresette et al. 2006; Musick and Limpus 1997; Limpus 2008). The optimal habitats
for late juveniles and adults are warm, quiet, and shallow (10 to 33 ft. [3.05 to 10.1 m]) waters, with
seagrasses and algae that are near reefs or rocky areas used for resting (Makowski et al. 2006). This
habitat is where they will spend most of their lives (Bjorndal and Bolten 1988; Makowski et al. 2006;
National Marine Fisheries Service and U.S. Fish and Wildlife Service 1991). A small number of green
turtles appear to remain in the open ocean for extended periods, perhaps never moving to coastal
feeding sites, though the reasons for this behavior is not yet understood (National Marine Fisheries
Service and U.S. Fish and Wildlife Service 2007a; Pelletier et al. 2003).
Green turtles are highly migratory throughout their lives. They may travel thousands of kilometers (km)
between their juvenile developmental grounds and adult breeding and nesting grounds (Mortimer and
Portier 1989). When they reach sexual maturity, green turtles begin migrating regularly between feeding
grounds and nesting areas every few years (Hirth 1997). Green turtles are estimated to reach sexual
maturity at between 20 and 50 years. This prolonged time to maturity has been attributed to their low
energy plant diet (Bjorndal 1995) and may be the highest age for maturity of all sea turtle species
(Limpus 2008, Chaloupka and Musick 1997, Hirth 1997, National Marine Fisheries Service and U.S. Fish
and Wildlife Service 2007a). Once mature, green turtles may reproduce for 17 to 23 years (Carr et al.
1978). Both males and females migrate, typically along coastal routes from breeding areas to feeding
grounds, although some populations migrate thousands of kilometers across entire oceans (Carr 1986,
1987; Mortimer and Portier 1989). Following nesting migrations, green turtles often return to the same
feeding areas (Godley et al. 2002; National Marine Fisheries Service and U.S. Fish and Wildlife Service
2007a) where they have specific home ranges and movement patterns (Seminoff et al. 2002). Sea turtle
tagging successfully began in 2013 under the monitoring program and preliminary results are within the
U.S. Department of the Navy’s (Navy’s) 2014 annual report to NMFS.
3.5.2.4.2.2

Coastal

Green sea turtles return to their nesting (natal) beaches to nest every 2 to 5 years (Hirth 1997). This
irregular pattern can cause wide year-to-year changes in numbers of nesting females at a given nesting
beach. Each female nests between three and five times per season, laying an average of 115 eggs in
each nest. Based on an average of three nests per season and 100 eggs per nest, a single adult female
may deposit 9 to 33 clutches (900 to 3,300 eggs) during her lifetime (National Marine Fisheries Service
and U.S. Fish and Wildlife Service 2007b). The number of eggs per clutch is a function of when in the
season it is laid. Larger clutches tend to be laid in the early part of the breeding season (Limpus 2008).
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On Navy lands on Guam, the beach with the highest nesting abundance is Apra Harbor’s Spanish Steps,
which is closed for most of the year because of explosive safety arcs from Kilo Wharf. Green sea turtle
nesting activity was also found at Adotgan Dangkolo on Orote Peninsula. Haputo Beach, Naval Base
Guam Telecommunications Site, is an occasional nesting location with “extensive” foraging use within
the Haputo embayment. On Andersen Air Force Base, the Division of Aquatic and Wildlife Resources has
monitored sea turtle nesting activity on the 26 miles (mi.) (42 km) of shoreline that make up Andersen
Air Force Base beaches since 1984. Nesting at Andersen Air Force Base occurs along the northern
shoreline. Nesting surveys have indicated that adult green turtles utilize most, if not all, of the limited
beaches on Tinian for nesting. The beaches that are most often utilized are Unai Dankulo (Long Beach),
Unai Barcinas, Unai Leprosarium, and Unai Lamlam (U.S. Department of the Navy 2010).
3.5.2.4.3

Population and Abundance

Based on data from 46 nesting sites around the world, between 108,761 and 150,521 female green sea
turtles nest each year (National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007a), which
is a 48 to 65 percent decline in the number of females nesting annually (based on a simple linear
regression rather than historical abundance observations) over the past 100 to 150 years (Seminoff and
Marine Turtle Specialist Group Green Turtle Task Force 2004). At least 189 nesting sites are scattered
across the western Pacific Ocean, with an estimated 22,800 to 42,580 females nesting in the Pacific
Ocean each year (Maison et al. 2010; National Marine Fisheries Service and U.S. Fish and Wildlife Service
2007a).
Data from 32 green turtle nesting sites throughout the nesting range estimated that over the last three
generations (spanning approximately 130 years), female green turtles have declined globally by 48 to
67 percent (Seminoff and Marine Turtle Specialist Group Green Turtle Task Force 2004). However, and in
contrast, many green turtle nesting populations are actually on the increase as a result of direct
conservation action and are not under threat of extinction. Chaloupka et al. (2008a) provides evidence
of increasing population trends in four major green turtle nesting populations in the Pacific that have
been increasing over the past 25 years (Hawaii, USA; Raine Island and Heron Island, Australia; and
Ogawasara Islands, Japan). Tiwari et al. (2010) provide information on nesting data in the Main Hawaiian
Islands that also support the increasing population trend. Historically, the Philippines (Turtle Islands) and
Turtle Islands Park of Sabah, Malaysia are two of the most important insular nesting colonies in
Southeast Asia (Seminoff and Marine Turtle Specialist Group Green Turtle Task Force 2004). There is
evidence to suggest that green turtle populations nesting in Sabah are stable or increasing, with trends
from 1993 to 2001 showing a continued upward trend (Bastinal 2002; Seminoff and Marine Turtle
Specialist Group Green Turtle Task Force 2004). Nesting in the Philippines has declined over time,
although there are over 3,000 nesting females per year (Seminoff and Marine Turtle Specialist Group
Green Turtle Task Force 2004). Additionally, there appears to be a robust green turtle nesting
population in Yap State, Federated States of Micronesia with a total of 888 individual nesting green
turtles tagged on Gielop Island between 2005 and 2007 (Maison et al. 2010). It is important to note,
however, that increases in population abundance at individual nesting sites do not necessarily reflect
population-level increases in abundance.
Green turtles are by far the most abundant sea turtle found throughout the Marianas archipelago. At
least 189 nesting sites are scattered across the western Pacific Ocean, with an estimated 22,800–42,580
females nesting in the Pacific Ocean each year (Maison et al. 2010; National Marine Fisheries Service
and U.S. Fish and Wildlife Service 2007a). Long-term information regarding nesting population trends in
Guam or Commonwealth of the Northern Mariana Islands is not available. There is, however, indication
that the Marianas may provide more important foraging nearshore habitat than nesting (Kolinski et al.
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2001; Pultz et al. 1999). Aerial surveys conducted by the Guam Division of Aquatic and Wildlife
Resources indicate the year-round presence of green sea turtles in Guam’s nearshore waters (Kolinski et
al. 2001, National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998a, Pultz et al. 1999).
Recent Navy surveys have estimated the nearshore density to be approximately 1 animal per 3.4 square
kilometers (km2) (1.31 square miles [mi.2]) (excluding within Apra Harbor, where density is much higher,
variable, and more finite in resolution). Aggregations of foraging and resting green turtles are often seen
in close proximity to Guam’s well-developed seagrass beds and reef flats, which are found in Cocos
Lagoon, Apra Harbor, along Tarague Beach and Hila’an; in deeper waters south of Falcona Beach; and at
several other locations throughout the island’s shelf (U.S. Department of the Navy 2003b). Recreational
Self Contained Underwater Breathing Apparatus (SCUBA) divers regularly see green turtles at the
following sites off Guam: Boulder Alley, Ane Caverns, Napoleon Cut, Gab Gab I, and the Wall. Guam
Division of Aquatic and Wildlife Resources aerial surveys have identified turtles within Agat Bay, and
stranded sea turtles have been recovered from the bay (including one with spear gun injuries).
On Tinian, green turtle abundance and densities are highest along the island’s relatively uninhabited
east coast. The most recent estimate of the number of green turtles inhabiting the nearshore waters
around Tinian was 832 turtles in 2001 (Kolinski et al. 2006) and densities of approximately 11.8 animals
per km2.
Green turtles are not as abundant at Farallon de Medinilla (FDM) as they are at some of the larger
islands of the Marianas chain. At FDM, at least 9 green turtles were observed during underwater surveys
in both 1999 and 2000, at least 12 green turtles were observed during surveys in 2001, and 4 were
observed at the northern end of the island in 2003 (U.S. Department of the Navy 2005). Most green
turtles at FDM were found either swimming over the reef platform or resting in holes or caves (U.S.
Department of the Navy 2005). Due to strong current and tidal conditions, the beaches at FDM are very
susceptible to inundation and are highly unsuitable for nesting (U.S. Department of the Navy 2003a).
Also, seagrasses and benthic algae are relatively sparse around the island and can probably support no
more than a few green turtles at a time (National Marine Fisheries Service and U.S. Fish and Wildlife
Service 1998a). Seven sea turtles were documented in 2006 and 19 in 2007 during monthly monitoring
(helicopter surveys) of FDM (U.S. Department of the Navy 2010). Monthly observations are usually low
(between one and three turtle sightings); however, 12 turtles were observed in waters off FDM on
13 November 2007 (U.S. Department of the Navy 2010). Identifying sea turtles to the species level is not
possible due to safe flying heights of the helicopter, although due to the higher abundance of green sea
turtles relative to hawksbill turtles, the majority of sea turtle observations are assumed to be green sea
turtles (U.S. Department of the Navy 2010).
Based on the above information, green turtles are expected to occur year round in all shelf waters of the
MITT Study Area from FDM to Guam. Around the larger islands, green turtle occurrence is concentrated
in waters less than 328 ft. (99.9 m) deep, approximately 11.8 animals per km2 (4.6 mi.2). It is at these
water depths where green turtle foraging and resting habitats (e.g., fringing reefs, reef flats, and
seagrass beds) are usually found. Although there may not be long-term data available for Guam or
Commonwealth of the Northern Mariana Islands, data from other Pacific regions show that green sea
turtles exhibit strong site fidelity to nearshore foraging habitats for extended periods of time (Balazs and
Chaloupka 2004; Balazs 1994). Beyond the shelf break, green turtle occurrence is low/unknown, and
assumed to be approximately 1 animal per 2.558 km2 (0.988 mi.2) (U.S. Department of the Navy 2012).
Nesting females and early juveniles are known to move through oceanic waters of the Marianas chain
during their reproductive and developmental migrations (Kolinski et al. 2006), but likely do not do so in
large numbers.
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Predator-Prey Interactions

The green turtle is the only sea turtle that is mostly herbivorous (Mortimer 1995), although its diet
changes throughout its life. While at the surface, hatchlings feed on floating patches of seaweed and, at
shallow depths, on comb jellies and gelatinous eggs, appearing to ignore large jellyfish (Salmon et al.
2004). While in the open ocean, juveniles smaller than 8 to 10 in. (20.3 to 25.4 cm) eat worms, small
crustaceans, aquatic insects, grasses, and algae (Bjorndal 1997). After settling into a coastal habitat,
juveniles eat mostly seagrass or algae (Balazs et al. 1994; Mortimer 1995). Some juveniles and adults
that remain in the open ocean, and even those in coastal waters, also consume jellyfish, sponges, and
sea pens (Blumenthal et al. 2009; Godley et al. 1998; Hatase et al. 2006, Heithaus et al. 2002; National
Marine Fisheries Service and U.S. Fish and Wildlife Service 2007b; Parker and Balazs 2005). Adult green
turtles feed primarily on seagrasses, macroalgae, and reef-associated organisms (Bjorndal 1997; Burke
et al. 1991). They also consume jellyfish, salps, and sponges (Bjorndal 1997).
Predators of green turtles vary according to turtle location and size. Land predators that feed on eggs
and hatchlings include ants, crabs, birds, and mammals, such as dogs, raccoons, feral pigs, and humans.
Aquatic predators, mostly fish and sharks, impact hatchlings most heavily in nearshore areas. Sharks are
also the primary predators of juvenile and adult turtles (National Marine Fisheries Service and U.S. Fish
and Wildlife Service 2007a).
3.5.2.4.5

Species-Specific Threats

The primary, human related threats to green turtles in Guam and the Commonwealth of the Northern
Mariana Islands include direct harvesting of sea turtles and eggs as well as habitat loss due to rapidly
expanding tourism, including increased coastal development on nesting beaches (National Marine
Fisheries Service and U.S. Fish and Wildlife Service 1998a, b). Another primary threat to green turtles
that may be related to human activity is the disease fibropapillomatosis. Fibropapillomatosis may be
caused by exposure in marine areas affected by agricultural, industrial, or urban pollution (Aguirre and
Lutz 2004); however, Chaloupka et al. (2009) noted that the occurrence of fibropapillomatosis appears
to be declining. Other general threats include habitat degradation by ungulates and nest predation by
pigs, feral dogs, cats, and rats, as well as destruction of strand vegetation, compaction of sand on
nesting beaches by vehicles and heavy equipment, and the use of excessive or inappropriate lighting on
beaches.
3.5.2.5

Hawksbill Sea Turtle (Eretmochelys imbricata)

3.5.2.5.1

Status and Management

The hawksbill turtle is listed as endangered under the ESA (National Marine Fisheries Service and
U.S. Fish and Wildlife Service 1998c). In U.S. waters, hawksbill populations are noted as neither declining
nor showing indications of recovery (National Marine Fisheries Service and U.S. Fish and Wildlife Service
2007b). Critical habitat has not been designated for the hawksbill in the Pacific Ocean.
3.5.2.5.2

Habitat and Geographic Range

The hawksbill turtle is the most tropical of the world’s sea turtles, rarely occurring beyond 30°N or 30°S
in the Atlantic, Pacific, and Indian Oceans (Lazell 1980). While the hawksbill turtle lives a part of its life
(post-hatchling and early juvenile) in the open ocean, it inhabits coastal waters in more than 108
countries (where it feeds on its preferred prey, sea sponges) and nests in at least 70 countries (National
Marine Fisheries Service and U.S. Fish and Wildlife Service 2007b).
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Open Ocean

Hawksbill turtles inhabit oceanic waters as post-hatchlings and small juveniles, where they are
sometimes associated with driftlines and floating patches of vegetation (Parker 1995; Limpus 2009;
Witherington and Hirama 2006). As with all other turtle species, hawksbill hatchlings enter an oceanic
phase (known as the “lost years”) and may be carried great distances by surface currents. Although little
is known about their open ocean stage, younger juvenile hawksbills have been found in association with
brown algae in the Pacific Ocean (Musick and Limpus 1997; Parker 1995; Witherington and Hirama
2006; Witzell 1983) before settling into nearshore habitats as older juveniles.
3.5.2.5.2.2

Coastal

The developmental habitats for juvenile benthic-stage hawksbills include tropical, nearshore waters
associated with coral reefs, hard bottoms, or estuaries with mangroves (Musick and Limpus 1997). Coral
reefs are recognized as optimal hawksbill habitat for juveniles, subadults, and adults (National Marine
Fisheries Service and U.S. Fish and Wildlife Service 1998c). In nearshore habitats, resting areas for late
juvenile and adult hawksbills are typically located in deeper waters than their foraging areas, such as
sandy bottoms at the base of a reef flat. Late juveniles generally reside on shallow reefs less than 59 ft.
(17.9 m) deep.
Preferred habitat for older juvenile hawksbill turtles is coral reefs, but hawksbills also inhabit seagrass,
algal beds, mangrove bays, creeks, and mud flats (Mortimer and Donnelly 2008). Some juveniles may
associate with the same feeding grounds for a decade or more (Meylan and Donnelly 1999), while
others appear to migrate among multiple sites as they age (Musick and Limpus 1997). Indo-Pacific
hawksbills are estimated to mature between 30 and 38 years old (Mortimer and Donnelly 2008).
As they mature into adults, hawksbills move to deeper habitats and may forage to depths greater than
297 ft. (90.5 m), though recent studies have shown that in the eastern tropical Pacific, some adults may
continue to use nearshore estuaries and mangroves saltwater forests (Gaos 2011). Benthic stage
hawksbills are seldom found in waters beyond the continental or insular shelf, unless they are in transit
between distant foraging and nesting grounds (National Marine Fisheries Service and U.S. Fish and
Wildlife Service 1998c).
Once sexually mature, hawksbill turtles undertake breeding migrations between foraging grounds and
breeding areas at intervals of several years (Dobbs et al. 1999, Witzell 1983). Although females tend to
return to breed where they were born (Bowen and Karl 1997), they may have foraged hundreds or
thousands of kilometers from their birth beaches as juveniles. Hawksbills were originally thought to be a
nonmigratory species because of the proximity of suitable nesting beaches to coral reef feeding habitats
and the high rates of marked turtles recaptured in these areas. Tagging studies have demonstrated that
the adult female displays a high degree of fidelity to her chosen nesting beach, with most females
returning to the same small beach for oviposition of their successive clutches within a nesting season
and in successive nesting seasons (Limpus 2009). Some additional tagging studies have shown
otherwise. For example, a post-nesting female traveled 995 mi. (1,601.3 km) between the Solomon
Islands and Papua New Guinea (Meylan 1995), indicating that adult hawksbills are capable of migrating
distances comparable to those of green and loggerhead turtles.
Hawksbills are solitary nesters on beaches throughout the tropics and subtropics. Adult female
hawksbills return to their natal beaches every 2 to 3 years to nest. A female hawksbill lays between
three and five clutches during a single nesting season, which contain an average of 130 eggs per clutch
(Richardson et al. 1999). Hawksbills are unlikely to be encountered on the beaches of FDM, which are
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unsuitable for nesting because of tidal inundation of beach areas (U.S. Department of the Navy 2003b).
There are only a few documented records of hawksbills nesting in the Marianas region although only a
subset of the region’s beaches is adequately surveyed for sea turtle nesting activity.
3.5.2.5.3

Population and Abundance

Nesting beach observations for hawksbill turtles in the Pacific Ocean have shown numerous nesting
locations of hawksbills in the Pacific, with regional nesting occurring in Australia, Papau New Guinea,
Palau, and Indonesia (State of the World's Sea Turtles 2012). Only five regional populations worldwide
remain with more than 1,000 females nesting annually (two in Australia and one each in Indonesia, the
Seychelles, and Atlantic Mexico) (Meylan and Donnelly 1999). The largest of these regional populations
is in the South Pacific Ocean, where 6,000 to 8,000 hawksbills nest off the Great Barrier Reef (Limpus
1992).
Although there are only a few recent hawksbill occurrence records in the MITT Study Area
(U.S. Department of the Navy 2003b), historical records indicate a likely presence of this species in the
coastal waters surrounding the islands of the southern Marianas arc (i.e., from FDM south to Guam)
(Kolinski et al. 2001). As a result, hawksbill turtles are expected to occur in all waters located inside the
shelf break within the MITT Study Area, including within Guam’s Apra Harbor. Since hawksbill turtles are
critically endangered and do not occur in large numbers anywhere within the region, there are no areas
of concentrated occurrence around Guam and the Commonwealth of the Northern Mariana Islands. In
deeper waters beyond the shelf break (e.g., throughout Warning Area 517), the occurrence of the
hawksbill turtle is low/unknown.
During aerial surveys between 1989 and 1991, hawksbills represented 13.2 percent of all sea turtles
sighted around Guam. Hawksbills are typically found near river mouths as well as inside Apra Harbor.
These are areas where sponges, their preferred food, are common. Sasa Bay, which is located in Apra
Harbor, is the largest estuary in the Marianas, and appears to be an area where hawksbills are most
often encountered (Kolinski et al. 2001).
Hawksbill turtles are also regular inhabitants of Tinian nearshore waters, although in much fewer
numbers than green turtles, with recent surveys in 2013 observing two hawksbill turtles on the west
coast of Tinian. Hawksbills typically display small home ranges, less than 4 km2; however, one hawksbill
turtle in the study was observed making a 286 km, 7-day trek from Tinian to Guam (Jones and Van
Houtan 2013). Even though past surveys at Tinian (1984–1985, 1994–1995, and 2001) failed to produce
a single sighting record, time and area constraints may have led to foraging hawksbills being missed
(Kolinski et al. 2001; Pultz et al. 1999). Since hawksbills prefer to nest in areas with sufficient vegetative
cover, it is possible that some nests are never found on surveyed beaches. Lund (1985) notes that
hawksbill nests are often very difficult to identify when qualified observers are not present. Recent
surveys by the Navy estimates the nearshore density of hawksbill turtles at Tinian and other Islands
(excluding FDM) at 1 hawksbill turtle per 7.45 km2 (2.88 mi.2).
Occurrence records that exist for FDM are two in-water sightings at the southwestern corner of the
island in 2001, and one at the northwest corner of the island in 2004 (U.S. Department of the Navy
2003b, 2004). Each of these observations was recorded during Navy-sponsored marine tow and SCUBA
dive surveys around the island. Both of the hawksbills sighted in 2001 were immature individuals less
than 20 in. (50.8 cm) in carapace length, while the individual observed in 2004 was somewhat larger at
approximately 28 in. (71.1 cm) in carapace length (U.S. Department of the Navy 2004). The Pacific Navy
Marine Species Density Database indicates a higher density at FDM than at other islands, approximately
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1 hawksbill per 0.932 km2 (0.36 mi.2) in waters less than 100 m (328.1 ft.) deep (U.S. Department of the
Navy 2012).
3.5.2.5.4

Predator-Prey Interactions

Hawksbills eat both animals and plants during the early juvenile stage, feeding on such prey as sponges,
algae, mollusks, crustaceans, and jellyfish (Bjorndal 1997). Older juveniles and adults are more
specialized, feeding primarily on sponges, which comprise as much as 95 percent of their diet in some
locations, although the diet of adult hawksbills in the Indo-Pacific region includes other invertebrates
and algae (Meylan 1988; Witzell 1983). The shape of their mouth allows hawksbills to reach into holes
and crevices of coral reefs to find sponges and other invertebrates. Hawksbill turtles fill a unique
ecological niche in marine and coastal ecosystems, supporting the natural functions of coral reefs by
keeping sponge populations in check (Hill 1998, Leon and Bjorndal 2002). Feeding on sponges helps to
control populations of sponges that may otherwise compete for space with reef-building corals (Hill
1998, Leon and Bjorndal 2002).
Predators of hawksbills vary according to turtle location and size. Land predators on eggs and hatchlings
include ants, crabs, birds, and mammals, such as dogs, raccoons, and feral pigs. Aquatic predators,
mostly fish and sharks, impact hatchlings most heavily in nearshore areas. Sharks are also the primary
predators of juvenile and adult turtles (Stancyk 1982).
3.5.2.5.5

Species-Specific Threats

The hawksbill shell has been prized for centuries by artisans and their patrons for jewelry and other
adornments. This trade, prohibited under the Convention on International Trade in Endangered Species
of Wild Fauna and Flora, remains a critical threat to the species (National Marine Fisheries Service and
U.S. Fish and Wildlife Service 2007b).
An additional threat to hawksbill sea turtles is loss of nesting habitat caused by the expansion of
resident human populations in coastal areas of the world, as well as the increased destruction or
modification of coastal ecosystems to support tourism (National Marine Fisheries Service and U.S. Fish
and Wildlife Service 1998c). Coastal pollution as a result of increased development degrades water
quality, particularly coral reefs, which are primary foraging areas for hawksbills.
3.5.2.6

Loggerhead Sea Turtle (Caretta caretta)

3.5.2.6.1

Status and Management

In a September 2011 rulemaking, the NMFS and USFWS determined that the loggerhead sea turtle is
composed of nine distinct population segments, four listed as threatened (Northwest Atlantic Ocean,
South Atlantic Ocean, Southeast Indo-Pacific Ocean, and Southwest Indian Ocean) and five as
endangered (Northeast Atlantic Ocean, Mediterranean Sea, North Indian Ocean, North Pacific, and
South Pacific) under the ESA to be effective 24 October 2011. No critical habitat is listed for the
loggerhead, but the rulemaking indicated that critical habitat be designated after any listing revision (76
FR 58868).
3.5.2.6.2

Habitat and Geographic Range

The loggerhead is found in temperate to tropical regions and is generally found between 40°N and 40°S
of the Atlantic, Pacific, and Indian Oceans and in the Mediterranean Sea (National Marine Fisheries
Service and U.S. Fish and Wildlife Service 2007d). The loggerhead turtle is found in habitats ranging from
coastal estuaries to the open ocean (Dodd 1988). The species may be found hundreds of miles out to
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sea, as well as in nearshore areas such as bays, lagoons, salt marshes, creeks, ship channels, and the
mouths of large rivers. The nearshore juvenile stage and adult foraging stage both occur in the
nearshore zone. Coral reefs, rocky places, and ship wrecks are often used as feeding areas. The
loggerhead turtles here are active and feed primarily on the bottom (epibenthic/demersal), though prey
is also captured throughout the water column (Bjorndal 2003). The nearshore zone not only provides
crucial foraging habitat, but can also provide inter-nesting and overwintering habitat. Tagging data
revealed that migratory routes may be coastal or may involve crossing deep ocean waters (Peckham et
al. 2007); an oceanic route may be taken even when a coastal route is an option (Schroeder et al. 2003).
3.5.2.6.2.1

Open Ocean

Loggerheads spend the first 7–11.5 years of their lives in the open ocean (Bjorndal et al. 2000). After
hatchlings travel to oceanic habitats, they are often found in seaweed drift lines. Juvenile loggerhead
turtles of the North Pacific occur in one of at least two distinct habitats for extended periods, the
oceanic waters of the central North Pacific and the nearshore waters of the Baja California peninsula
(Kobayashi et al. 2008). In the western North Pacific, Polovina et al. (2004) and Parker and Balazs (2005)
found that juvenile and adult loggerheads (both in the western North Pacific Ocean) swim against weak
prevailing currents because they are attracted to areas of high productivity. Similar observations have
been made in the Atlantic (Hawkes et al. 2006). These results suggest that the location of currents and
associated frontal eddies is important to the loggerhead’s foraging during its open ocean stage
(Mansfield et al. 2009; McClellan and Read 2007).
3.5.2.6.2.2

Coastal

At about 14 years old, some juveniles move to nearshore habitats close to their natal area, while others
remain in the oceanic habitat or move back and forth between the two (McClellan and Read 2007,
Mansfield et al. 2009, Musick and Limpus 1997). Turtles may use the same nearshore developmental
habitat all through maturation or may move among different areas, finally settling in an adult foraging
habitat. Loggerheads reach sexual maturity at around 35 years of age and move from subadult to adult
coastal foraging habitats (Godley et al. 2003; Musick and Limpus 1997). Data from Japan (Hatase et al.
2002), Cape Verde (Hawkes et al. 2006), and Florida (Reich et al. 2007) indicate that at least some of the
adult population forage in the open ocean.
Loggerheads typically nest on beaches close to reef formations and adjacent to warm currents (Dodd
1988). They prefer nesting beaches facing the open ocean or along narrow bays (Conant et al. 2009).
Nesting beaches tend to be wide and sandy, backed by low dunes and fronted by a flat sandy approach
from the water (Miller et al. 2003). Nests are typically laid between the high tide line and the dune front
(Hailman and Elowson 1992). Within the north Pacific, loggerheads nest exclusively in Japan where a 50
to 90 percent decrease has been documented (Kamezaki et al. 2003). In the south Pacific, nesting
beaches are restricted to eastern Australia and New Caledonia. Although the nesting trend in the north
Pacific since 2001 has been on an upward trajectory (National Marine Fisheries Service 2008), these
nesting populations continue to face impacts from directed hunting, coastal development, light
pollution, beach armoring (Kamezaki et al. 2003), and incidental capture in coastal and pelagic fisheries
(Peckham et al. 2007, Ishihara et al. 2011, Lewison et al. 2004). Beach erosion due to increased typhoon
frequency and extreme temperatures are also known to cause high nest mortality.
Females lay three to five clutches of eggs, sometimes more, throughout a single nesting season
(National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007d). Clutch size is usually
between 100 to 130 eggs (Dodd 1988). The temperature of a viable nest ranges between 26 and 32°C
(79 and 90 degrees Fahrenheit). Eggs incubate for approximately 2 months before they hatch (Yntema
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and Mrosovsky 1980). An incubation temperature near the upper end of the viable range produces
females, and an incubation temperature near the lower end produces male hatchlings (Yntema and
Mrosovsky 1980).
3.5.2.6.3

Population and Abundance

The loggerhead sea turtle occurs throughout the temperate and tropical regions of the Atlantic, Pacific,
and Indian Oceans. However, the majority of loggerhead nesting is at the western rims of the Atlantic
and Indian oceans (Encalada et al. 1998). South Florida and Masirah, Oman, are the only two nesting
beaches in the world with greater than 10,000 females nesting per year. The total estimated nesting in
the United States is approximately 68,000 to 90,000 nests per year. The major nesting concentrations in
the United States are found in South Florida; however, loggerheads nest from Padre Island in South
Texas to Virginia (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998c). The only
known nesting areas for loggerheads in the North Pacific are found in southern Japan (National Marine
Fisheries Service and U.S. Fish and Wildlife Service 1998c, Kamezaki et al. 2003).
Snover et al. (2010) combined nesting data from the Sea Turtle Association of Japan and data from
Kamezaki et al. (2003) to analyze an 18-year time series of nesting data from 1990–2007. Nesting
declined from an initial peak of approximately 6,638 nests in 1990–1991 to a low of 2,064 nests in 1997.
During the past decade, nesting increased gradually to 5,167 nests in 2005, declined and then rose again
to a high of just under 11,000 nests in 2008. While nesting numbers have gradually increased in recent
years, historical evidence from Kamouda Beach, Japan (census data dates back to the 1950s) indicates
that there has been a substantial decline over the last half of the 20th century (Kamezaki et al. 2003)
and that current nesting represents a fraction of historical nesting levels.
There are no sighting, stranding, or nesting records for loggerhead turtles around Guam and the
Commonwealth of the Northern Mariana Islands. As a result, loggerhead turtles are considered rare
within the MITT Study Area. The nearest occurrences of this species are from the waters off Palau and
the Philippines (Sagun et al. 2005). This species is more apt to be found in temperate waters of the
North Pacific Ocean (i.e., north of 25°N) off of countries such as Japan, China, Taiwan, northwestern
Mexico, and the southwestern U.S. including Hawaii (National Marine Fisheries Service and U.S. Fish and
Wildlife Service 1998c; Polovina et al. 2001, 2004). However, Guam and the Commonwealth of the
Northern Mariana Islands are identified as being within the species’ overall range (National Marine
Fisheries Service and U.S. Fish and Wildlife Service 2007d, Kobayashi et al. 2008). Also, the westward
flowing current of the North Pacific Subtropical Gyre system, which late juvenile stage loggerheads use
when returning to the western Pacific, passes through the Marianas region (Polovina et al. 2000). Given
the paucity of animal sightings, for modeling purposes in the effects analysis that follows, a density of
0.000022 animals per km2 (1 sea turtle per 45,454 km2 [17,550 mi.2]) is used to represent the occasional
transit of the MITT Study Area (U.S. Department of the Navy 2012).
3.5.2.6.4

Predator-Prey Interactions

In both open ocean and nearshore habitats, loggerheads are primarily carnivorous, although they also
consume some algal matter (Parker et al. 2005; Bjorndal 1997; Dodd 1988). The gut contents of
post-hatchlings found in masses of Sargassum contained parts of Sargassum, zooplankton, jellyfish,
larval shrimp and crabs, and gastropods (Carr and Meylan 1980; Richardson and McGillivary 1991;
Witherington 1994). Both juveniles and adults forage in coastal habitats, where they feed primarily on
the bottom, although they also capture prey throughout the water column (McClellan et al. 2010,
Bjorndal 2003). Adult loggerheads feed on a variety of bottom-dwelling animals, such as crabs, shrimp,
sea urchins, sponges, and fish. They have powerful jaws that enable them to feed on hard-shelled prey,
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such as whelks and conch. During migration through the open sea, they eat jellyfish, mollusks, flying fish,
and squid.
Depredation of sea turtle eggs and hatchlings by native and introduced species occurs on almost all
nesting beaches. Land predators that feed on eggs and hatchlings include crabs, insects, and mammals,
such as feral/domestic dogs, foxes, and feral pigs. Aquatic predators, mostly fish and sharks, impact
hatchlings most heavily in nearshore areas. Sharks are also the primary predators of juvenile and adult
turtles (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998e).
3.5.2.6.5

Species-Specific Threats

In addition to the general threats described in the introduction to this resource, mortality associated
with shrimp trawls in the Atlantic has been a substantial threat to juvenile loggerheads because these
trawls operate in the nearshore habitats commonly used by this species. Although shrimping nets have
been modified with turtle excluder devices to allow sea turtles to escape, the overall effectiveness of
these devices has been difficult to assess (National Marine Fisheries Service and U.S. Fish and Wildlife
2009). Shrimp trawl fisheries account for the highest number of loggerhead sea turtle fishery
mortalities; they are also captured and killed in trawls, traps and pots, longlines, and dredges.
3.5.2.6.6

Olive Ridley Sea Turtle (Lepidochelys olivacea)

3.5.2.6.7

Status and Management

Olive ridleys are classified as threatened under the ESA, although the Mexican Pacific coast nesting
population is listed as endangered. Critical habitat has not been designated for the olive ridley.
3.5.2.6.8

Habitat and Geographic Range

The olive ridley is known as an open ocean species, but can be found in coastal areas. They are found in
tropical waters of the south Atlantic, Indian, and Pacific Oceans.
3.5.2.6.8.1

Open Ocean

Most olive ridley turtles lead a primarily open ocean life (National Marine Fisheries Service and U.S. Fish
and Wildlife Service 1998f). Outside of the breeding season, the turtles disperse, neither males nor
females migrate to one specific foraging area, and the olive ridleys tend to roam and occupy a series of
feeding areas in the open ocean (Plotkin et al. 1994, Plotkin 2010, Whiting 2007). The olive ridley has a
large range in tropical and subtropical regions in the Pacific Ocean, and is generally found between 40°N
and 40°S. Both adult and juvenile olive ridley turtles typically inhabit offshore waters, foraging from the
surface to a depth of 490 ft. (149.4 m) (National Marine Fisheries Service and U.S. Fish and Wildlife
Service 1998f).
Little is known about the age and sex distribution, growth, birth and death rates, or immigration and
emigration of olive ridley turtles. Hatchling survivorship is unknown, although presumably, as with other
turtles, many die during the early life stages. Both adults and juveniles occur in open sea habitats, often
seen on at-sea transect studies (Eguchi et al. 2007). The median age to sexual maturity is 13 years, with
a range of 10 to 18 years (Zug et al. 2006).
3.5.2.6.8.2

Coastal

Olive ridley turtles use two types of nesting strategies (Jensen et al. 2006). One strategy is to perform
synchronized nesting, a phenomenon known as an arribada (National Marine Fisheries Service and
U.S. Fish and Wildlife Service 1998f), where hundreds to tens of thousands of olive ridley turtles emerge
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over a period of a few days. In the eastern Pacific Ocean, arribada nesting occurs throughout the year,
although it peaks from August to November (Fonseca et al. 2009, Valverde 2012). Arribadas occur on
several beaches in Mexico, Nicaragua, Costa Rica, and Panama. Olive ridley turtles also lay solitary nests
throughout the world, although little attention has been given to this nesting strategy because of the
dominant interest in arribada research (National Marine Fisheries Service and U.S. Fish and Wildlife
Service 2007b). Nesting occurs in at least 60 countries throughout the world (Abreu-Grobois and Plotkin
2008), including along nearly the entire Pacific Ocean coast of Mexico, with the greatest concentrations
closer to arribada beaches.
Females and males begin to group in “reproductive patches” near their nesting beaches 2 months
before the nesting season, and most mate near the nesting beaches, although mating has been
observed throughout the year as far as 565 mi. (909.3 km) from the nearest mainland (Pitman 1990).
Arribadas usually last from 3 to 7 nights, and due to the sheer number of nesters, later arrivers disturb
and dig up many existing nests, lowering overall survivorship during this phase (National Marine
Fisheries Service and U.S. Fish and Wildlife Service 1998f). A typical female produces, on average, two
clutches per nesting season, averaging 100–110 eggs at 14-day intervals for lone nesters and 28-day
intervals for mass nesters (National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007,
Plotkin et al. 1994). Studies show that females that are part of arribadas remain within 3 mi. (4.8 km) of
the beach most of the time during the internesting period (Kalb and Owens 1994). Incubation time from
egg deposition to hatching is approximately 55 days (Pritchard and Plotkin 1995). Hatchlings emerge
weighing less than 1 oz. (less than 28 g) and measuring about 1.5 in. (3.8 cm).
3.5.2.6.9

Population and Abundance

There has been a general decline in the abundance of this species since its listing in 1978. Even though
there are no current estimates of worldwide abundance, the olive ridley is still considered the most
abundant of the world’s sea turtles (Pritchard 1997) and the most abundant sea turtle in the open ocean
waters of the eastern tropical Pacific Ocean (Pitman 1990). However, the number of olive ridley turtles
occurring in U.S. territorial waters is believed to be small (National Marine Fisheries Service and U.S. Fish
and Wildlife Service 1998f). Before the commercial exploitation of olive ridley turtles, this species was
highly abundant in the eastern tropical Pacific Ocean, probably outnumbering all other sea turtle species
combined in the area (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998f).
Available information indicates that the population could be separated by ocean basins under the
distinct population segment policy (National Marine Fisheries Service and U.S. Fish and Wildlife Service
1998e). Based on genetic data, the worldwide olive ridley population is composed of four main lineages:
east India, Indo-Western Pacific, Atlantic, and eastern Pacific Ocean (Bowen and Karl 1997, Shankar
et al. 2004).
The olive ridley nests in nearly 60 countries worldwide, in some locations with an estimated 800,000
females nesting annually Valverde et al. 2012). This is a dramatic decrease over the past 50 years, where
the population from the five Mexican Pacific Ocean beaches was previously estimated at 10 million
adults (Cliffton et al. 1995). Similarly, the largest nesting aggregation in the world used to occur in the
Indian Ocean along the northeast coast of India (Orissa), where in 1991 over 600,000 turtles (from two
separate arribadas) nested in a single week (Nmosovsky 2001; Shanker et al. 2004) and typical reported
estimates have ranged from 100 to 800,000 nesting turtles (Shanker et al. 2004). Over the past 5 years
at Gahirmatha (one of the Indian nesting sites), there has been an arribada nesting event in only 2 of
those 5 years. Additionally, between 1996 and 2002, the average size of nesting females declined at that
site, indicative of a declining population (National Oceanic and Atmospheric Administration 2011).
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Between 2006 and 2010, at a mass-nesting site in Costa Rica, arribadas ranged between 3,564 and
476,550 egg-laying females. However, when compared with historical data, the population appears to
have declined (Valverde et al. 2012).
Only one olive ridley record exists for Guam and the Commonwealth of the Northern Mariana Islands,
an alleged capture in the waters near Saipan. The exact location of this capture, however, is unknown
since the turtle was offered for sale in a local souvenir shop. The nearest in-water sightings of this
species have occurred within the Yap Districts (Eckert et al. 1999; Pritchard and Plotkin 1995). It is
possible that future occurrences could occur in the MITT Study Area and vicinity as olive ridleys have
been satellite-tracked through North Pacific waters as far south as 8°N during developmental migrations
(Eguchi et al. 2007; Polovina et al. 2004). The occurrence of the olive ridley turtle is rare throughout the
year in all waters surrounding Guam and the Commonwealth of the Northern Mariana Islands that are
seaward of the shelf break because they are primarily an oceanic species. In portions of the MITT Study
Area located inside the shelf break (e.g., Apra Harbor, Agat Bay, nearshore waters around northern
Tinian), olive ridley turtle sightings would be rare. Given the paucity of sightings of olive ridleys, for
modeling purposes in the effects analysis that follows, a density of 0.000001 animal per km2 is used to
represent the occasional transit of the MITT Study Area by an olive ridley sea turtle (U.S. Department of
the Navy 2012).
3.5.2.6.10 Predator-Prey Interactions

Olive ridley turtles are primarily carnivorous. They consume a variety of prey in the water column and on
the seafloor, including snails, clams, tunicates, fish, fish eggs, crabs, oysters, sea urchins, shrimp, and
jellyfish (Fritts 1981; Márquez M. 1990; Mortimer 1995; Polovina et al. 2004).
Predators contribute to egg loss and include coyotes, opossums, raccoons, feral dogs and pigs, and
humans. The predators of hatchlings on the beach include crabs, snakes, iguanas, frigatebirds, vultures,
coyotes, and raccoons; in the water they include predatory fish. As with all marine turtles, sharks are
likely to be major predators of all age classes at sea (National Marine Fisheries Service and U.S. Fish and
Wildlife Service 1998f).
3.5.2.6.11 Species-Specific Threats

The principal cause of the historical, worldwide decline of the olive ridley sea turtle is long-term
collection of eggs and killing of adults on nesting beaches (Abreu-Grobis and Plotkin 2008). Because
arribadas concentrate females and nests in time and space, they allow for mass killing of adult females
as well as the taking of an extraordinary number of eggs. These threats continue in some areas of the
world today, compromising efforts to recover this species (National Marine Fisheries Service and
U.S. Fish and Wildlife Service 2007b), though some regions are employing legal harvests as a
management tool (Valverde et al. 2012).
3.5.2.7

Leatherback Sea Turtle (Dermochelys coriacea)

3.5.2.7.1

Status and Management

The leatherback turtle is listed as a single population, and is classified as endangered under the ESA.
In January 2012, NMFS designated critical habitat in the Pacific Ocean along California (from Point Arena
to Point Arguello, east of the 3,000 m [9,842.5 ft.] depth contour) and Washington and Oregon (from
Cape Flattery, Washington, to Cape Blanco, Oregon, east of the 2,000 m [6,561.7 ft.] depth contour)
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(77 Federal Register 170-4201). There is no critical habitat designated for the leatherback sea turtle in
the MITT Study Area.
3.5.2.7.2

Habitat and Geographic Range

The leatherback turtle is the most widely distributed of all sea turtles, found from tropical to subpolar
oceans, and nests on tropical and occasionally subtropical beaches (Myers and Hays 2006; National
Marine Fisheries Service and U.S. Fish and Wildlife Service 1992). Found from 71°N to 47°S, it has the
most extensive range of any adult turtle (Eckert et al. 2012). Leatherbacks are also the most migratory
sea turtles and are able to tolerate colder water (thermoregulatory adaptations such as a countercurrent heat exchange system, high oil content, and large body size allow them to maintain a core body
temperature higher than that of the surrounding water) than other species (Hughes et al. 1998; James
and Mrosovsky 2004).
3.5.2.7.2.1

Open Ocean

Adult leatherback turtles forage in temperate and subpolar regions in all oceans, and migrate to tropical
nesting beaches between 30°N and 20°S. Hatchling leatherbacks head out to the open ocean, but little is
known about their distribution for the first 4 years (Musick and Limpus 1997). Sightings of turtles smaller
than 55 in. (139.7 cm) indicate that some juveniles remain in coastal waters in some areas (Eckert 2002).
As with other sea turtle species, limited information is available on the open ocean habitats used by
hatchling and early juvenile leatherbacks (National Marine Fisheries Service and U.S. Fish and Wildlife
Service 1992). Other than a general association with warm waters, little is known of the distribution of
hatchling and early juvenile leatherbacks, although Eckert (2002) noted a gradual increase in turtle size
with increasing latitude. Upwelling areas, such as equatorial convergence zones, are nursery grounds for
hatchling and early juvenile leatherbacks, because these areas provide a good supply of prey (Musick
and Limpus 1997).
3.5.2.7.2.2

Coastal

Throughout their lives, leatherbacks are essentially oceanic, yet they enter coastal waters to forage and
reproduce (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1992). The species is not
typically associated with coral reefs, but is occasionally encountered in deep ocean waters near
prominent island chains (Eckert 1993). There is evidence that leatherbacks are associated with oceanic
front systems, which occur frequently along shelf breaks and the edges of oceanic gyre systems, and is
often where their prey (mainly planktonic) is concentrated (Benson et al. 2011, Eckert 1993).
Leatherbacks have a wide nesting distribution, primarily on isolated mainland beaches in tropical oceans
(mainly in the Atlantic and Pacific Oceans, with few in the Indian Ocean) and temperate oceans
(southwest Indian Ocean) (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1992),
and to a lesser degree on some islands. Nesting leatherbacks prefer wide sandy beaches backed with
vegetation (Eckert 1987; Hirth and Ogren 1987). For both the western and eastern Pacific Ocean
populations, the nesting season extends from October through March, with a peak in December. The
single exception is the Jamursba-Medi (Papua) stock, which nests from April to October, with a peak in
August (Chaloupka et al. 2004). Typical clutches are 50 to more than 150 eggs, with the incubation
period lasting around 65 days. Females lay an average of five to seven clutches in a single season (with a
maximum of 11) with intervals of 8 to 10 days or longer (National Marine Fisheries Service and U.S. Fish
and Wildlife Service 1992). Females remain in the general vicinity of the nesting habitat for their
breeding period, which can last up to 4 months (Eckert, K. et al. 1989; Eckert S. et al. 1989; Keinath and
Musick 1993), although they may nest on several islands in a chain during a single nesting season
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(Pritchard 1982). Mating is thought to occur before or during the migration from temperate to tropical
waters (Eckert and Eckert 1988).
3.5.2.7.3

Population and Abundance

Most stocks in the Pacific Ocean are faring poorly, where nesting populations have declined more than
80 percent since 1982 (Sarti-Martinez 2000), while western Atlantic and South African populations are
generally stable or increasing (Turtle Expert Working Group 2007). Worldwide, the largest nesting
populations now occur off of Gabon in equatorial West Africa (5,865 to 20,499 females nesting per year
[Witt et al. 2009]), in the western Atlantic in French Guiana (4,500 to 7,500 females nesting per year
[Dutton et al. 2007]) and Trinidad (estimated 6,000 turtles nesting annually [Eckert 2002]), and in the
western Pacific in West Papua (formerly Irian Jaya), Indonesia (about 600 to 650 females nesting per
year [Dutton et al. 2007]). By 2004, 203 nesting beaches from 46 countries around the world had been
identified (Dutton 2006). Of these, 89 sites (44 percent) have generated data from beach monitoring
programs. Although these data are beginning to form a global perspective, unidentified sites likely exist,
and incomplete or no data are available for many known sites. Genetic studies have been used to
identify two discrete leatherback populations in the Pacific Ocean (Dutton 2006): an eastern Pacific
Ocean population, which nests between Mexico and Ecuador; and a western Pacific Ocean population,
which nests in numerous countries, including Indonesia, Papua New Guinea, Solomon Islands, and
Vanuatu. There are 28 known nesting sites for the western Pacific Ocean stock, with 5,000 to 9,100
leatherback nests laid annually across the western tropical Pacific Ocean, from Australia and Melanesia
(Papua New Guinea, Solomon Islands, Fiji, and Vanuatu) to Indonesia, Thailand, and China (Chaloupka et
al. 2004; Dutton 2006; Hirth et al. 1993; Hitipeuw et al. 2007; Suarez et al. 2000). Although, no more
than 10 nests are estimated to be laid annually in Malaysia (Eckert et al. 2012) and only approximately
20 to 30 nests are laid in Fiji (Rupeni et al. 2002).
Leatherbacks have been in decline in all major Pacific basin rookeries (nesting areas/groups) (National
Marine Fisheries Service and U.S. Fish and Wildlife Service 2007b, Turtle Expert Working Group 2007) for
at least the last two decades (Sarti-Martinez et al. 1996, Spotila et al. 1996, Spotila et al. 2000). Causes
for this decline include the nearly complete harvest of eggs and high levels of mortality during the
1980s, primarily in the high seas driftnet fishery, which is now banned (Chaloupka et al. 2004, Eckert and
Sarti-Martinez 1997, Sarti-Martinez et al. 1996).
Of the three sea turtle species that have been sighted around Guam and the Commonwealth of the
Northern Mariana Islands during marine surveys, the leatherback turtle is the least common
(U.S. Department of the Navy 2003b). This species is occasionally encountered in the deep, pelagic
waters of the Marianas archipelago, although only a few occurrence records exist (Eckert et al. 1999).
Recent National Oceanic and Atmospheric Administration satellite tracking of leatherback turtles
departing from regional nesting habitats transit through MITT waters (Benson et al. 2011; Benson et al.
2007; Kobayashi et al. 2008). As for nearshore waters, Eldredge (2003) noted a rescue in 1978 of a
249-pound (lb.) (112.9 kg) leatherback from waters southeast of Cocos Island, Guam. From 1987 to
1989, divers reported seeing leatherbacks in the waters off Harmon Point, Rota; however, none have
been seen in the area in recent times (U.S. Department of the Navy 2010). Leatherbacks do not nest at
any of the islands in Micronesia. As a result, the occurrence of leatherback turtles would be considered
rare throughout the year in nearshore waters of the Study Area. Since leatherback occurrences in the
waters off Guam and the Commonwealth of the Northern Mariana Islands would most likely involve
individuals in transit, occurrence is not expected in coastal (i.e., shelf) waters around any of the islands
in the Study Area. Given the paucity of animal sightings, for modeling purposes in the effects analysis
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that follows, a density of 0.000022 animal per km2 is used to represent the occasional transit of the
MITT Study Area (U.S. Department of the Navy 2012).
3.5.2.7.4

Predator-Prey Interactions

Leatherbacks lack the crushing and chewing plates characteristic of hard-shelled sea turtles that feed on
hard-bodied prey (National Marine Fisheries Service 2010). Instead, they have pointed tooth-like cusps
and sharp-edged jaws that are perfectly adapted for a diet of soft-bodied prey, such as jellyfish and salps
(planktonic tunicate) (Bjorndal 1997; Grant and Ferrell 1993; James and Herman 2001; National Marine
Fisheries Service and U.S. Fish and Wildlife Service 1992; Salmon et al. 2004). Leatherbacks feed from
the surface as well as at depth, potentially diving up to 4,035 ft. (1,230 m) (Eckert S. et al. 1989;
Eisenberg and Frazier 1983; Grant and Ferrell 1993; Hays et al. 2004a; Hays 2004b; Hays et al. 2004c;
James et al. 2005; Salmon et al. 2004). Leatherbacks in the Caribbean may synchronize their diving
patterns with the daily vertical migration of a deep-water ecosystem of fishes, crustaceans, gelatinous
salps, and siphonophores, known as the deep scattering layer, which moves toward the surface of the
ocean at dusk and rapidly descends in the morning (Eckert et al. 1986; Eckert, K. et al. 1989; Eckert, S. et
al. 1989). A similar vertical migration of small fish and crustacean species has been studied in the Pacific,
which migrates from approximately 1,300 to 2,300 ft. (396 to 701 m) during the day to near the surface
at night (Benoit-Bird et al. 2001). Researchers studying known feeding grounds have observed
leatherbacks foraging on jellyfish at the surface (Grant and Ferrell 1993; James and Herman 2001).
Predators contribute to egg loss and include feral pigs and dogs, crickets, raccoons and armadillos,
lizards, crabs, ants, among others (Tapilatu and Tiwari 2007). Predation of hatchlings is commonly
observed in birds and fish. As with all marine turtles, sharks are likely to be major predators of all age
classes at sea, and killer whales predate leatherback adults (National Marine Fisheries Service and
U.S. Fish and Wildlife Service 1998d).
3.5.2.7.5

Species-Specific Threats

In addition to the general threats described at the beginning of Section 3.5.2 (Affected Environment),
harvest of leatherback sea turtle eggs and adult turtles continues to be a threat in many parts of the
world. Additionally, incidental capture in longline and coastal gillnet fisheries has caused a substantial
number of leatherback sea turtle deaths, likely because leatherback sea turtles dive to depths targeted
by fishermen and are less maneuverable than other sea turtle species (National Marine Fisheries Service
and U.S. Fish and Wildlife Service 2007c).Mortality was observed most commonly occurring from
incidental capture in driftnets, rather than from longlines (Alfaro-Shigueto et al. 2011). Further, because
leatherback sea turtles distribution is so closely associated jellyfish aggregations, any changes in jellyfish
distribution or abundance may be a threat to this species.
3.5.3

ENVIRONMENTAL CONSEQUENCES

This section presents the analysis of potential impacts on sea turtles from implementation of the project
alternatives, including the No Action Alternative, Alternative 1, and Alternative 2. Each sea turtle
substressor is introduced, analyzed by alternative, and analyzed for training activities and testing
activities, and then an ESA determination is made by substressor. The stressors vary in intensity,
frequency, duration, and location within the Study Area. The stressors applicable to sea turtles in the
MITT Study Area and analyzed below include the following:


Acoustic (sonar and other active acoustic sources; underwater explosives; swimmer defense
airguns; weapons firing, launch, and impact noise; vessel noise; and aircraft noise)
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Energy (electromagnetic devices)
Physical disturbance and strike (vessels and in-water devices, military expended materials, and
seafloor devices)
Entanglement (fiber optic cables and guidance wires, and decelerators/parachutes)
Ingestion (munitions and military expended materials other than munitions)
Secondary (impacts associated with sediments and water quality)

The specific analysis of the training and testing activities presented in this section considers the relevant
components and associated data within the geographic location of the activity (see Tables 2.8-1 through
2.8-4) and the resource.
3.5.3.1

Acoustic Stressors

3.5.3.1.1

Impulse and Non-Impulse Sound Sources

Assessing whether sounds may disturb or injure an animal involves understanding the characteristics of
the acoustic sources, the animals that may be present in the vicinity of the sound, and the effects that
sound may have on the physiology and behavior of those animals.
The methods used to predict acoustic effects on sea turtles build upon the Conceptual Framework for
Assessing Effects from Sound-Producing Activities (Appendix H, Biological Resource Methods).
Additional research specific to sea turtles is presented where available.
3.5.3.1.2

Analysis Background and Framework

A range of impacts on sea turtles could occur depending on the sound source. The impacts of exposure
to non-explosive, sound-producing activities or to sounds produced by an explosive detonation could
include permanent or temporary hearing loss, changes in behavior, and physiological stress. In addition,
potential impacts from an explosive impulse can range from physical discomfort to non-lethal and lethal
injuries. Immediate non-lethal injury includes slight injury to internal organs and injury to the auditory
system, which could reduce long-term fitness (lifetime reproductive success). Immediate lethal injury
would be a result of massive combined trauma to internal organs as a direct result of proximity to the
point of detonation.
3.5.3.1.2.1

Direct Injury

Direct injury from non-impulsive sound sources, such as sonar, is unlikely due to relatively lower peak
pressures and slower rise times than potentially injurious sources such as explosives. Non-impulsive
sources also lack the strong shock waves that are associated with explosives. Therefore, primary blast
injury and barotrauma would not occur due to exposure to non-impulsive sources such as sonar and are
only considered for explosive detonations.
The potential for trauma in sea turtles exposed to impulsive sources (e.g., explosions) has been inferred
from tests of submerged terrestrial mammals exposed to underwater explosions (Ketten et al. 1993;
Richmond et al. 1973; Yelverton et al. 1973). The effects of an underwater explosion on a sea turtle are
dependent upon multiple factors, including size, type, and depth of both the animal and the explosive,
depth of the water column, and distance from the charge to the animal. Smaller sea turtles would
generally be more susceptible to injury. The compression of blast-sensitive, gas-containing organs when
a sea turtle increases depth reduces likelihood of injury to these organs. The location of the explosion in
the water column and the underwater environment determines whether most energy is released into
the water or the air and influences the propagation of the blast wave.
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Primary Blast Injury and Barotrauma

The greatest potential for direct, non-auditory tissue impacts is primary blast injury and barotrauma
after exposure to the shock waves of high-amplitude impulse sources, such as explosions. Primary blast
injury refers to those injuries that result from the initial compression of a body exposed to the high
pressure of a blast or shock wave. Primary blast injury is usually limited to gas-containing structures
(e.g., lung and gut) and the pressure-sensitive components of the auditory system (discussed below)
(Stuhmiller et al. 1991; Craig and Hearn 1998; Craig Jr. 2001), although additional injuries could include
concussive brain damage and cranial, skeletal, or shell fractures (Ketten 1995). Barotrauma refers to
injuries caused when large pressure changes occur across tissue interfaces, normally at the boundaries
of air-filled tissues such as the lungs. Primary blast injury to the respiratory system, as measured in
terrestrial mammals, may consist of lung bruising, collapsed lung, traumatic lung cysts, or air in the chest
cavity or other tissues (Stuhmiller et al. 1991). These injuries may be fatal depending on the severity of
the trauma. Rupture of the lung may introduce air into the vascular system, possibly producing air
blockage that can cause a stroke or heart attack by restricting oxygen delivery to these organs. Although
often secondary in life-threatening severity to pulmonary blast trauma, the gastrointestinal tract can
also suffer bruising and tearing from blast exposure, particularly in air-containing regions of the tract.
Potential traumas include internal bleeding, bowel perforation, tissue tears, and ruptures of the hollow
abdominal organs. Although hemorrhage of solid organs (e.g., liver, spleen, and kidney) from blast
exposure is possible, rupture of these organs is rarely encountered. Non-lethal injuries could increase a
sea turtle’s risk of predation, disease, or infection.
Auditory Trauma

Components of the auditory system that detect smaller or more gradual pressure changes can also be
damaged when overloaded at high pressures with rapid rise times. Rupture of the eardrum, while not
necessarily a serious or life-threatening injury, may lead to permanent hearing loss (Ketten 1995, 1998).
No data exist to correlate the sensitivity of the sea turtle tympanum and middle and inner ear to trauma
from shock waves associated with underwater explosions (Viada et al. 2008).
The specific impacts of bulk cavitation on sea turtles are unknown (see Costanzo 2010, for an
explanation of cavitation following an explosive detonation). The presence of a sea turtle within the
cavitation region created by the detonation of small charges could annoy, injure, or increase the severity
of the injuries caused by the shock wave, including injuries to the auditory system or lungs. Presence
within the area of cavitation from a large charge, such as those used in ship shock trials, is expected to
be an area of almost complete total physical trauma (Craig and Rye 2008). An animal located at (or in
the immediate vicinity of) the cavitation closure depth would be subjected to a short duration (“water
hammer”) pressure pulse; however, direct shock wave impacts alone would be expected to cause
auditory system injuries and could cause internal organ injuries.
3.5.3.1.2.2

Hearing Loss

Hearing loss could effectively reduce the distance over which sea turtles can detect biologically relevant
sounds. Both auditory trauma (a direct injury discussed above) and auditory fatigue may result in
hearing loss, but the mechanisms responsible for auditory fatigue differ from auditory trauma. Hearing
loss due to auditory fatigue is also known as threshold shift, a reduction in hearing sensitivity at certain
frequencies. Threshold shift is the difference between hearing thresholds measured before and after an
intense, fatiguing sound exposure. Threshold shift occurs when hair cells in the ear fatigue, causing them
to become less sensitive over a small range of frequencies related to the sound source to which an
animal was exposed. Hair cells are part of the basilar membrane and are responsible for converting the
mechanical movement of waves of sound to an electrochemical signal that is received by the auditory
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nerve. Each hair cell has a characteristic frequency that is correlated with its position along the basilar
membrane. The actual amount of threshold shift depends on the amplitude, duration, frequency, and
temporal pattern of the sound exposure. No studies are published on inducing threshold shift in sea
turtles; therefore, the potential for the impact on sea turtles is inferred from studies of threshold shift in
other animals.
Temporary threshold shift (TTS) is a hearing loss that recovers to the original hearing threshold over a
period of time. An animal may not even be aware of a TTS. It does not become deaf, but requires a
louder sound stimulus (relative to the amount of TTS) to detect a sound within the affected frequencies.
TTS may last several minutes to several days, depending on the intensity and duration of the sound
exposure that induced the threshold shift (including multiple exposures).
Permanent threshold shift (PTS) is a permanent loss of hearing sensitivity at a certain frequency range.
PTS is non-recoverable due to the destruction of tissues within the auditory system. The animal does not
become deaf, but requires a louder sound stimulus (relative to the amount of PTS) to detect a sound
within the affected frequencies. As the name suggests, the effect is permanent.
3.5.3.1.2.3

Auditory Masking

Auditory masking occurs when a sound prevents or limits the distance over which an animal detects
other biologically relevant sounds. When a sound has a level above the sound of interest, and in a
similar frequency band, auditory masking could occur (Appendix H, Biological Resource Methods). Any
sound above ambient noise levels and within an animal’s hearing range may potentially cause masking.
The degree of masking increases with increasing noise levels; a noise that is just-detectable over
ambient levels is unlikely to actually cause any substantial masking, whereas a louder noise may mask
sounds over a wider frequency range. In addition, a continuous sound would have more potential for
masking than a sound with a low duty cycle. In the open ocean, ambient noise levels are between about
60 and 80 dB re 1 µPa, especially at lower frequencies (below 100 Hz) and nearshore, ambient noise
levels, especially around busy ports, can exceed 120 dB re 1 µPa (Urick 1983).
Unlike auditory fatigue, which always results in a localized stress response, behavioral changes resulting
from auditory masking may not be coupled with a stress response. Another important distinction
between masking and hearing loss is that masking only occurs in the presence of the sound stimulus,
whereas hearing loss can persist after the stimulus is gone.
Based on knowledge of sea turtle sensory biology (Martin et al. 2012, Crognale et al. 2008, Southwood
et al. 2008, Bartol and Ketten 2006, Bartol and Musick 2003, Levenson et al. 2004), sea turtles may be
able to detect objects within the water column (e.g., vessels, prey, predators) via some combination of
auditory, visual or chemical cues. However, research examining the ability of sea turtles to avoid
collisions with vessels and to avoid fishing gear (Southwood et al. 2008, Hazel et al. 2007) indicate that
visual cues dominate over auditory, olfactory, and probably gustatory cues as well. Similarly, while sea
turtles may rely somewhat on acoustic cues to identify nesting beaches, they appear to rely more
heavily on other non-acoustic cues for navigation, such as magnetic fields (Lohmann 1991; Lohmann and
Lohmann 1996a, b) and light (Avens and Lohmann 2003). Additionally, they are not known to produce
sounds underwater for communication, navigation, or foraging. As a result, sound likely plays a limited
role in a sea turtle’s environment. It is unknown what role sound plays in a sea turtle environment;
therefore, the potential for masking may be limited.
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Physiological Stress

Sea turtles may exhibit a behavioral response or combinations of behavioral responses upon exposure
to anthropogenic sounds. If a sound is detected, a stress response (i.e., startle or annoyance) or a cueing
response (based on a past stressful experience) can occur. Sea turtles 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 activities have the potential to provide additional stressors above and beyond those that
occur in the absence of human activity.
Immature Kemp’s ridley sea turtles show physiological responses to the acute stress of capture and
handling through increased levels of the stress hormone corticosterone, along with biting and rapid
flipper movement (Gregory and Schmid 2001). Kemp’s ridley sea turtles are not found in the Study Area;
however, they are closely related to olive ridley sea turtles, which are found in the Study Area. Studies
involving Kemp’s ridley sea turtles are applicable to olive ridleys when comparative studies for olive
ridley sea turtles are lacking. Captive olive ridley hatchlings showed heightened blood glucose levels
following retention in holding ponds, indicating physiological stress (Rees et al. 2008; Zenteno et al.
2008). Repeated exposure to stressors, including human disturbance such as vessel disturbance and
anthropogenic sound, may result in negative consequences to the health and viability of an individual or
population (Gregory and Schmid 2001). Factors to consider when predicting a stress or cueing response
is whether an animal is naïve or has prior experience with a stressor. Prior experience with a stressor
may be of particular importance as repeated experience with a stressor may dull the stress response via
acclimation.
3.5.3.1.2.5

Behavioral Reactions

The response of a sea turtle to an anthropogenic sound will depend on the frequency, duration,
temporal pattern and amplitude of the sound as well as the animal’s prior experience with the sound
and the context in which the sound is encountered (i.e., what the animal is doing at the time of the
exposure). Distance from the source and whether it is perceived as approaching or moving away could
also affect the way a sea turtle responds to a sound. Potential behavioral responses to anthropogenic
sound could include startle reactions, disruption of feeding, disruption of migration, changes in
respiration, alteration of swim speed, alteration of swim direction, area avoidance, and disruption of
mating or reproduction (nesting).
There are limited studies of sea turtle responses to sounds. No studies have been performed to examine
the response of sea turtles to sonar. However, based on their limited range of hearing, they may
respond to sources operating below 2 kilohertz (kHz) but are unlikely to sense higher frequency sounds.
A few studies examined sea turtle reactions to airguns, which produce broadband impulse sound.
O’Hara and Wilcox (1990) attempted to create a sound barrier at the end of a canal using seismic
airguns. They reported that loggerhead turtles kept in a 984 ft. x 148 ft. (300 m x 45 m) enclosure in a
10 m (32.8 ft.) deep canal maintained a standoff range of 98 ft. (30 m) from airguns fired simultaneously
at intervals of 15 seconds with strongest sound components within the 25–1,000 Hz frequency range.
More frequent airgun blasts did not produce behavior different from that observed at lower
frequencies. Also, reverberation of acoustic stimuli off of canal walls confound observations as well as
experimental conditions. McCauley et al. (2000) estimated that the received level at which turtles
avoided sound in the O’Hara and Wilcox (1990) experiment was 175 to 176 dB re 1 μPa root mean
square (rms).
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Moein Bartol et al. (1995) investigated the use of air guns to repel juvenile loggerhead sea turtles from
hopper dredges. Sound frequencies of the airguns ranged from 100 to 1,000 Hz at three levels: 175, 177,
and 179 dB re 1 µPa at 1 m. The turtles avoided the airguns during the initial exposures (mean range of
24 m), but additional trials several days afterward did not elicit statistically significant avoidance. They
concluded that this was due to either habituation or a temporary shift in the turtles’ hearing capability.
In a related study, Lenhart (1994) found no consistent response to a fixed sound source in net or tank
studies with juvenile loggerheads.
McCauley et al. (2000) exposed caged green and loggerhead sea turtles to an approaching-departing
single air gun to gauge behavioral responses. The trials showed that above a received level of 166 dB re
1 μPa (rms) the turtles noticeably increased their swimming activity compared to non-operational
periods, with swimming time increasing as air gun levels increased during approach. Above 175 dB re 1
μPa (rms), behavior became more erratic, possibly indicating the turtles were in an agitated state
(McCauley et al. 2000). The authors note that the point at which the turtles showed the more erratic
behavior and exhibited possible agitation is expected to approximately equal the point at which active
avoidance would occur for unrestrained turtles (McCauley et al. 2000).
No obvious avoidance reactions by free-ranging sea turtles, such as swimming away, were observed
during a multi-month seismic survey using airgun arrays, although fewer sea turtles were observed
when the seismic airguns were active than when they were inactive (Weir 2007). The author noted that
sea state and the time of day affected both airgun operations and sea turtle surface basking behavior,
making it difficult to draw conclusions from the data. DeRuiter and Doukara (2012) noted that 49 of 86
loggerhead turtles basking at the sea surface dove in response to airgun sound exposure, the majority of
turtles observed while at the surface dove at or before their closest point of approach to the airgun
array blasts, and that dive probability decreased with increasing distance from the airgun array.
3.5.3.1.2.6

Repeated Exposures

Repeated exposures of an individual to multiple sound-producing activities over a season, year, or life
stage could cause reactions with energetic costs that can accumulate over time to cause long-term
negative consequences for the individual. Conversely, some sea turtles may habituate to or become
tolerant of repeated exposures over time, learning to ignore a stimulus that in the past did not
accompany any overt threat, such as high levels of ambient noise found in areas of high vessel traffic
(Hazel et al. 2007). In an experiment, after initial avoidance reactions, loggerhead sea turtles habituated
to repeated exposures to airguns of up to a source level of 179 dB re 1 μPa in an enclosure. The
habituation behavior was retained by the sea turtles when exposures were separated by several days
(Moein Bartol et al. 1995).
3.5.3.1.3

Acoustic and Explosive Thresholds and Criteria

Animals generally do not hear equally well across their entire hearing range. Several studies using green,
loggerhead, and Kemp’s ridley turtles suggest sea turtles are most sensitive to low-frequency sounds,
although this sensitivity varies slightly by species and age class (Bartol and Ketten 2006; Bartol et al.
1999; Lenhardt 1994; Ridgway et al. 1969). Sea turtles possess an overall hearing range between 100 Hz
and 1 kHz, with an upper limit of 2 kHz (Bartol and Ketten 2006; Bartol et al. 1999; Lenhardt 1994;
Ridgway et al. 1969).
Because hearing thresholds are frequency-dependent, an auditory weighting function can be derived for
sea turtles (turtle-weighting, or T-weighting). The T-weighting function (Figure 3.5-1) defines lower and
upper frequency boundaries beyond which sea turtle hearing sensitivity decreases. The single frequency
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cutoffs at each end of the frequency range where hearing sensitivity begins to decrease are based on
the most liberal interpretations of sea turtle hearing abilities (10 Hz and 2 kHz). These boundaries are
precautionary and exceed the demonstrated or anatomy-based hypothetical upper and lower limits of
sea turtle hearing. Figure 3.5-1 shows the sea turtle auditory weighting function with lower and upper
boundaries of 10 Hz and 2 kHz, respectively.

Figure 3.5-1: Auditory Weighting Function for Sea Turtles (T-Weighting)

The T-weighting function adjusts the received sound level based on sensitivity to different frequencies,
emphasizing frequencies to which sea turtles are most sensitive and reducing emphasis on frequencies
outside of their estimated useful range of hearing. For example, a 160 dB re 1 μPa tone at 10 kHz is
estimated to be perceived by a sea turtle as a 130 dB re 1 μPa sound (i.e., 30 dB lower). Stated another
way, a sound outside of the range of best hearing would have to be more intense to have the same
impact as a sound within the range of best hearing. Weighting functions are further explained in Section
3.0.4 (Acoustic and Explosives Primer).
The Navy considers two primary categories of sound sources in its analyses of sound impacts on sea
turtles: impulse sources (e.g., explosives, airguns, and weapons firing) and non-impulse sources
(e.g., sonars, pingers, and countermeasure devices). General definitions of impulse and non-impulse
sound sources are provided below. Acoustic impacts criteria and thresholds were developed in
cooperation with the NMFS for sea turtle exposures to various sound sources. These acoustic impacts
criteria are summarized in Table 3.5-2, Table 3.5-3, and Table 3.5-4. These criteria can be used to
estimate the number of sea turtles impacted by training and testing activities that emit sound or
explosive energy, as well as the severity of the immediate impacts. These criteria are used to quantify
impacts from explosives, airguns, sonar, and other active acoustic sources. These criteria are also useful
for qualitatively assessing activities that indirectly impart sound to water, such as firing of weapons and
aircraft flights.
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Table 3.5-2: Sea Turtle Impact Threshold Criteria for Non-Impulse Sources
Onset PTS

Onset TTS

198 dB SEL (T)

178 dB SEL (T)

Notes: (T) = Turtle Weighting Function, dB = decibels, PTS = Permanent Threshold
Shift, TTS = Temporary Threshold Shift, SEL = Sound Exposure Level (the total
acoustic energy in an event normalized to 1 second)

Table 3.5-3: Sea Turtle Impact Threshold Criteria for Impulse Sources
Impulse Sound Exposure Impact
Onset Mortality (1 Percent Mortality Based on
Extensive Lung Injury)

Threshold Value
1

1 
D  2
 91.4M 3 1  Rm  Pa  s
 10.081 

1

1 
D  2
 39.1M 3 1  Rm  Pa  s
10
.081 


Onset Slight Lung Injury

Onset Slight Gastrointestinal Tract Injury

237 dB re 1 Pa SPL (104 psi)

Onset PTS

187 dB re 1 Pa2-s SEL (T)
or
230 dB re 1 Pa Peak SPL

Onset TTS

172 dB re 1 Pa2-s SEL (T)
or
224 dB re 1 Pa Peak SPL

Notes: Pa = micropascal, Pa2-s = micropascal squared second, dB = decibels,
DRm = depth of animal (meters), M = mass of animals (kilograms) as shown for each species
in Table 3.5-4, PTS = Permanent Threshold Shift, re = referenced to, SEL = Sound
Exposure Level, SPL = Sound Pressure Level, T= Turtle Weighting Function, TTS =
Temporary Threshold Shift
Detailed description of the criteria and equations can be found in Criteria and Thresholds for
U.S. Navy Acoustic and Explosive Effects Analysis (U.S. Department of the Navy 2012b).

Table 3.5-4: Species-Specific Masses for Determining Onset of Extensive and Slight Lung Injury Thresholds
Common Name

Juvenile Mass (kg)

Reference

Loggerhead turtle

8.4

Southwood et al. (2007)

Green turtle

8.7

Wood and Wood (1993)

Hawksbill turtle

7.4

Okuyama et al. (2010)

Olive ridley turtle

6.3

McVey and Wibbels (1984) and Caillouet et al.
(1986)1

Leatherback turtle

34.8

Jones (2009)

McVey and Wibbels (1984) and Caillouet et al. (1986) measured masses for Kemp’s ridley turtles, a closely
related species to the olive ridley.
1

3.5.3.1.3.1

Categories of Sounds as Defined for Thresholds and Criteria

Categories of sound are discussed in Section 3.0.4 (Acoustic and Explosives Primer). Impulsive and
non-impulsive are described again below with details specific to assigning acoustic and explosive criteria
for predicting impacts on sea turtles.
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Impulsive Sounds

Impulsive sounds (including explosions) have a steep pressure rise or rapid pressure oscillation, which is
the primary reason the impacts of these sounds are considered separately from non-impulsive sounds.
Impulsive sounds usually rapidly decay with only one or two peak oscillations and are of very short
duration (usually 0.1 second or shorter). Rapid pressure changes may produce mechanical damage to
the ear or other structures that would not occur with slower rise times found in non-impulsive signals.
Impulse sources and sound analyzed in this document include explosives, airguns, sonic booms, and
weapons firing.
3.5.3.1.3.3

Non-Impulsive Sounds

Non-impulsive sounds typically contain multiple pressure oscillations without a rapid rise time, although
the total duration of the signal may still be quite short (0.1 second or shorter for some high frequency
sources). Such sounds are typically characterized by a root mean square average sound pressure level or
energy level over a specified period of time. Sonar and other active acoustic sources (e.g., pingers) are
analyzed as non-impulsive sources in this document.
Intermittent non-impulsive sound sources produce sound for only a small fraction of the time that the
source is in use (a few seconds or a fraction of a second, e.g., sonars and pingers), with longer silent
periods in between the sound. Continuous sources are those that transmit sound for the majority of the
time they are being used, often for many minutes, hours, or days. Vessel noise and aircraft noise are
continuous noise sources analyzed in this document.
3.5.3.1.3.4

Criteria for Mortality and Injury from Explosives

There is a considerable body of laboratory data on actual injuries from impulse sounds, usually from
explosive pulses, obtained from tests with a variety of vertebrate species (e.g., Goertner et al. 1994;
Richmond et al. 1973; Yelverton et al. 1973). Based on these studies, potential impacts, with decreasing
likelihood of serious injury or lethality, include onset of mortality, onset of slight lung injury, and onset
of slight gastrointestinal injury.
In the absence of data specific to sea turtles, criteria developed to assess impacts on protected marine
mammals are also used to assess impacts on protected sea turtles. These criteria are discussed below.
3.5.3.1.3.5

Criteria for Mortality and Slight Lung Injury

In air or submerged, the most commonly reported internal bodily injury due to explosive detonations is
hemorrhaging in the fine structure of the lungs. The likelihood of internal bodily injury is related to the
received impulse of the underwater blast (pressure integrated over time), not peak pressure or energy
(Richmond et al. 1973; Yelverton and Richmond 1981; Yelverton et al. 1973; Yelverton et al. 1975).
Therefore, impulse is used as a metric upon which internal organ injury can be predicted. Onset
mortality and onset slight lung injury are defined as the impulse level that would result in 1 percent
mortality (most survivors have moderate blast injuries and should survive) and 0 percent mortality
(recoverable, slight blast injuries) in the exposed population, respectively. Criteria for onset mortality
and onset slight lung injury were developed using data from explosive impacts on mammals (Yelverton
and Richmond 1981).
The impulse required to cause lung damage is related to the volume of the lungs. The lung volume is
related to both the size (mass) of the animal and compression of gas-filled spaces at increasing water
depth. Turtles have relatively low lung volume to body mass and a relatively stronger anatomical
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structure compared to mammals; therefore, application of the criteria derived from studies of impacts
of explosives on mammals is conservative.
Table 3.5-4 provides a nominal conservative body mass for each sea turtle species based on juvenile
mass. Juvenile body masses were selected for analysis given the early rapid growth of these reptiles
(newborn turtles weigh less than 0.5 percent of maximum adult body mass). In addition, small turtles
tend to remain at shallow depths in the surface pressure release zone, reducing potential exposure to
injurious impulses. Therefore, use of hatchling weight would provide unrealistically low thresholds for
estimating injury to sea turtles. The use of juvenile body mass rather than hatchling body mass was
chosen to produce reasonably conservative estimates of injury.
The scaling of lung volume to depth is conducted for all species since data come from experiments with
terrestrial animals held near the water's surface. The calculation of impulse thresholds consider depth of
the animal to account for compression of gas-filled spaces that are most sensitive to impulse injury. The
impulse required for a specific level of injury (impulse tolerance) is assumed to increase proportionally
to the square root of the ratio of the combined atmospheric and hydrostatic pressures at a specific
depth with the atmospheric pressure at the surface (Goertner 1982).
Very little information exists regarding the impacts of underwater detonations on sea turtles. Impacts
on sea turtles from explosive removal operations range from non-injurious impacts (e.g., acoustic
annoyance, mild tactile detection, or physical discomfort) to varying levels of injury (i.e., non-lethal and
lethal injuries) (e.g., Klima et al. 1988; Viada et al. 2008). Often, impacts of explosive activities on turtles
must be inferred from documented impacts on other vertebrates with lungs or other-gas containing
organs, such as mammals and most fishes (Viada et al. 2008). The methods used by Goertner (1982) to
develop lung injury criteria for marine mammals may not be directly applicable to sea turtles, as it is not
known what degree of protection to internal organs from the shock waves is provided to sea turtles by
their shell (Viada et al. 2008). However, the general principles of the Goertner model are applicable and
should provide a protective approach to assessing potential impacts on sea turtles. The Goertner
method predicts a minimum primary positive impulse value associated with onset of slight lung injury
and onset of mortality, adjusted for assumed lung volume (correlated to animal mass) and depth of the
animal. These equations are shown in Table 3.5-3.
3.5.3.1.3.6

Criteria for Onset of Gastrointestinal Tract Injury

Without data specific to sea turtles, data from tests with terrestrial animals are used to predict onset of
gastrointestinal tract injury. It is shown that gas-containing internal organs, such as lungs and intestines,
were the principle damage sites from shock waves in submerged terrestrial mammals (Clark and Ward
1943; Greaves et al. 1943; Richmond et al. 1973; Yelverton et al. 1973). Furthermore, slight injury to the
gastrointestinal tract may be related to the magnitude of the peak shock wave pressure over the
hydrostatic pressure and would be independent of the animal’s size and mass (Goertner 1982). Slight
contusions to the gastrointestinal tract were reported during small charge tests (Richmond et al. 1973),
when the peak was 237 dB re 1 µPa. Therefore, this value is used to predict onset of gastrointestinal
tract injury in sea turtles exposed to explosions (see Table 3.5-3).
3.5.3.1.3.7

Criteria for Hearing Loss Temporary and Permanent Threshold Shift

Whereas TTS represents a temporary reduction of hearing sensitivity, PTS represents tissue damage that
does not recover and permanent reduced sensitivity to sounds over specific frequency ranges (see
Section 3.5.3.1.2.2, Hearing Loss). To date, no known data are available on potential hearing
impairments (i.e., TTS and PTS) in sea turtles. Sea turtles, based on their auditory anatomy (Bartol and
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Musick 2003a; Lenhardt et al. 1985; Wartzok and Ketten 1999; Wever 1978; Wyneken 2001), almost
certainly have poorer absolute sensitivity (i.e., higher thresholds) across much of their hearing range
than do the mid-frequency cetacean species. Therefore, applying TTS and PTS criteria derived from
mid-frequency cetaceans to sea turtles should provide a protective approach to estimating acoustic
impacts on sea turtles (PTS and TTS data are not available for low-frequency cetaceans). Criteria for
hearing loss due to onset of TTS and PTS are based on sound exposure level (for non-impulse and
impulse sources) and peak pressure (for impulse sources only).
To determine the sound exposure level, the turtle weighting function is applied to the acoustic exposure
to emphasize only those frequencies within a sea turtle’s hearing range. Multiple exposures within any
24-hour period are considered one continuous exposure for the purposes of calculating the received
sound exposure level for a given individual. This conservatively assumes no recovery of hearing between
exposures during a 24-hour period. The weighted sound exposure level is then compared to weighted
threshold values for TTS and PTS. If the weighted exposure level meets or exceeds the weighted
threshold, then the physiological impact (TTS or PTS) is assumed to occur. For impacts from exposures to
impulse sources, the metric (peak pressure or sound exposure level) and threshold level that results in
the longest range to impact is used to predict impacts. Exposures are not calculated for sound sources
with a nominal frequency outside the upper and lower frequency hearing limits for sea turtles.
In addition to being discussed below, thresholds for onset of TTS and PTS for impulse and non-impulse
sounds are summarized in Table 3.5-2 and Table 3.5-3.
3.5.3.1.3.8

Criteria for Non-Impulsive Temporary Threshold Shift

Based on best available science regarding TTS in marine vertebrates (Finneran et al. 2002; Southall et al.
2007) and the lack of information regarding TTS in sea turtles, the total T-weighted sound exposure level
of 178 dB re 1 micro Pascal squared second (μPa2-s) is used to estimate exposures resulting in TTS for
sea turtles. The T-weighting function is used in conjunction with this non-pulse criterion, which
effectively provides an upper cutoff of 2 kHz.
The T-weighted non-impulsive TTS threshold of 178 dB re 1 Pa2-s sound exposure level was
inadvertently based on Type II weighted cetacean TTS data rather than Type I weighted cetacean TTS
data. This resulted in incorrectly lowering the turtle TTS threshold by 17 dB. The sea turtle non-impulsive
TTS threshold, based on mid-frequency cetacean data, should be 17 dB higher than 178 dB re 1 Pa2-s.
Because an incorrectly lowered threshold was used to quantitatively analyze acoustic impacts on sea
turtles in this EIS/OEIS, the quantitative impacts presented herein for non-impulsive TTS are
conservative (i.e., over-predicted).
3.5.3.1.3.9

Criteria for Impulsive Temporary Threshold Shift

The sea turtle impulsive TTS threshold, which is based on Type I mid-frequency cetacean data (Southall
et al. 2007), should be 178 dB re 1 μPa2-s. However, during the modeling effort, the T-weighted
impulsive TTS threshold of 172 dB re 1 μPa2-s sound exposure level was inadvertently based on Type II
weighted cetacean TTS data rather than Type I weighted cetacean TTS data. This resulted in incorrectly
lowering the turtle TTS threshold. Because an incorrectly lowered threshold was used to quantitatively
analyze acoustic impacts to sea turtles in this Environmental Impact Statement (EIS)/Overseas EIS (OEIS),
the quantitative impacts presented herein for impulsive TTS are conservative (i.e., over-predicted).

SEA TURTLES

3.5-33

MARIANA ISLANDS TRAINING AND TESTING FINAL EIS/OEIS

MAY 2015

3.5.3.1.3.10 Criteria for Non-Impulsive Permanent Threshold Shift

Since no studies were designed to intentionally induce PTS in sea turtles, levels for onset of PTS for
these animals must be estimated using TTS data and relationships between TTS and PTS established in
terrestrial mammals. PTS can be estimated based on the growth rate of a threshold shift and the level of
threshold shift required to potentially become non-recoverable. A variety of terrestrial and marine
mammal data sources show that threshold shifts up to 40–50 dB may be recoverable, and that 40 dB is a
reasonable upper limit of a threshold shift that does not induce PTS. This analysis assumes that
continuous-type exposures producing threshold shifts of 40 dB or more always result in some amount of
PTS.
Data from terrestrial mammal testing (Ward et al. 1958, 1959) show TTS growth of 1.5 to 1.6 dB for
every 1 dB increase in sound exposure level. The difference between minimum measureable TTS onset
(6 dB) and the 40 dB upper safe limit of TTS yields a difference of 34 dB. When divided by a TTS growth
rate of 1.6 dB TTS per dB sound exposure level, there is an indication that an increase in exposure of a
21.25 dB sound exposure level would result in 40 dB of TTS. For simplicity and conservatism, the number
was rounded down to 20 dB sound exposure level.
Therefore, non-impulse exposures of 20 dB sound exposure level above those producing a TTS may be
assumed to produce a PTS. The onset of TTS threshold of 195 dB re 1 µPa2-s for sea turtles has a
corresponding onset of PTS threshold of 215 dB re 1 µPa2-s. The T-weighting function is applied when
using the sound exposure level-based thresholds to predict PTS (see Table 3.5-3).
However, the T-weighted non-impulse TTS threshold of 178 dB re 1 μPa2-s sound exposure level used
during acoustic modeling was inadvertently based on Type II weighted cetacean TTS data rather than
Type I weighted cetacean TTS data. This resulted in incorrectly lowering the turtle TTS threshold by
17 dB; consequently, this also incorrectly lowered the sea turtle PTS threshold by 17 dB. The sea turtle
non-impulse PTS threshold, based on mid-frequency cetacean data, should be 17 dB higher than 198 dB
re 1 μPa2-s. Because an incorrectly lowered threshold was used to quantitatively analyze acoustic
impacts to sea turtles in this EIS/OEIS, the quantitative impacts presented herein for non-impulse PTS
are conservative (i.e., over-predicted).
3.5.3.1.3.11 Criteria for Impulsive Permanent Threshold Shift

The sea turtle impulsive PTS threshold, which is based on Type I mid-frequency cetacean data (Southall
et al. 2007), should be 198 dB re 1 μPa2-s. However, during the modeling effort, the T-weighted
impulsive PTS threshold of 187 dB re 1 μPa2-s sound exposure level was inadvertently based on Type II
weighted cetacean TTS data rather than Type I weighted cetacean TTS data. This resulted in incorrectly
lowering the turtle TTS threshold. Because an incorrectly lowered threshold was used to quantitatively
analyze acoustic impacts to sea turtles in this EIS/OEIS, the quantitative impacts presented herein for
impulsive TTS are conservative (i.e., over-predicted).
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3.5.3.1.3.12 Criteria for Behavioral Responses

A sea turtle’s behavioral response to sound is assumed to be variable and context specific. For instance,
a single impulse may cause a brief startle reaction. A sea turtle may swim farther away from the sound
source, increase swimming speed, change surfacing time, and decrease foraging if the stressor continues
to occur. For each potential behavioral change, the magnitude of the change ultimately would
determine the severity of the response. It is assumed that most responses would be short-term
avoidance reactions.
A few studies reviewed investigated behavioral responses of sea turtles to impulse sounds emitted by
airguns (McCauley et al. 2000; Moein Bartol et al. 1995; O’Hara and Wilcox 1990). There are no studies
of sea turtle behavioral responses to sonar. Cumulatively, available airgun studies indicate that
perception and a behavioral reaction to a repeated sound may occur with sound pressure levels greater
than 166 dB re 1 μPa rms, and that more erratic behavior and avoidance may occur at higher thresholds
around 175–179 dB re 1 μPa rms (McCauley et al. 2000; Moein Bartol et al. 1995; O’Hara and Wilcox
1990). A received level of 175 dB re 1 μPa rms is more likely to be the point at which avoidance may
occur in unrestrained turtles, with a comparable sound exposure level of 160 dB re 1 μPa2-s (McCauley
et al. 2000).
Airgun studies used sources that fired repeatedly over some duration. For single impulses at received
levels below threshold shift (hearing loss) levels, the most likely behavioral response is assumed to be a
startle response. Since no further sounds follow the initial brief impulse, the biological significance is
considered to be minimal.
Based on the limited information regarding significant behavioral reactions of sea turtles to sound,
behavioral responses to sounds are qualitatively assessed for sea turtles.
3.5.3.1.4

Quantitative Analysis

A number of computer models and mathematical equations can be used to predict how energy spreads
from a sound source (e.g., sonar or underwater detonation) to a receiver (e.g., sea turtle). See Section
3.0.4 (Acoustic and Explosives Primer) for background information about how sound travels through the
water. All modeling is an estimation of reality, with simplifications made both to facilitate calculations by
focusing on the most important factors and to account for unknowns. For analysis of underwater sound
impacts, basic models calculate the overlap of energy and marine life using assumptions that account for
the many, variable, and often unknown factors that can greatly influence the result. Assumptions in
previous Navy models intentionally erred on the side of overestimation when there were unknowns or
when the addition of other variables was not likely to substantively change the final analysis. For
example, because the ocean environment is extremely dynamic and information is often limited to a
synthesis of data gathered over wide areas requiring many years of research, known information tends
to be an average of the wide seasonal or annual variation that is actually present. The Equatorial Pacific
El Niño disruption of the ocean-atmosphere system is an example of dynamic change where unusually
warm ocean temperatures are likely to result in the redistribution of marine life and alter the
propagation of underwater sound energy. Previous Navy modeling, therefore, made some assumptions
indicative of a maximum theoretical propagation for sound energy (such as a perfectly reflective ocean
surface and a flat seafloor). More complex computer models build upon basic modeling by factoring in
additional variables in an effort to be more accurate by accounting for such things as bathymetry and an
animal’s likely presence at various depths.
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For quantification of estimated marine mammal and sea turtle impacts resulting from sounds produced
during Navy activities, the Navy developed a set of data and new software tools. This new approach is
the resulting evolution of the basic modeling approaches used by the Navy previously and reflects a
much more complex and comprehensive modeling approach as described below.
3.5.3.1.4.1

Navy Acoustic Effects Model

For this analysis of Navy training and testing activities at sea, the Navy developed a set of software tools
and compiled data for quantifying predicted acoustic impacts. These databases and tools collectively
form the Navy Acoustics Effects Model. Details of the Navy Acoustics Effects Model processes and the
description and derivation of the inputs are presented in the Technical Report (Determination of
Acoustic Effects on Marine Mammals and Sea Turtles for Navy Training and Testing Events). The
following paragraphs provide an overview of the Navy Acoustics Effects Model process and its more
critical data inputs.
The Navy Acoustic Effects Model improves upon previous modeling efforts in several ways. First, unlike
earlier methods that modeled sources individually, the Navy Acoustic Effects Model has the capability to
run all sources within a scenario simultaneously, providing a more realistic depiction of the potential
effects of an activity. Second, previous models calculated sound received levels within set volumes of
water and spread animals uniformly across the volumes. In the Navy Acoustic Effects Model, animals are
distributed non-uniformly based on higher resolution species-specific density, depth distribution, and
group size information. Animals serve as dosimeters, recording energy received at their location in the
water column. Third, a fully three-dimensional environment is used for calculating sound propagation
and animate exposure in the Navy Acoustic Effects Model, rather than a two-dimensional environment
where the worse case sound pressure level across the water column is always encountered. Finally,
current efforts incorporate site-specific bathymetry, sound speed profiles, wind speed, and bottom
properties into the propagation modeling process rather than the flat-bottomed provinces used during
earlier modeling. The following paragraphs provide an overview of the Navy Acoustic Effects Model
process and its more critical data inputs.
Using the best available information on the estimated density of sea turtles in the area being modeled,
the Navy Acoustics Effects Model derives an abundance (total number individuals) and distributes the
resulting number of virtual animals (“animats”) into an area bounded by the maximum distance that
energy propagates out to a criterion threshold value (energy footprint). These animats are distributed
based on density differences across the area and known depth distributions (dive profiles). Animats
change depths every 4 minutes but do not otherwise mimic actual animal behaviors (such as avoidance
or attraction to a stimulus).
Schecklman et al. (2011) argue that static distributions underestimate acoustic exposure compared to a
model with fully three-dimensionally moving animals. However, their static method is different from the
Navy Acoustic Effects Model in several ways. First, they distribute the entire population at depth with
respect to the species-typical depth distribution histogram, and those animals remain static at that
position throughout the entire simulation. In the Navy Acoustic Effects Model, animats are placed
horizontally dependent upon non-uniform density information, and then move up and down over time
within the water column by interrogating species-typical depth distribution information. Second, for the
static method they calculate acoustic received level for designated volumes of the ocean and then sum
the animals that occur within that volume, rather than using the animals themselves as dosimeters, as in
the Navy Acoustic Effects Model. Third, Schecklman et al. (2011) run 50 iterations of the moving
distribution to arrive at an average number of exposures, but because they rely on uniform horizontal
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density (and static depth density), only a single iteration of the static distribution is realized. In addition
to moving the animats vertically, the Navy Acoustic Effects Model overpopulates the animats over a
non-uniform density and then resamples the population a number of times to arrive at an average
number of exposures as well. Tests comparing fully moving distributions and static distributions with
vertical position changes at varying rates were compared during development of the Navy Acoustic
Effects Model. For position updates occurring more frequently than every 5 minutes, the number of
estimated exposures were similar between the Navy Acoustic Effects Model and the fully moving
distribution, however, computational time was much longer for the fully moving distribution.
The Navy Acoustics Effects Model calculates the likely propagation for various levels of energy (sound or
pressure) resulting from each non-impulse or impulse source used during a training or testing activity.
This is done taking into account an activity location’s actual bathymetry and bottom types (e.g.,
reflective), and estimated sound speeds and sea surface roughness. Platforms (such as a ship using one
or more sound sources) are modeled as moving across an area, the size of which is representative of
what would normally occur during a training or testing scenario. The model uses typical platform speeds
and activity durations. Moving source platforms either travel along a predefined track or move along
straight-line tracks from a random initial course, reflecting at the edges of a predefined boundary. Static
sound sources are stationary in a fixed location for the duration of a scenario. Modeling locations were
chosen based on historical data from ongoing activities and in an effort to include all the environmental
variation within the MITT Study Area where similar activities might occur in the future.
The Navy Acoustics Effects Model then tracks the energy received by each animat within the energy
footprint of the activity and calculates the number of animats having received levels of energy
exposures that fall within defined impact thresholds. Predicted effects to the animats within a scenario
are then tallied and the highest order effect (based on severity of criteria; e.g., PTS over TTS) predicted
for a given animat is assumed. Each scenario or each 24-hour period for scenarios lasting greater than
24 hours is independent of all others, and therefore, the same individual marine animat could be
impacted during each independent scenario or 24-hour period. In few instances, although the activities
themselves all occur within the Study Area, sound may propagate beyond the boundary of the Study
Area. Any exposures occurring outside the boundary of the MITT Study Area are counted as if they
occurred within the MITT Study Area boundary.
3.5.3.1.4.2

Model Assumptions

There are limitations to the data used in the Navy Acoustics Effects Model, and results must be
interpreted within the context of these assumptions. Output from the Navy Acoustic Effects Model
relies heavily on the quality of both the input parameters and impact thresholds and criteria. When
there was a lack of definitive data to support an aspect of the modeling (such as lack of well described
diving behavior for all marine species), conservative assumptions believed to overestimate the number
of exposures were chosen:



Animats are modeled as being underwater and facing the source and therefore always predicted
to receive the maximum sound level at their position within the water column (e.g., the model
does not account for conditions such as body shading or an animal raising its head above water).
Multiple exposures within any 24-hour period are considered one continuous exposure for the
purposes of calculating temporary or permanent hearing loss, because there are insufficient
data to estimate a hearing recovery function for the time between exposures.
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Animats do not move horizontally (but change their position vertically within the water column),
which may overestimate physiological impacts such as hearing loss, especially for slow-moving
or stationary sound sources in the model.
Animats are stationary horizontally and therefore do not avoid the sound source, unlike in the
wild where animals would most often avoid exposures at higher sound levels, especially those
exposures that may result in permanent hearing loss (PTS).
Animats receive the full impulse of the initial positive pressure wave due to an explosion,
although the impulse-based thresholds (onset mortality and onset slight lung injury) assume an
impulse delivery time adjusted for animal size and depth. Therefore, these impacts are
overestimated at greater distances and increased depths.
Mitigation measures implemented during training and testing activities that reduce the
likelihood of exposing a sea turtle to higher levels of acoustic energy near the most powerful
sound sources (Chapter 5, Standard Operating Procedures, Mitigation, and Monitoring) were
not considered in the model.

3.5.3.1.4.3

Sea Turtle Densities

A quantitative analysis of impacts on a species requires data on the abundance and concentration of the
species population in the potentially impacted area. The most appropriate metric for this type of
analysis is density, which is the number of animals present per unit area. There is no single source of
density data for every area of the world, species, and season because of the fiscal costs, resources, and
effort involved in providing survey coverage to sufficiently estimate density. Therefore, to characterize
the marine species density for large areas such as the Study Area, the Navy compiled data from several
sources. To compile and structure the most appropriate database of marine species density data, the
Navy developed a protocol to select the best available data sources based on species, area, and time
(season). The resulting Geographic Information System database called the Navy Marine Species Density
Database (U.S. Department of the Navy 2012) includes seasonal density values for every marine
mammal and sea turtle species present within the Study Area. All species density distributions matched
the expected distributions from published literature and the NMFS stock assessments. In this analysis,
sea turtle density data were used as an input in the Navy Acoustic Effects Model in their original
temporal and spatial resolution.
3.5.3.1.5

Impacts from Sonar and Other Active Acoustic Sources

Sonar and other active acoustic sound sources emit sound waves into the water to detect objects, safely
navigate, and communicate. These systems are used for anti-submarine warfare, mine warfare,
navigation, sensing of oceanographic conditions (e.g., sound speed profile), and communication.
General categories of sonar systems are described in Section 2.3 (Descriptions of Sonar,
Ordnance/Munitions, Targets, and Other Systems Employed in Mariana Islands Training and Testing
Activities) and Section 3.0.5.2.1 (Acoustic Stressors).
Potential direct impacts on sea turtles from exposure to sonar or other non-impulse underwater active
acoustic sources include hearing loss due to threshold shift (permanent or temporary), masking of other
biologically relevant sounds, physiological stress, or changes in behavior (see Section 3.5.3.1.2, Analysis
Background and Framework). Direct injury and barotrauma from a primary blast would not occur from
exposure to these sources due to slower rise times and lower peak pressures. As stated above, a TTS can
be mild and recovery can take place within a matter of minutes to days and, therefore, is unlikely to
cause long-term consequences to individuals or populations. There is no research to indicate whether
sea turtles with PTS would suffer long-term consequences. Sea turtles probably do not rely on their
auditory systems as a primary sense (Southwood et al. 2008), although little is known about how sea
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turtles use the narrow range of low-frequency sounds they might perceive in their environment (see
Section 3.5.3.1.2.3, Auditory Masking). It is possible that some individuals that experience some degree
of permanent hearing loss may have decreased abilities to find resources such as prey or nesting
beaches or detect other relevant sounds such as vessel noise, which may lead to long-term
consequences for the individual. Similarly, the effect of masking on sea turtles is difficult to assess.
There is little information regarding sea turtle responses to sound. It is anticipated that the intensity of
their behavioral response to a perceived sound could depend on several factors, including species, the
animal’s age, reproductive condition, past experience with the sound exposure, behavior (foraging or
reproductive), the received level from the exposure, as well as the type of sound (impulse or
non-impulse) and duration of the sound (Appendix H, Biological Resource Methods). Behavioral
responses may be short-term (seconds to minutes) and of little immediate consequence for the animal,
such as simply orienting to the sound source. Alternatively, there may be a longer term response over
several hours such as moving away from the sound source. However, exposure to loud sounds resulting
from Navy training and testing at sea would likely be brief because ships and other participants are
constantly moving and the animal would likely be moving as well. Animals that are resident during all or
part of the year near Navy ports, piers, and near-shore facilities or on fixed Navy ranges are the most
likely to experience multiple or repeated exposures. It is likely that a sea turtle could be exposed to
sonar and other active acoustic sources multiple times in its lifetime, although the possibility of
habituation is unknown. Most exposures would be intermittent and short-term when considered over
the duration of a sea turtle’s life span. In addition, most sources use frequencies that are higher than the
best hearing range of sea turtles.
Most sonar and other active acoustic sources used during training and testing use frequency ranges that
are higher than the estimated hearing range of sea turtles (10 Hz to 2 kHz). Therefore, most of these
sources have no impact on sea turtle hearing. Only sonar with source levels greater than 160 dB re 1 µPa
using frequencies within the hearing range of sea turtles were modeled for potential acoustic impacts
on sea turtles. Other active acoustic sources with low source level, narrow beam width, downward
directed transmission, short pulse lengths, frequencies above known hearing ranges, or some
combination of these factors are not anticipated to result in impacts on sea turtles. These sources are
the same or analogous to sound sources analyzed by other agencies and ruled on by NMFS to not result
in impacts on protected species, including sea turtles, and therefore were not modeled and are
addressed qualitatively in this EIS/OEIS (see Section 3.0.4.1.6 for a discussion of these sources). These
sources generally have frequencies greater than 200 kHz and source levels less than 160 dB re 1 µPa.
The types of sources with source levels less than 160 dB are primarily hand-held sonars, range pingers,
transponders and acoustic communication devices.
Within this acoustics analysis, the numbers of sea turtles that may receive some form of hearing loss
were predicted using the Navy Acoustics Effects Model (Section 3.5.3.1.4.1). To quantify the impacts of
acoustic exposures to sea turtles, training and testing activities were modeled that employ acoustic
sources using frequencies in the hearing range of sea turtles. These activities and the acoustic source
classes used are listed in Model-Predicted Impacts. Most sonar and active acoustic sources used during
training and testing use frequencies outside of the estimated hearing range of turtles.
3.5.3.1.5.1

Model-Predicted Impacts

Table 3.5-5 and Table 3.5-6 show predicted impacts on sea turtles from the Navy Acoustics Effects
Model. The exposure estimates for each alternative represent the total number of exposures and not
necessarily the number of individuals exposed, as a single individual may be exposed multiple times over
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the course of a year. The predicted acoustic impacts do not take into account avoidance behavior or
mitigation measures, such as establishing shut-down zones for certain sonar systems (Chapter 5,
Standard Operating Procedures, Mitigation, and Monitoring). Also see Table 3.4-9 in Section 3.4 (Marine
Mammals) for an explanation of the post-model acoustic impact analysis process.
Table 3.5-5: Annual Total Model-Predicted Impacts on Sea Turtles for Training Activities Using Sonar and Other
Active Non-Impulse Acoustic Sources
No Action Alternative

Alternative 1

Alternative 2

Temporary
Threshold
Shift

Permanent
Threshold
Shift

Temporary
Threshold
Shift

Permanent
Threshold
Shift

Temporary
Threshold
Shift

Permanent
Threshold
Shift

Green sea turtle

0

0

82

0

104

0

Hawksbill sea turtle

0

0

11

0

13

0

Loggerhead sea
turtle

0

0

9

0

12

0

Olive ridley sea turtle

0

0

0

0

0

0

Leatherback sea
turtle

0

0

7

0

9

0

0

0

109

0

138

0

Sea Turtle Species

TOTAL

Note: The timing, locations, and numbers of these activities would not substantially differ from year to year under each
alternative.

Table 3.5-6: Annual Total Model-Predicted Impacts on Sea Turtles for Testing Activities Using Sonar and Other
Active Non-Impulse Acoustic Sources
No Action Alternative

Alternative 1

Alternative 2

Temporary
Threshold
Shift

Permanent
Threshold
Shift

Temporary
Threshold
Shift

Permanent
Threshold
Shift

Temporary
Threshold
Shift

Permanent
Threshold
Shift

Green sea turtle

0

0

169

0

170

0

Hawksbill sea turtle

0

0

6

0

7

1

Loggerhead sea
turtle

0

0

6

0

6

0

Olive ridley sea turtle

0

0

0

0

0

0

Leatherback sea
turtle

0

0

5

0

6

0

0

0

186

0

189

1

Sea Turtle Species

TOTAL

Note: The timing, locations, and numbers of these activities would not substantially differ from year to year under each alternative.
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3.5.3.1.5.2 No Action Alternative
Training Activities

Training activities under the No Action Alternative include activities that produce non-impulsive sound
from the use of sonar and other active acoustic sources that fall within the hearing range of sea turtles.
These activities could occur throughout the MITT Study Area open ocean areas. A more detailed
description of these activities, the number of activities, and their proposed locations are presented in
Table 2.8-1 of Chapter 2 (Description of Proposed Action and Alternatives). Use of sonar and other
active acoustic sources during training activities is discussed in Section 3.0.4 (Acoustic and Explosives
Primer).
If a source uses a frequency within a sea turtle’s hearing range, and if the sea turtle is close enough to
perceive the sound, the sea turtle may exhibit short-term behavioral reactions, such as swimming away
or diving to avoid the area around the source, or they may exhibit no reaction at all. No sea turtles are
expected to experience TTS or PTS from the minimal acoustic sources under the No Action Alternative.
There are no model-predicted acoustic impacts on sea turtles from exposure to sonar and other active
acoustic sources under the No Action Alternative (see Table 3.5-5). Sea turtles that reside during all or
part of the year on a Navy range complex may be exposed several times throughout the year to sound
from sonar and other active acoustic sources. Exposures to sonar and other active acoustic sources in
open water areas would be intermittent and geographically variable. Pronounced reactions to acoustic
stimuli could lead to a sea turtle expending energy and missing opportunities to forage or breed. In most
cases acoustic exposures are intermittent, allowing time to recover from an incurred energetic cost,
resulting in no long-term consequence.
Pursuant to the ESA, the use of sonar and other active acoustic sources during training activities under
the No Action Alternative may affect, but is not likely to adversely affect, green, hawksbill, loggerhead,
olive ridley or leatherback sea turtles.
Testing Activities

Testing activities potentially using non-impulsive acoustic sources under the No Action Alternative is
restricted to the North Pacific Acoustic Lab Philippine Sea Experiment (Table 2.8-4). Research vessels,
acoustic test sources, side scan sonar, ocean gliders, the existing moored acoustic tomographic array
and distributed vertical line array, and other oceanographic data collection equipment will be used to
collect information on the ocean environment and sound propagation during the 2018 data collection
period. Currently, the array is being used to passively collect oceanographic and acoustic data in the
region.
If a source uses a frequency within a sea turtle’s hearing range, and if the sea turtle is close enough to
perceive the sound, the sea turtle may exhibit short-term behavioral reactions, such as swimming away
or diving to avoid the area around the source, or they may exhibit no reaction at all. No sea turtles are
expected to experience TTS or PTS from the minimal acoustic sources under the No Action Alternative.
Exposures to acoustic sources in open water areas would be intermittent and limited to the Philippine
Sea Experiment. The intermittent acoustic exposures in this limited area would allow time to recover
from an incurred energetic cost, resulting in no long-term consequence. Because most impacts would be
short-term, potential impacts are not expected to result in substantial changes to behavior, growth,
survival, annual reproductive success, lifetime reproductive success (fitness), or species recruitment, and
are not expected to result in population-level impacts.
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Pursuant to the ESA, the use of sonar and other active acoustic sources during testing activities under the
No Action Alternative may affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive
ridley or leatherback sea turtles.
3.5.3.1.5.3 Alternative 1
Training Activities

The number of annual training activities that produce in-water sound from sonar or other active
acoustic sources that falls within the hearing range of sea turtles under Alternative 1 would increase
over the No Action Alternative. The number of annual training activities that produce in-water sound
from the use of sonar and other active acoustic sources under Alternative 1 would increase over the
No Action Alternative (Table 3.0-8).
If a source uses a frequency within a sea turtle’s hearing range, and if the sea turtle is close enough to
perceive the sound, the sea turtle may exhibit short-term behavioral reactions, such as swimming away
or diving to avoid the area around the source, or they may exhibit no reaction at all. Model-predicted
acoustic impacts on sea turtles from exposure to sonar and other active acoustic sources under the
Alternative 1 are shown in Table 3.5-5 for annual training activities. The results shown are the impacts
on sea turtles predicted for 1 year of training. The impacts are predicted to increase compared to the
No Action Alternative. Based on modeling, 109 TTS exposures and no PTS exposures are expected (Table
3.5-5). While no TTS or PTS was predicted by the Navy Acoustic Effects Model (NAEMO) modeling for
olive ridley turtles, they may exhibit short-term behavioral reactions, such as swimming away or diving
to avoid the area around the source, or they may exhibit no reaction at all. These impacts are not
expected to result in substantial changes to behavior, growth, survival, annual reproductive success, or
lifetime reproductive success (fitness).
The TTS exposures could temporarily affect perception of sound within a limited frequency range. Sea
turtles that reside during all or part of the year on a Navy range complex may be exposed several times
throughout the year to sound from sonar and other active acoustic sources. Exposures to sonar and
other active acoustic sources in open water areas would be intermittent and geographically variable.
Pronounced reactions to acoustic stimuli could lead to a sea turtle expending energy and missing
opportunities to forage or breed. In most cases acoustic exposures are intermittent, allowing time to
recover from an incurred energetic cost, resulting in no long-term consequence.
The increase in predicted impacts on sea turtles could mean an increase in the number of individual
animals exposed per year or an increase in the number of times per year some animals are exposed,
when compared to the No Action Alternative. However, the expected impacts on any individual sea
turtle remain the same. Similarly, the model may over-predict acoustic impacts because it does not
consider avoidance and the criteria to predict impacts are conservative. For the same reasons provided
in for the No Action Alternative, potential impacts are not expected to result in substantial changes to
behavior, growth, survival, annual reproductive success, or lifetime reproductive success (fitness) to
most individuals. Although some individuals may experience long-term impacts, population-level
impacts are not expected.
Pursuant to the ESA, the use of sonar and other active acoustic sources during training activities under
Alternative 1 may affect, and is likely to adversely affect, green, hawksbill, loggerhead, or leatherback
sea turtles. The use of sonar and other active acoustic sources during training activities under Alternative
1 may affect, but is not likely to adversely affect olive ridley sea turtles.
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Testing Activities

Testing activities under Alternative 1 include activities that produce in-water sound from sonar or other
active non-impulse acoustic sources that fall within the hearing range of sea turtles. A detailed
description of these activities, the number of activities, and their proposed locations are presented in
Tables 2.8-2 to 2.8-4 of Chapter 2 (Description of Proposed Action and Alternatives).
Model-predicted acoustic impacts on sea turtles from exposure to sonar and other active acoustic
sources under Alternative 1 are shown in Table 3.5-6 for annual testing activities. The impacts are
predicted to increase compared to the No Action Alternative.
Although impacts could occur across all of the MITT Study Area due to various types of testing involving
active acoustic sources, the portion of total predicted impacts are greater for certain activities, either
due to the types of sources or the hours of use. Testing activities using sonar and other active acoustic
sources are often multi-day activities during which active sources are used intermittently; therefore,
some animals may be exposed multiple times over the course of a few days. Model-predicted acoustic
impacts on sea turtles from exposure to sonar and other active acoustic sources are shown in
Table 3.5-6 for annual testing activities. The results shown are the impacts on sea turtles predicted for
1 year of testing under Alternative 1. Based on modeling, 186 TTS exposures and 0 PTS exposures are
expected (Table 3.5-6). While no TTS or PTS was predicted by the NAEMO modeling for olive ridley
turtles, they exhibit short-term behavioral reactions, such as swimming away or diving to avoid the area
around the source, or they may exhibit no reaction at all. These impacts are not expected to result in
substantial changes to behavior, growth, survival, annual reproductive success, or lifetime reproductive
success (fitness).
If a source uses a frequency within a sea turtle’s hearing range, and if the sea turtle is close enough to
perceive the sound, they exhibit short-term behavioral reactions, such as swimming away or diving to
avoid the area around the source, or they may exhibit no reaction at all. The TTS exposures could
temporarily affect perception of sound within a limited frequency range. Sea turtles that reside during
all or part of the year on a Navy range complex may be exposed several times throughout the year to
sound from sonar and other active acoustic sources. Exposures to sonar and other active acoustic
sources in open water areas would be intermittent and geographically variable. Pronounced reactions to
acoustic stimuli could lead to a sea turtle expending energy and missing opportunities to forage or
breed. In most cases acoustic exposures are intermittent, allowing time to recover from an incurred
energetic cost, resulting in no long-term consequence.
Because model-predicted impacts are conservative and most impacts would be short-term, potential
impacts are not expected to result in substantial changes to behavior, growth, survival, annual
reproductive success, lifetime reproductive success (fitness), or species recruitment, and are not
expected to result in population-level impacts. Although some individuals may experience long-term
impacts, population-level impacts are not expected.
Pursuant to the ESA, the use of sonar and other active acoustic sources during testing activities under
Alternative 1 may affect, and is likely to adversely affect, green, hawksbill, loggerhead, or leatherback
sea turtles. The use of sonar and other active acoustic sources during testing activities under Alternative
1 may affect, but is not likely to adversely affect olive ridley sea turtles.
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3.5.3.1.5.4 Alternative 2
Training Activities

Training activities under Alternative 2 include activities that produce in-water sound from sonar or other
active non-impulse acoustic sources that fall within the hearing range of sea turtles. A detailed
description of these activities, the number of activities, and their proposed locations are presented in
Tables 2.8-2 to 2.8-4 of Chapter 2 (Description of Proposed Action and Alternatives). Model-predicted
acoustic impacts on sea turtles from exposure to sonar and other active acoustic sources under the
No Action Alternative are shown in Table 3.5-5 for annual training activities. The impacts are predicted
to increase compared to the No Action Alternative.
Although impacts could occur across all of the MITT Study Area due to various types of training involving
active acoustic sources, the portion of total predicted impacts are greater for certain activities, either
due to the types of sources or the hours of use. Training activities using sonar and other active acoustic
sources are often multi-day activities during which active sources are used intermittently; therefore,
some animals may be exposed multiple times over the course of a few days. Model-predicted acoustic
impacts on sea turtles from exposure to sonar and other active acoustic sources are shown in Table
3.5-6 for annual training activities. The results shown are the impacts on sea turtles predicted for 1 year
of testing. The impacts are predicted to increase compared to the No Action Alternative. Based on
modeling, 138 TTS exposures and no PTS exposures are expected (Table 3.5-5). While no TTS or PTS was
predicted by the NAEMO modeling for olive ridley turtles, the sea turtle may exhibit short-term
behavioral reactions, such as swimming away or diving to avoid the area around the source, or they may
exhibit no reaction at all. These impacts are not expected to result in substantial changes to behavior,
growth, survival, annual reproductive success, or lifetime reproductive success (fitness).
Pursuant to the ESA, the use of sonar and other active acoustic sources during training activities under
Alternative 2 may affect, and is likely to adversely affect, green, hawksbill, loggerhead, or leatherback
sea turtles. The use of sonar and other active acoustic sources during training activities under Alternative
2 may affect, but is not likely to adversely affect olive ridley sea turtles.
Testing Activities

Testing activities under Alternative 2 include activities that produce in-water sound from sonar or other
active non-impulse acoustic sources that fall within the hearing range of sea turtles. A detailed
description of these activities, the number of activities, and their proposed locations are presented in
Tables 2.8-2 to 2.8-4 of Chapter 2 (Description of Proposed Action and Alternatives). Model-predicted
acoustic impacts on sea turtles from exposure to sonar and other active acoustic sources under
Alternative 2 are shown in Table 3.5-6. The impacts are predicted to increase compared to the No Action
Alternative.
Although impacts could occur across the Study Area due to various types of testing involving active
acoustic sources, the portion of total predicted impacts are greater for certain activities, either due to
the types of sources or the hours of use. Model-predicted acoustic impacts on sea turtles from exposure
to sonar and other active acoustic sources for annually recurring testing activities under Alternative 2
are shown in Table 3.5-6. The results shown are the impacts on sea turtles predicted for 1 year of
testing. The impacts are predicted to increase compared to the No Action Based on modeling, 189 TTS
exposures and 1 PTS exposure could occur under Alternative 2 (Table 3.5-6). PTS due to testing with
sonar and other active acoustic sources could permanently reduce perception of sound within a limited
frequency range. This long-term consequence could impact an individual turtle’s ability to sense
biologically important sounds, such as predators or prey, reducing that animal’s fitness. No TTS or PTS
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was predicted by the NAEMO modeling for olive ridley turtles, however, the sea turtle may exhibit shortterm behavioral reactions, such as swimming away or diving to avoid the area around the source, or
they may exhibit no reaction at all. These impacts are not expected to result in substantial changes to
behavior, growth, survival, annual reproductive success, or lifetime reproductive success (fitness).
Despite the overall number of exposures increasing relative to the No Action Alternative, the modeled
impacts on sea turtles are similar. Similarly, the model may over predict acoustic impacts because it
does not consider avoidance and the criteria to predict impacts are conservative. For the same reasons
provided for Alternative 1, potential impacts are not expected to result in substantial changes to
behavior, growth, survival, annual reproductive success, or lifetime reproductive success (fitness) to
most individuals. Although some individuals may experience long-term impacts, population-level
impacts are not expected.
Pursuant to the ESA, the use of sonar and other active acoustic sources during testing activities under
Alternative 2 may affect, and is likely to adversely affect, green, hawksbill, loggerhead, or leatherback
sea turtles. The use of sonar and other active acoustic sources during testing activities Alternative 2 may
affect, but is not likely to adversely affect olive ridley sea turtles.
3.5.3.1.6

Impacts from Explosives

Explosions in the water or near the water’s surface can introduce loud, impulse, broadband sounds into
the marine environment. These sounds are likely within the audible range of most sea turtles, but the
duration of individual sounds is very short. Energy from explosions is capable of causing mortalities,
injuries to the lungs or gastrointestinal tract, TTS or PTS, or behavioral responses. The impacts on sea
turtles from at-sea explosions depend on the net explosive weight of the charge, depth of the charge,
the properties of detonations underwater, the animal’s distance from the charge, the animal’s location
in the water column, and environmental factors such as water depth, water temperature, and bottom
type. The net explosive weight accounts for the weight and the type of explosive material. Criteria for
determining physiological impacts on sea turtles from impulse sound are discussed in Section 3.5.3.1.3
(Acoustic and Explosive Thresholds and Criteria).
Exposures that result in injuries such as non-lethal trauma and PTS may limit an animal’s ability to find
or obtain food, impact buoyancy, swimming ability, orientation, communicate with other animals, avoid
predators, and interpret the environment around them. Impairment of these abilities can decrease an
individual’s chance of survival or impact its ability to successfully reproduce. Mortality of an animal will
remove the animal entirely from the population as well as eliminate its future reproductive potential.
There is some limited information on sea turtle behavioral responses to impulse sound from airgun
studies (see Section 3.5.3.1.3, Acoustic and Explosive Thresholds and Criteria) that can be used as a
surrogate for explosive impact analysis. Any behavioral response to a single detonation would likely be a
short-term startle response, if the animal responds at all. Multiple detonations over a short period may
cause an animal to exhibit other behavioral reactions, such as interruption of feeding or avoiding the
area.
3.5.3.1.6.1

Model-Predicted Impacts

The ranges to impacts from explosions of different charge weights for each of the specific criteria (onset
mortality, onset slight lung injury, onset slight gastrointestinal tract injury, PTS, and TTS) are shown in
Table 3.5-7. Sea turtles within these ranges are predicted by the model to receive the associated impact.
Information regarding the ranges to impacts is important, not only for predicting acoustic impacts, but
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also for verifying the accuracy of model results against real-world situations and determining adequate
mitigation ranges to avoid higher level impacts, especially physiological impacts on sea turtles. Because
propagation of the acoustic waves is affected by environmental factors at different locations and
because some criteria are partially based on sea turtle mass, the range of impacts for particular criteria
will vary. The low value for each range of impact is the minimum range and the high value is the
maximum range within which the impact could occur for various activities modeled for each explosive
source class.
Table 3.5-7: Distance Impacts of In-Water Explosives on Sea Turtles from Representative Sources
Impact Predicted to Occur When Sea Turtle is at this Range (m) or
Closer to a Detonation
(Minimum Range Predicted to Maximum Range Predicted)
Criteria/Predicted Impact1

Source Class
E2
(>0.25–0.5 lb.
NEW)

Source Class
E5
(>5–10 lb.
NEW)

Source Class
E9
(>100–250 lb.
NEW)

Source Class
E12
(>650–1,000 lb.
NEW)

Onset Mortality (1 Percent
Mortality)

12

47

137

204

Onset Slight Lung Injury

25

87

240

352

Onset Slight GI Tract Injury

25

71

147

274

Shift2

79

222

587

1,602

Temporary Threshold Shift2

178

598

1,711

3,615

Permanent Threshold
1

Criteria for impacts are discussed in Section 3.5.3.1.3 (Acoustic and Explosive Thresholds and Criteria).
Modeling for Sound Exposure Level-based impulse criteria assumed explosive activity durations of one second.
Actual durations may be less, resulting in smaller ranges to impact.
Notes: (1) GI = gastrointestinal, lb. = pounds, m = meters, NEW = net explosive weight
(2) Ranges determined using REFMS, Navy’s explosive propagation model.
2

Based on the estimate of sound exposure level that could induce a sea turtle to exhibit avoidance
behavior when exposed to repeated impulse sounds (see Section 3.5.3.1.3.12, Criteria for Behavioral
Responses), the distance from an explosion at which a sea turtle may behaviorally react (e.g., avoid by
moving farther away) can be estimated. If exposed to a single impulse sound, a sea turtle is assumed to
exhibit a brief startle reaction that would likely be biologically insignificant.
Table 3.5-8, Table 3.5-9, and Table 3.5-10 present predicted impacts on sea turtles from explosive
detonations estimated by the Navy Acoustic Effects Model, applying the impact threshold criteria shown
in Table 3.5-3. The impact estimates for each alternative represent the total number of impacts and not
necessarily the number of individuals exposed, as a single individual may be exposed multiple times over
the course of a year.
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Some of the conservative assumptions made for the impact modeling and criteria may cause the impact
predictions to be overestimated, as follows:





Many explosions from ordnance such as bombs and missiles actually explode upon impact with
above-water targets. For this analysis, sources such as these were modeled as exploding at
depths of 1 m, overestimating the amount of explosive and acoustic energy entering the water.
For predicting TTS and PTS based on sound exposure level, the duration of an explosion is
assumed to be one second. Actual detonation durations may be much shorter, so the actual
sound exposure level at a particular distance may be lower.
Mortality and slight lung injury criteria are based on juvenile turtle masses, which substantially
increases that range to which these impacts are predicted to occur compared to the ranges that
would be predicted using adult turtle masses.
As discussed in Section 3.5.3.1.3.9 (Criteria for Impulsive Temporary Threshold Shift) and Section
3.5.3.1.3.11 (Criteria for Impulsive Permanent Threshold Shift), the thresholds that were used to
quantitatively predict onset of TTS and PTS for sea turtles were incorrectly lowered when
developing sea turtle acoustic impact criteria based on cetacean data. Therefore, the predicted
impacts shown above (PTS and TTS) are conservative (i.e., over-predicted).

Table 3.5-8: Annual Model-Predicted Impacts on Sea Turtles from Explosives for Training Activities under the No
Action Alternative
Temporary
Threshold
Shift

Permanent
Threshold
Shift

GI Tract
Injury

Slight
Lung
Injury

Mortality

Green sea turtle

6

0

0

1

0

Hawksbill sea turtle

2

0

0

0

0

Loggerhead sea turtle

0

0

0

0

0

Olive ridley sea turtle

0

0

0

0

0

Leatherback sea turtle

0

0

0

0

0

8

0

0

1

0

Sea Turtle Species

TOTAL

Notes: (1) GI = gastrointestinal. (2) The timing, locations, and numbers of these activities would not substantially
differ from year to year under each alternative. The numbers presented in this table reflect post-modeling
adjustments which decrease the potential for an impact on sea turtles.

Table 3.5-9: Annual Model-Predicted Impacts on Sea Turtles from Explosives for Training Activities under
Alternative 1 and Alternative 2
Temporary
Threshold
Shift

Permanent
Threshold
Shift

GI Tract
Injury

Slight
Lung
Injury

Mortality

Green sea turtle

11

1

0

3

1

Hawksbill sea turtle

3

0

0

1

1

Loggerhead sea turtle

0

0

0

0

0

Olive ridley sea turtle

0

0

0

0

0

Leatherback sea turtle

0

0

0

0

0

14

1

0

4

2

Sea Turtle Species

TOTAL

Notes: (1) GI = gastrointestinal. (2) The timing, locations, and numbers of these activities would not substantially
differ from year to year under each alternative. The numbers presented in this table reflect post-modeling
adjustments which decrease the potential for an impact on sea turtles.
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Table 3.5-10: Annual Model-Predicted Impacts on Sea Turtles from Explosives for Testing Activities under the No
Action Alternative, Alternative 1, and Alternative 2
Temporary
Threshold
Shift

Permanent
Threshold
Shift

GI Tract
Injury

Slight
Lung
Injury

Mortality

Green sea turtle

0

0

0

0

0

Hawksbill sea turtle

0

0

0

0

0

Loggerhead sea turtle

0

0

0

0

0

Olive ridley sea turtle

0

0

0

0

0

Leatherback sea turtle

0

0

0

0

0

0

0

0

0

0

Sea Turtle Species

TOTAL

Notes: (1) GI = gastrointestinal. (2) The timing, locations, and numbers of these activities would not substantially
differ from year to year under each alternative. The numbers presented in this table reflect post-modeling
adjustments which decrease the potential for an impact on sea turtles.

The predicted acoustic impacts do not take into account mitigation measures implemented during many
training and testing activities, such as exclusion zones around detonations. Smaller hatchling and early
juvenile turtles tend to be near the surface.
3.5.3.1.6.2 No Action Alternative
Training Activities

Under the No Action Alternative, explosions during training activities would be spread throughout the
Study Area. Explosions would occur during naval gunnery, missile exercises, bombing exercises, sinking
exercise, tracking exercises, and mine warfare. The largest source class used during training under the
No Action Alternative would be E12 (> 650–1,000 lb. [> 272.2–453.6 kg] NEW). However, of all
explosives used for training under the No Action Alternative (844, Table 3.0-9) only four are of this
source class, and this source class is only used in the MITT Study Area at distances greater than 50
nautical miles (nm) from shore. With the exception of those used at FDM and the nearshore underwater
detonation sites, the vast majority of all explosives used under the No Action Alternative occur in areas
greater than 3 nm from shore. There is a potential (albeit small) for aberrant ordnance at FDM to miss
land-based targets and strike the beaches of FDM. However, the terrain of FDM does not provide any
sea turtle nesting beaches; therefore, effects on sea turtles are not expected.
Under the No Action Alternative, training activities using explosions that could occur anywhere in the
Study Area, including within nearshore shallow areas below the high tide line, are restricted to 50
detonations annually, all of them less than at or below the E5 source class (> 5–10 lb. [> 2.3–4.5 kg]
NEW).
Modeling results indicate eight TTS exposures, zero PTS exposures, one exposure resulting in lung injury,
and zero exposures resulting in mortality for sea turtles (Table 3.5-8). Any injured sea turtles could suffer
reduced fitness and long-term survival. Some sea turtles beyond the ranges of the above impacts may
behaviorally react if they hear a detonation. Activities consisting of single detonations, such as bombing
and missile exercise, are expected to only elicit short-term behavioral reactions. If a sea turtle hears
multiple detonations in a short period, such as during gunnery, firing, or sonobuoy exercises, it may
react by avoiding the area. Any significant behavioral reactions could lead to a sea turtle expending
energy and missing opportunities to secure resources. However, because most activities would consist
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of a limited number of detonations and exposures would not occur over long durations, there would be
an opportunity to recover from an incurred energetic cost.
Because model-predicted impacts are conservative and most impacts would be short-term, potential
impacts are not expected to result in substantial changes to behavior, growth, survival, annual
reproductive success, lifetime reproductive success (fitness), or species recruitment. Although a few
individuals may experience long-term impacts and potential mortality, population-level impacts are not
expected.
Pursuant to the ESA, the use of underwater explosives during training activities under the No Action
Alternative may affect, and is likely to adversely affect, green and hawksbill sea turtles. Pursuant to the
ESA, the use of underwater explosives during training activities under the No Action Alternative may
affect, but is not likely to adversely affect loggerhead, olive ridley, or leatherback sea turtles.
Testing Activities

Under the No Action Alternative, there are no testing activities that involve explosive detonations.
3.5.3.1.6.3 Alternative 1
Training Activities

Under Alternative 1, the number of explosives used during training activities would rise from 844 to
9,696 per year and would be spread throughout the MITT Study Area (see Table 3.0-9). Explosives would
occur during naval gunnery, missile exercises, bombing exercises, sinking exercise, tracking exercises,
and mine warfare. The total number of explosive detonations that could occur in the shallow portions of
the MITT Study Area increases. Similar to the No Action Alternative, the source class for these activities
is E5 (> 5–10 lb. NEW) or less. The 8,601 additional detonations (less than E5) in all training areas (but
potentially in shallow waters) would increase the disturbance of nearshore turtles. Aside from those
used at FDM and the nearshore underwater detonation sites, most detonations would typically occur
beyond approximately 3 nm from shore, minimizing impacts near nesting beaches or coastal habitats for
sea turtles. There is a potential (albeit small) for aberrant ordnance at FDM to miss land-based targets
and strike the beaches of FDM. Though detonations occur under Alternative 1 at FDM, the terrain of
FDM does not provide any sea turtle nesting beaches; therefore, effects on sea turtles are not expected.
A small number of near-shore (within 3 nm) training activities could occur, potentially exposing some
sea turtles approaching nesting beaches to impulse sounds over a short duration if the training occurred
during nesting season or close to sea turtles nearshore habitats. In water training activities using lower
NEW explosives (up to 20 lb. NEW) will occur at underwater detonation sites within Agat Bay Floating
Mine Neutralization Site. At Piti Point Floating Mine Neutralization Site and Apra Harbor Underwater
Detonation Site, the maximum NEW would remain the same as with the No Action Alternative (a
maximum allowable threshold of 10 lb. NEW).
The remaining activities conducted under Alternative 1 utilizing explosive detonations would be
restricted to portions of the MITT Study Area that are greater than 3 nm from the shore.
Model-predicted impacts on sea turtles due to explosives used in annually recurring training activities
under Alternative 1 are shown in Table 3.5-9. The results shown are the impacts on sea turtles predicted
for 1 year of training.
Modeling results indicate 14 TTS exposures, 1 PTS exposure, 4 exposures resulting in lung injury, and
2 exposures resulting in mortality for sea turtles (Table 3.5-9). As mentioned above most detonations
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would typically occur beyond approximately 3 nm from shore, which minimizes the impacts near nesting
beaches or coastal habitats for sea turtles. Any injured sea turtles could suffer reduced fitness and longterm survival. Sea turtles that experience PTS would have permanently reduced perception of sound
within a limited frequency range. It is uncertain whether some permanent hearing loss over a part of a
sea turtle’s hearing range would have long-term consequences for that individual, as the sea turtle
hearing range is already limited. A long-term consequence could be an impact on an individual turtle’s
ability to sense biologically important sounds, such as predators or prey, reducing that animal’s fitness.
PTS and TTS threshold criteria for sea turtles are conservatively based on criteria developed for midfrequency marine mammals, so actual PTS and TTS impacts may be less than the predicted quantities.
Some sea turtles beyond the ranges of the above impacts may behaviorally react if they hear a
detonation. If a sea turtle hears multiple detonations in a short period, such as during gunnery, firing, or
sonobuoy exercises, it may react by avoiding the area. Any significant behavioral reactions could lead to
a sea turtle expending energy and missing opportunities to secure resources. However, because most
activities would consist of a limited number of detonations and exposures would not occur over long
durations, there would be an opportunity to recover from an incurred energetic cost.
Because model-predicted impacts are conservative and most impacts would be short-term, potential
impacts are not expected to result in substantial changes to behavior, growth, survival, annual
reproductive success, lifetime reproductive success (fitness), or species recruitment. Although a few
individuals may experience long-term impacts and potential mortality, population-level impacts are not
expected.
Pursuant to the ESA, the use of underwater explosives during training activities under Alternative 1 may
affect, and is likely to adversely affect, green and hawksbill sea turtles. Pursuant to the ESA, the use of
underwater explosives during training activities under Alternative 1 may affect, but is not likely to
adversely affect loggerhead, olive ridley, or leatherback sea turtles.
Testing Activities

Alternative 1 would introduce 2,885 explosive detonations per year (see Table 3.0-9). Over 90 percent of
these activities occur at distances greater than 3 nm from shore within the MIRC. Model-predicted
acoustic impacts on sea turtles due to explosives during annually recurring testing activities under
Alternative 1 are shown in Table 3.5-10. The results shown are the impacts on sea turtles predicted for
1 year of testing. Modeling results indicate no exposures at the level predicted to cause TTS, PTS,
gastrointestinal injury, lung injury, or mortality for sea turtles. Although a few individuals may
experience behavioral reactions, population-level impacts are not expected.
Pursuant to the ESA, the use of underwater explosives during testing activities under Alternative 1 may
affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive ridley, and leatherback sea
turtles.
3.5.3.1.6.4 Alternative 2
Training Activities

Under Alternative 2, the number and location of training activities increases to 9,992 explosive
detonations (see Table 3.0-9); however, the new events are restricted to areas greater than 50 nm from
the shore in the MITT Study Area. Model-predicted impacts on sea turtles due to explosives used in
annually recurring training activities under Alternative 2 are shown in Table 3.5-9, and are identical to
those for Alternative 1. The results shown are the impacts on sea turtles predicted for 1 year of training.
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These results are the same as for Alternative 1; therefore, the impacts under Alternative 2 are expected
to be the same as Alternative 1.
Pursuant to the ESA, the use of underwater explosives during training activities under Alternative 1 may
affect, and is likely to adversely affect, green and hawksbill sea turtles. Pursuant to the ESA, the use of
underwater explosives during training activities under Alternative 2 may affect, but is not likely to
adversely affect, leatherback, loggerhead, and olive ridley sea turtles.
Testing Activities

Alternative 2 would increase the number of explosive detonations to 3,431 (see Table 3.0-9). Over
92 percent of these testing activities occur in waters greater than 3 nm from shore within the Study
Area. Model-predicted acoustic impacts on sea turtles due to explosions during annually recurring
testing activities under Alternative 2 are shown in Table 3.5-10. Modeling results indicate no exposures
at levels expected to cause TTS, PTS, gastrointestinal injury, lung injury, or mortality for sea turtles.
Although a few individuals may experience behavioral reactions only, population-level impacts are not
expected.
Pursuant to the ESA, the use of underwater explosives during testing activities under Alternative 2 may
affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive ridley and leatherback sea
turtles.
3.5.3.1.7

Impacts from Swimmer Defense Airguns

Airguns can introduce brief impulse, broadband sounds into the marine environment. These sounds are
probably within the audible range of most sea turtles. Sounds from airguns are capable of causing PTS or
TTS or behavioral responses. Single, small swimmer defense airguns would not cause direct trauma to
sea turtles. Impulses from these small airguns lack the strong shock wave and rapid pressure increases
of explosions that can cause primary blast injury or barotraumas. The limited information on assessing
sea turtle behavioral responses to impulse sounds is discussed in Section 3.5.3.1.2.5 (Behavioral
Reactions).
The behavioral response of sea turtles to the repeated firing of airguns has been studied for seismic
survey airguns (e.g., oil and gas exploration). Sea turtles were shown to avoid higher-level exposures or
to agitate when exposed to higher-level sources. However, the airguns proposed for use in Navy testing
are smaller, and fire a limited number of times, so reactions would likely be lesser than those observed
in studies.
Activities that use airguns as part of Navy testing activities would only occur at pierside locations in Apra
Harbor; therefore, sea turtles outside of these areas would not be affected.
3.5.3.1.7.1

Model-Predicted Impacts

For the analysis of hearing loss, airguns are treated as any other impulse sound source. Estimates of the
number of sea turtles exposed to levels capable of causing these impacts were calculated using the Navy
Acoustic Effects Model.
3.5.3.1.7.2 No Action Alternative
Training Activities

Training activities under the No Action Alternative do not use airguns.
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Testing Activities

Testing activities under the No Action Alternative do not use airguns.
3.5.3.1.7.3 Alternatives 1 and 2
Training Activities

Training activities under Alternative 1 and 2 do not use airguns.
Testing Activities

Testing activities that impart underwater impulse noise from airguns under Alternative 1 and 2 include
pierside integrated swimmer defense testing activities at pierside locations, as described in Table 2.8-3.
Small airguns (60 cubic inches) would release impulses into waters around Navy piers in Apra Harbor
during 11 annual activities. These areas are industrial, and the waterways carry a high volume of vessel
traffic in addition to Navy vessels. These areas tend to have high ambient noise levels sea turtles are not
expected because of the high levels of human activity.
Pursuant to the ESA, noise from swimmer defense airguns testing activities under Alternative 1 or
Alternative 2 would have no effect on green, hawksbill, loggerhead, olive ridley, and leatherback sea
turtles.
3.5.3.1.8

Impacts from Weapons Firing, Launch, and Impact Noise

Sea turtles may be exposed to weapons firing and launch noise and noises from the impact of
non-explosive ordnance on the water’s surface. The noises produced by these activities are described in
Section 3.0.5.2.1.4 (Weapons Firing, Launch, and Impact Noise). Reactions by sea turtles to these specific
stressors have not been recorded; however, sea turtles may be expected to react to weapons firing,
launch, and non-explosive impact noise as they would other transient sounds.
Sea turtles exposed to firing, launch, and non-explosive impact noise may exhibit brief startle reactions,
avoidance, diving, or no reaction at all. Gunfire noise would typically consist of a series of impulse
sounds. Due to the short term, transient nature of gunfire noise, animals are may be exposed multiple
noises but over a short time period. Launch noise would be transient and of short duration, lasting no
more than a few seconds at any given location as a projectile travels. Many missiles and targets are
launched from aircraft, which would produce minimal noise in the water due to the altitude of the
aircraft at launch. Any launch noise transmitted into the water would likely be due only to launches from
vessels. Most activities would consist of single launches. Non-explosive bombs, missiles, and targets
could impact the water with great force and produce a short duration impulse noise underwater that
would depend on the size, weight, and speed of the object at impact.
Sea turtles that are within the area of any of these noises would likely alert, startle, dive, or avoid the
immediate area. An animal near the surface directly beneath the firing of a large gun may possibly
experience sound exposure levels sufficient to cause a threshold shift; however, this potential impact
may be unlikely if a sea turtle reacts to the presence of the vessel prior to a large gunfire activity.
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3.5.3.1.8.1 No Action Alternative
Training Activities

Training activities under the No Action Alternative include activities that produce in-water noise from
weapons firing, launch, and non-explosive ordnance impact with the water's surface. Activities could
occur throughout the Study Area.
A sea turtle very near a launch or impact location could experience hearing impacts, although the
potential for this effect has not been studied and a sea turtle may avoid vessel interactions prior to the
firing of a gun. Sea turtles that experience PTS would have permanently reduced perception of sound
within a limited frequency range. It is uncertain whether some permanent hearing loss over a part of a
sea turtle’s hearing range would have long-term consequences for that individual, as the sea turtle
hearing range is already limited. A long-term consequence could be an impact on an individual turtle’s
ability to sense biologically important sounds, such as predators or prey, reducing that animal’s fitness.
TTS would result in short-term reduced perception of sound within a limited frequency range, lasting
from minutes to days, depending on the exposure.
Any behavioral reactions would likely be short-term and consist of brief startle reactions, avoidance, or
diving. Any significant behavioral reactions could lead to a sea turtle expending energy and missing
opportunities to secure resources. However, because most activities would consist of a limited number
of firings or launches and would not occur over long durations, there would be an opportunity to
recover from an incurred energetic cost.
Although some individuals may be impacted by activities that include weapons firing, launch, and
non-explosive impact, population-level impacts are not expected.
Pursuant to the ESA, noise from weapons firing, launch, and non-explosive impact during training
activities under the No Action Alternative may affect, but is not likely to adversely affect green,
hawksbill, loggerhead, olive ridley, and leatherback sea turtles.
Testing Activities

Testing activities under the No Action Alternative do not include weapons firing, launch, and impact
noise (Tables 2.8-2 through 2.8-4).
3.5.3.1.8.2 Alternative 1
Training Activities

Training activities under the Alternative 1 that produce in-water noise from weapons firing, launch, and
non-explosive ordnance impact with the water’s surface would increase compared to the No Action
Alternative. The locations and types of activities would be similar to those under the No Action
Alternative. The number of activities and their proposed locations are described in Table 2.8-1 of
Chapter 2 (Description of Proposed Action and Alternatives).
Although the impacts on sea turtles are expected to increase under Alternative 1 compared to the No
Action Alternative, the expected impacts on any individual sea turtle would remain the same. For the
same reasons provided for the No Action Alternative, although some individuals may be impacted by
activities that include weapons firing, launch, and non-explosive impact, population-level impacts are
not expected.
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Pursuant to the ESA, noise from weapons firing, launch, and non-explosive impact during training
activities under Alternative 1 may affect, but is not likely to adversely affect green, hawksbill,
loggerhead, olive ridley, and leatherback sea turtles.
Testing Activities

Testing activities under Alternative 1 include activities that produce in-water noise from weapons firing,
launch, and non-explosive ordnance impact with the water’s surface. Activities are spread throughout
the MITT Study Area during air-to-surface missile tests, kinetic energy weapon testing, and anti-surface
warfare mission package testing as described in Tables 2.8-2 through 2.8-4 of Chapter 2 (Description of
Proposed Action and Alternatives).
A sea turtle very near a launch or impact location could experience hearing impacts, although the
potential for this effect has not been studied and a sea turtle may avoid vessel interactions prior to the
firing of a gun. Sea turtles that experience PTS would have permanently reduced perception of sound
within a limited frequency range. It is uncertain whether some permanent hearing loss over a part of a
sea turtle’s hearing range would have long-term consequences for that individual, as the sea turtle
hearing range is already limited. A long-term consequence could be an impact on an individual turtle’s
ability to sense biologically important sounds, such as predators or prey, reducing that animal’s fitness.
TTS would result in short-term reduced perception of sound within a limited frequency range, lasting
from minutes to days, depending on the exposure.
Any behavioral reactions would likely be short-term and consist of brief startle reactions, avoidance, or
diving. Any significant behavioral reactions could lead to a sea turtle expending energy and missing
opportunities to secure resources. However, because most activities would consist of a limited number
of firings or launches and would not occur over long durations, there would be an opportunity to
recover from an incurred energy cost.
Although some individuals may be impacted by activities that include weapons firing, launch, and
non-explosive impact, population-level impacts are not expected.
Pursuant to the ESA, noise from weapons firing, launch, and non-explosive impact during testing
activities under Alternative 1 may affect, but is not likely to adversely affect green, hawksbill,
loggerhead, olive ridley, and leatherback sea turtles.
3.5.3.1.8.3 Alternative 2
Training Activities

The number and location of training activities under Alternative 2 are identical to training activities
under Alternative 1. Therefore, impacts and comparisons to the No Action Alternative will also be
identical.
Pursuant to the ESA, noise from weapons firing, launch, and non-explosive impact during training
activities under Alternative 2 may affect, but is not likely to adversely affect green, hawksbill,
loggerhead, olive ridley, and leatherback sea turtles.
Testing Activities

Testing activities under Alternative 2 include activities that produce in-water noise from weapons firing,
launch, and non-explosive ordnance impact with the water’s surface. Activities are spread throughout
the MITT Study Area during air-to-surface missile tests, kinetic energy weapon testing anti-submarine
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warfare tracking tests, and anti-surface warfare mission package testing as described in Tables 2.8-2 and
2.8-3 of Chapter 2 (Description of Proposed Action and Alternatives).
A sea turtle very near a launch or impact location could experience hearing impacts, although the
potential for this effect has not been studied and a sea turtle may avoid vessel interactions prior to the
firing of a gun. Sea turtles that experience PTS would have permanently reduced perception of sound
within a limited frequency range. It is uncertain whether some permanent hearing loss over a part of a
sea turtle’s hearing range would have long-term consequences for that individual, as the sea turtle
hearing range is already limited. A long-term consequence could be an impact on an individual turtle’s
ability to sense biologically important sounds, such as predators or prey, thereby reducing that animal’s
fitness. TTS would result in short-term reduced perception of sound within a limited frequency range,
lasting from minutes to days, depending on the exposure.
Any behavioral reactions would likely be short-term and consist of brief startle reactions, avoidance, or
diving. Any significant behavioral reactions could lead to a sea turtle expending energy and missing
opportunities to secure resources. However, because most activities would consist of a limited number
of firings or launches and would not occur over long durations, there would be an opportunity to
recover from an incurred energy cost.
Although some individuals may be impacted by activities that include weapons firing, launch, and
non-explosive impact, population-level impacts are not expected.
Pursuant to the ESA, noise from weapons firing, launch, and non-explosive impact during testing
activities under Alternative 2 may affect, but is not likely to adversely affect green, hawksbill,
loggerhead, olive ridley, and leatherback sea turtles.
3.5.3.1.9

Impacts from Vessel and Aircraft Noise

Vessel Noise

Vessel movements could occur throughout the Study Area, although some portions would have limited
or no activity. Many ongoing and proposed training and testing activities within the MITT Study Area
involve maneuvers by various types of surface ships, boats, and submarines (collectively referred to as
vessels). Activities involving vessel movements occur intermittently, and are variable in duration,
ranging from a few hours up to 2 weeks. Additionally, a variety of smaller craft are operated within the
Study Area. Small craft types, sizes, and speeds vary. During training, speeds generally range from 10 to
14 knots; however, ships and craft can and will, on occasion, operate within the entire spectrum of their
specific operational capabilities. A detailed description of vessel noise is provided in Section 3.0.5.2.1.5
(Vessel Noise).
Vessel noise could disturb sea turtles and potentially elicit an alerting, avoidance, or other behavioral
reaction. Sea turtles are frequently exposed to research, ecotourism, commercial, government, and
private vessel traffic. Some sea turtles may have habituated to vessel noise, and may be more likely to
respond to the sight of a vessel rather than the noise of a vessel, although both may play a role in
prompting reactions (Hazel et al. 2007). Any reactions are likely to be minor and short-term avoidance
reactions, leading to no long-term consequences for the individual or population.
Auditory masking can occur from vessel noise, potentially masking biologically important sounds (e.g.,
sounds of prey or predators) that sea turtles may rely upon. Potential for masking can vary depending
on the ambient noise level within the environment); the received level and frequency of the vessel
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noise; and the received level and frequency of the sound of biological interest. Masking by passing ships
or other sound sources transiting the MITT Study Area would be short-term and intermittent, and
therefore unlikely to result in any substantial energetic costs or consequences to individual animals or
populations. Areas with increased levels of ambient noise from anthropogenic noise sources, such as
areas around busy shipping lanes and near harbors and ports, may cause sustained levels of auditory
masking for sea turtles, which could reduce an animal’s ability to find prey, find mates, avoid predators,
or navigate. However, Navy vessels make up a very small percentage of the overall traffic and the rise of
ambient noise levels in these areas is a problem related to all ocean users including commercial and
recreational vessels and shoreline development and industrialization.
Surface combatant ships (e.g., guided missile destroyer, guided missile cruiser, and Littoral Combat Ship)
and submarines are designed to be very quiet to evade enemy detection. While surface combatants and
submarines may be detectable by sea turtles over ambient noise levels at distances of up to a few
kilometers, any auditory masking would be minor and temporary. Other Navy ships and small craft have
higher source levels, similar to equivalently sized commercial ships and private vessels. Ship noise tends
to be low-frequency and broadband; therefore, it may have the largest potential to mask all sea turtle
hearing. Noise from large vessels and outboard motors on small craft can produce source levels of
160 dB to over 200 dB re 1 µPa at 1 m for some large commercial vessels and outboard engines.
Therefore, in the open ocean, noise from noncombatant Navy vessels may be detectable over ambient
levels for tens of kilometers, and some auditory masking is possible. In noisier nearshore areas around
Navy ports and ranges, vessel noise may be detectable above ambient for only several hundred meters.
Some auditory masking to sea turtles is likely from noncombatant Navy vessels, especially in quieter,
open-ocean environments.
An approaching vessel may produce a noise shadow when the propulsion system is located at the rear of
the vessel. The vessels that pose the greatest risk to sea turtles are small, fast-moving vessels typically
used in coastal waters where sea turtle abundance is the greatest (Chaloupka et al. 2008b). These boats
typically have propeller configurations above the depth of the keel, shielding noise waves from
projecting forward of the vessel (Gerstein et al. 2009). Noise levels in front of the approaching vessel are
lower because the ship’s hull blocks the noise produced by the propulsion system (Gerstein et al. 2009).
Low-frequency noises are refracted around the ship’s hull, as shown by Gerstein et al. (2009), while
mid-frequency and high frequency noises are refracted outward from the vessel trajectory. In response,
marine animals that hear in the middle and high frequencies may move to a position closer to the
approaching vessel’s bow trajectory, increasing the potential for a strike. Low-frequency specialists, such
as sea turtles, are less likely to be confused by a noise shadow produced by an approaching vessel
because the noise shadow contains low-frequency noises. The potential for vessel strikes is discussed in
more detail in Section 3.5.3.3 (Physical Disturbance and Strike Stressors). Navy ships make up a small
portion of the total ship traffic, even in the most concentrated port and nearshore areas; therefore,
proposed Navy vessel transits are unlikely to cause long-term abandonment of habitat by sea turtles.
Aircraft Noise

Fixed and rotary-wing aircraft are used for a variety of training and testing activities throughout the
Study Area. Sea turtles may be exposed to aircraft noise wherever aircraft overflights occur in the Study
Area. Most of these noises would be centered around airbases and fixed ranges within each range
complex. Aircraft produce extensive airborne noise from either turbofan or turbojet engines.
Rotary-wing aircraft (helicopters) produce low-frequency noise and vibration (Pepper et al. 2003).
A severe but infrequent type of aircraft noise is the sonic boom, produced when the aircraft exceeds the
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speed of sound. A detailed description of aircraft noise as a stressor is provided in Section 3.0.5.2.1.6
(Aircraft Overflight Noise).
Transmission of noise from a moving airborne source to a receptor underwater is influenced by
numerous factors, but significant acoustic energy is primarily transmitted into the water directly below
the craft in a narrow cone area, as discussed in greater detail in Section 3.0.4, Acoustic and Explosives
Primer. Underwater noises from aircraft are strongest just below the surface and directly under the
aircraft, and attenuate (reduce in level) with increasing depth. The maximum noise levels in water from
aircraft overflights (Table 3.0-12) are approximately 148 dB re 1 µPa for an F/A-18 aircraft at 1,000 ft.
(304.8 m) altitude; approximately 125 dB re 1 µPa for an H-60 helicopter hovering at 50 ft. (15.2 m); and
under ideal conditions, sonic booms (Table 3.0-13) from aircraft at 1,000 ft. (304.8 m) could reach up to
178 dB re 1 µPa at the water’s surface (see Section 3.0.5.2.1.6, Aircraft Overflight Noise, for additional
information on aircraft sonic booms).
Sea turtles may respond to both the physical presence and to the noise generated by aircraft, making
causation by one or the other stimulus difficult to determine. In addition to noise, all low-flying aircraft
create shadows, to which animals at the surface may react. Helicopters may also produce strong
downdrafts, a vertical flow of air that becomes a surface wind, which can also affect an animal's
behavior at or near the surface.
In most cases, exposure of a sea turtle to fixed-wing or rotary-wing aircraft would last for only seconds
as the aircraft quickly passes overhead. Animals would have to be at or near the surface at the time of
an overflight to be exposed to appreciable noise levels. Take-offs and landings occur at established
airfields as well as on vessels at sea across the Study Area. Take-offs and landings from Navy vessels
could startle sea turtles; however, these activities only produce in-water noise at any given location for a
brief period as the aircraft climbs to cruising altitude. Some sonic booms from aircraft could startle sea
turtles, but these activities are transient and happen infrequently at any given location within the Study
Area. Repeated exposure to most individuals over short periods (days) is unlikely, except for animals
that reside in nearshore areas around Navy ports, or on Navy fixed-ranges, or during major training
exercises.
Low flight altitudes of helicopters during some activities, which often occur under 100 ft. (30.5 m)
altitude, may elicit a somewhat stronger behavioral response due to the proximity to the water; the
slower airspeed and therefore longer exposure duration; and the downdraft created by the helicopter’s
rotor. Sea turtles would likely avoid the area under the helicopter. An individual likely would not be
exposed repeatedly for long periods because these activities typically transit open ocean areas within
the Study Area.
3.5.3.1.9.1 No Action Alternative
Training Activities

Training activities under the No Action Alternative include noise from vessel movements and fixed- and
rotary-wing aircraft overflights. Navy vessel and aircraft traffic associated with training could occur in all
of the range complexes and throughout the MITT Study Area while in transit.
Most vessel traffic would be concentrated in waters near naval port facilities, as well as smaller craft
concentrations near training areas. Therefore, the majority of noise introduced into the water by vessel
movements would be concentrated in these areas.
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Helicopters typically train closer to shore and at lower altitudes than fixed-wing aircraft. Sea turtles
foraging in shallow waters may be exposed to in-water noise from helicopter overflights. Sea turtles
exposed to a passing Navy vessel or aircraft may not respond at all, or they may exhibit a short-term
behavioral response such as avoidance or changing dive behavior. Short-term reactions to aircraft or
vessels are not likely to disrupt major behavioral patterns or to result in serious injury to any sea turtles.
Acoustic masking may occur due to vessel noises, especially from noncombatant ships. Acoustic masking
may prevent an animal from perceiving biologically relevant sounds during the period of exposure,
potentially resulting in missed opportunities to obtain resources.
Long-term impacts due to the proposed activities are unlikely because the density of Navy ships in the
MITT Study Area is low overall and many Navy ships are designed to be as quiet as possible.
Abandonment of habitat is unlikely due to proposed Navy activities because of the low overall density of
Navy vessel and aircraft in the Study Area. No long-term consequences for individuals or the population
would be expected.
Pursuant to the ESA, noise from vessels and aircraft during training activities under the No Action
Alternative may affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive ridley, and
leatherback sea turtles.
Testing Activities

Testing activities under the No Action Alternative include noise from vessel movements and. Sea turtles
exposed to a passing Navy vessel may not respond at all, or they may exhibit a short-term behavioral
response such as avoidance or changing dive behavior. Short-term reactions to vessels are not likely to
disrupt major behavioral patterns or to result in serious injury to any sea turtles. Acoustic masking may
occur due to vessel noises, especially from noncombatant ships. Acoustic masking may prevent an
animal from perceiving biologically relevant sounds during the period of exposure, potentially resulting
in missed opportunities to obtain resources.
Long-term impacts due to the proposed activities are unlikely because the density of Navy ships in the
MITT Study Area is low overall and many Navy ships are designed to be as quiet as possible.
Abandonment of habitat is unlikely due to proposed Navy activities because of the low overall density of
Navy vessels in the Study Area. No long-term consequences for individuals or the population would be
expected.
Pursuant to the ESA, noise from vessels during testing activities under the No Action Alternative may
affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive ridley, and leatherback sea
turtles.
3.5.3.1.9.2 Alternative 1
Training Activities

Training activities proposed under Alternative 1 would increase vessel traffic and aircraft flight hours
compared to the No Action Alternative, increasing overall amounts of aircraft and vessel noise. Certain
portions of the Study Area, such as areas near Navy ports and training ranges are used more heavily by
vessels and aircraft than other portions of the Study Area. The types and locations of noise from vessels
and aircraft would be similar to those under the No Action Alternative.
Although more sea turtle exposures to noise from vessels and aircraft could occur, predicted impacts
from vessel or aircraft noise would not differ substantially from those under the No Action Alternative.
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Significant behavioral reactions by sea turtles due to passing vessel or aircraft noise are not expected
(for the same reasons stated for the No Action Alternative), even though the noise may cause
short-term impacts, no long-term consequences for individuals or populations would be expected.
Pursuant to the ESA, noise from vessels and aircraft during training activities under Alternative 1 may
affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive ridley, and leatherback sea
turtles.
Testing Activities

Testing activities proposed under Alternative 1 would increase Navy vessel traffic and aircraft overflights
compared to the No Action Alternative, increasing overall amounts of vessel and aircraft noise. New
vessels proposed for testing under Alternative 1 (see Section 2.7.3.2, Ships), such as the Littoral Combat
Ship, are all fast-moving and designed to operate in nearshore waters. Overall noise levels may increase
in these environments. The number of activities and proposed locations are discussed in further detail in
Tables 2.8-2 through 2.8-4 of Chapter 2 (Description of Proposed Action and Alternatives), Section
3.0.5.2.1.5 (Vessel Noise), and Section 3.0.5.2.1.6 (Aircraft Overflight Noise).
Although more sea turtle exposures to noise from vessels and aircraft could occur, predicted impacts
from vessel would not differ substantially from those under the No Action Alternative. Sea turtles
exposed to a passing Navy aircraft may not respond at all, or they may exhibit a short-term behavioral
response such as avoidance or changing dive behavior. Short-term reactions to aircraft are not likely to
disrupt major behavioral patterns or to result in serious injury to any sea turtles. Significant behavioral
reactions by sea turtles due to passing vessel or aircraft noise are not expected. For the same reasons
stated for the No Action Alternative, even though the noise may cause short-term impacts, no long-term
consequences for individuals or populations would be expected.
Pursuant to the ESA, noise from vessels and aircraft during testing activities under Alternative 1 may
affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive ridley, and leatherback sea
turtles.
3.5.3.1.9.3 Alternative 2
Training Activities

The number and location of training activities under Alternative 2 are identical to training activities
under Alternative 1. Therefore, impacts and comparisons to the No Action Alternative will also be
identical.
Pursuant to the ESA, noise from vessels and aircraft during training activities under Alternative 2 may
affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive ridley, and leatherback sea
turtles.
Testing Activities

Testing Activities proposed under Alternative 2 would increase Navy vessel traffic and aircraft overflights
compared to the No Action Alternative, increasing overall amounts of vessel and aircraft noise. The
types of activities and their locations would similar to those under Alternative 1, although overall
activities would increase very slightly. The number of activities and proposed locations are discussed in
further detail in Tables 2.8-2 and 2.8-3 of Chapter 2 (Description of Proposed Action and Alternatives),
Section 3.0.5.2.1.5 (Vessel Noise), and Section 3.0.5.2.1.6 (Aircraft Overflight Noise).
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Although more sea turtle exposures to noise from vessels and aircraft could occur, predicted impacts
from vessel or aircraft noise would not differ substantially from those under Alternative 1. Significant
behavioral reactions by sea turtles due to passing vessel or aircraft noise are not expected. For the same
reasons stated for the No Action Alternative, even though vessel may cause short-term impacts, no
long-term consequences for individuals or populations would be expected. Similarly, although aircraft
noise may cause short-term impacts, no long-term consequences for individuals or populations would
be expected.
Pursuant to the ESA, noise from vessels and aircraft during testing activities under Alternative 2 may
affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive ridley, and leatherback sea
turtles.
3.5.3.2

Energy Stressors

This section evaluates the potential for sea turtles to be impacted by electromagnetic devices used
during training and testing activities in the Study Area.
3.5.3.2.1

Impacts from Electromagnetic Devices

Several different types of electromagnetic devices are used during training and testing activities. For a
discussion of the types of activities that use electromagnetic devices, where they are used, and how
many activities will occur under each alternative, please see Section 3.0.5.2.2.1 (Electromagnetic
Devices).
Well over a century ago, electromagnetic fields were introduced into the marine environment within the
MITT Study Area from a wide variety of sources (e.g., power transmission cables), yet little is known
about the potential impacts of these sources. Studies on behavioral responses to magnetic fields have
been conducted on green and loggerhead sea turtles. Loggerheads were found to be sensitive to field
intensities ranging from 0.0047 to 4000 microteslas, and green sea turtles were found to be sensitive to
field intensities from 29.3 to 200 microteslas (Normandeau et al. 2011). Because these data are the best
available information, this analysis assumes that the responses would be similar for other sea turtle
species.
Sea turtles use geomagnetic fields to navigate at sea, and therefore changes in those fields could impact
their movement patterns (Lohmann and Lohmann 1996; Lohmann et al. 1997). Turtles in all life stages
orient to the earth’s magnetic field to position themselves in oceanic currents; this helps them locate
seasonal feeding and breeding grounds and to return to their nesting sites (Lohmann and Lohmann
1996; Lohmann et al. 1997). Experiments show that sea turtles can detect changes in magnetic fields,
which may cause them to deviate from their original direction (Lohmann and Lohmann 1996; Lohmann
et al. 1997). For example, Lohmann and Lohmann (1996) found that loggerhead hatchlings tested in a
magnetic field of 52,000 nanoteslas swam eastward, and when the field was decreased to 43,000
nanoteslas, the hatchlings swam westward. Sea turtles also use nonmagnetic cues for navigation and
migration, and these additional cues may compensate for variations in magnetic fields.
3.5.3.2.1.1 No Action Alternative
Training Activities

Under the No Action Alternative, there are no training activities that involve the use of electromagnetic
devices.
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Testing Activities

Under the No Action Alternative, there are no testing activities that involve the use of electromagnetic
devices.
3.5.3.2.1.2 Alternative 1
Training Activities

As indicated in Section 3.0.5.2.2.1 (Electromagnetic Devices), training activities involving
electromagnetic devices under Alternative 1 occur up to five times annually as part of mine
countermeasure (MCM) (towed mine detection) and Civilian Port Defense activities. Table 2.8-1 lists the
number and location of training activities that use electromagnetic devices. All sea turtle species in the
MITT Study Area could potentially occur in these locations and would have the potential to be exposed
to the electromagnetic fields.
If located in the immediate area (within about 650 ft. [198 m]) where electromagnetic devices are being
used, sea turtles could deviate from their original movements (as shown by Normandeau et al. 2011),
but the extent of this disturbance is likely to be inconsequential. The electromagnetic devices used in
training activities are not expected to cause more than a short-term behavioral disturbance to sea
turtles because of the: (1) relatively low intensity of the magnetic fields generated (0.2 microtesla at
200 m from the source), (2) very localized potential impact area, and (3) temporary duration of the
activities (hours). Potential impacts of exposure to electromagnetic stressors are not expected to result
in substantial changes to an individual’s behavior, growth, survival, annual reproductive success, lifetime
reproductive success (fitness), or species recruitment, and are not expected to result in population-level
impacts.
In comparison to the No Action Alternative, the increase in activities presented in Alternative 1 may
increase the risk of sea turtle exposures to electromagnetic energy. However, the use of
electromagnetic devices is not expected to cause more than a short-term behavioral disturbance to sea
turtles or have any lasting effects on their survival, growth, recruitment, or reproduction.
Pursuant to the ESA, the use of electromagnetic devices during training activities under Alternative 1
may affect, but is not likely to adversely affect green, hawksbill, loggerhead, olive ridley, and leatherback
sea turtles.
Testing Activities

Mission package testing for new ship systems includes the use of electromagnetic devices (magnetic
fields generated underwater to detect mines). Under Alternative 1, the Naval Sea Systems Command
will engage in up to 32 MCM mission package testing activities. All sea turtle species in the MITT Study
Area could potentially occur in these locations and would have the potential to be exposed to the
electromagnetic fields.
If located in the immediate area (within about 650 ft. [198 m]) where electromagnetic devices are being
used, sea turtles could deviate from their original movements (as shown by Normandeau et al. 2011),
but the extent of this disturbance is likely to be inconsequential. The electromagnetic devices used in
testing activities are not expected to cause more than a short-term behavioral disturbance to sea turtles
because of the: (1) relatively low intensity of the magnetic fields generated (0.2 microtesla at 200 m
from the source), (2) very localized potential impact area, and (3) temporary duration of the activities
(hours). Potential impacts of exposure to electromagnetic stressors are not expected to result in
substantial changes to an individual’s behavior, growth, survival, annual reproductive success, lifetime
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reproductive success (fitness), or species recruitment, and are not expected to result in population-level
impacts.
In comparison to the No Action Alternative, the increase in activities presented in Alternative 1 may
increase the risk of sea turtle exposures to electromagnetic energy. However, the use of
electromagnetic devices is not expected to cause more than a short-term behavioral disturbance to sea
turtles or have any lasting effects on their survival, growth, recruitment, or reproduction.
Pursuant to the ESA, the use of electromagnetic devices during testing activities under Alternative 1 may
affect, but is not likely to adversely affect green, hawksbill, loggerhead, olive ridley, and leatherback sea
turtles.
3.5.3.2.1.3 Alternative 2
Training Activities

As indicated in Section 3.0.5.2.2.1 (Electromagnetic Devices), training activities involving
electromagnetic devices under Alternative 2 occur up to five times annually as part of MCM (towed
mine detection) and Civilian Port Defense activities. Table 2.8-1 lists the number and location of training
activities that use electromagnetic devices.
If located in the immediate area (within about 650 ft. [198 m]) where electromagnetic devices are being
used, sea turtles could deviate from their original movements (as shown by Normandeau et al. 2011),
but the extent of this disturbance is likely to be inconsequential. The electromagnetic devices used in
training activities are not expected to cause more than a short-term behavioral disturbance to sea
turtles because of the: (1) relatively low intensity of the magnetic fields generated (0.2 microtesla at
200 m from the source), (2) very localized potential impact area, and (3) temporary duration of the
activities (hours). Potential impacts of exposure to electromagnetic stressors are not expected to result
in substantial changes to an individual’s behavior, growth, survival, annual reproductive success, lifetime
reproductive success (fitness), or species recruitment, and are not expected to result in population-level
impacts.
In comparison to the No Action Alternative, the increase in activities presented in Alternative 2 may
increase the risk of sea turtle exposures to electromagnetic energy. However, the use of
electromagnetic devices is not expected to cause more than a short-term behavioral disturbance to sea
turtles or have any lasting effects on their survival, growth, recruitment, or reproduction.
Pursuant to the ESA, the use of electromagnetic devices during training activities under Alternative 2
may affect, but is not likely to adversely affect green, hawksbill, loggerhead, olive ridley, and leatherback
sea turtles.
Testing Activities

Mission package testing for new ship systems includes the use of electromagnetic devices (magnetic
fields generated underwater to detect mines). Under Alternative 2, the Naval Sea Systems Command
will engage in up to 36 MCM mission package testing activities. All sea turtle species in the MITT Study
Area could potentially occur in these locations and would have the potential to be exposed to the
electromagnetic fields.
If located in the immediate area (within about 650 ft. [198 m]) where electromagnetic devices are being
used, sea turtles could deviate from their original movements (as shown by Normandeau et al. 2011),
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but the extent of this disturbance is likely to be inconsequential. The electromagnetic devices used in
testing activities are not expected to cause more than a short-term behavioral disturbance to sea turtles
because of the: (1) relatively low intensity of the magnetic fields generated (0.2 microtesla at 200 m
from the source), (2) very localized potential impact area, and (3) temporary duration of the activities
(hours). Potential impacts of exposure to electromagnetic stressors are not expected to result in
substantial changes to an individual’s behavior, growth, survival, annual reproductive success, lifetime
reproductive success (fitness), or species recruitment, and are not expected to result in population-level
impacts.
In comparison to the No Action Alternative, the increase in activities presented in Alternative 2 may
increase the risk of sea turtle exposures to electromagnetic energy. However, the use of
electromagnetic devices is not expected to cause more than a short-term behavioral disturbance to sea
turtles or have any lasting effects on their survival, growth, recruitment, or reproduction.
Pursuant to the ESA, the use of electromagnetic devices during testing activities under Alternative 2 may
affect, but is not likely to adversely affect green, hawksbill, loggerhead, olive ridley, and leatherback sea
turtles.
3.5.3.3

Physical Disturbance and Strike Stressors

This section analyzes the potential impacts of the various types of physical disturbance and strike
stressors used by Navy during training and testing activities within the Study Area. The physical
disturbance and strike stressors that may impact sea turtles include: (1) vessels, (2) in-water devices,
(3) military expended materials, and (4) seafloor devices. Sections 3.0.5.2.1.1 (Sonar and Other Active
Acoustic Sources) through 3.0.5.2.1.4 (Weapons Firing, Launch, and Impact Noise) contain the analysis
of the potential for disturbance visual or acoustic cues. For a list of Navy activities that involve this
stressor, refer to Table 3.0-7 (Stressors by Warfare and Testing Area).
The way a physical disturbance may affect a sea turtle would depend in part on the relative size of the
object, the speed of the object, the location of the sea turtle in the water column, and the behavioral
reaction of the sea turtle. It is not known at what point or through what combination of stimuli (visual,
acoustic, or through detection in pressure changes) a sea turtle becomes aware of a vessel or other
potential physical disturbances prior to reacting or being struck. Like marine mammals, if a sea turtle
reacts to physical disturbance, the individual must stop its activity and divert its attention in response to
the stressor. The energetic costs of reacting to a stressor are dependent on the specific situation, but
one can assume that the caloric requirements of a response may reduce the amount of energy available
for other biological functions. Given that the presentation of a physical disturbance should be very rare
and brief, the cost from the response is likely to be within the normal variation experienced by a sea
turtle during its daily routine unless the animal is struck. If a strike does occur, the cost to the individual
could range from slight injury to death.
3.5.3.3.1

Impacts from Vessels

The majority of the training and testing activities under all alternatives involve some level of vessel
activity. For a discussion of the types of activities that include the use of vessels, where they are used,
and the speed and size characteristics of vessels used, see Section 3.0.5.2.3.2 (Vessels). Vessels include
ships, submarines and boats ranging in size from small, 22 ft. (7 m) rigid hull inflatable boats to aircraft
carriers with lengths up to 1,092 ft. (333 m). Large Navy ships generally operate at speeds in the range
of 10 to 15 knots, and submarines generally operate at speeds in the range of 8 to 13 knots. Small craft
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(for purposes of this discussion less than 40 ft. [12 m] in length) have much more variable speeds
(dependent on the mission). While these speeds are representative of most activities, some vessels
need to operate outside of these parameters. For example, in order to produce the required relative
wind speed over the flight deck, an aircraft carrier vessel group engaged in flight operations must adjust
its speed through the water accordingly. Conversely, there are other instances such as launch and
recovery of a small rigid hull inflatable boat, vessel boarding, search, and seizure training activities or
retrieval of a target when vessels will be dead in the water or moving slowly ahead to maintain steerage.
There are a few specific activities including high speed tests of newly constructed vessels such as aircraft
carriers, amphibious assault ships and the Joint High Speed Vessel (which will operate at an average
speed of 35 knots) where vessels will operate at higher speeds.
The number of Navy vessels in the MITT Study Area at any given time varies and is dependent local
training or testing requirements. Most activities include either one or two vessels and may last from a
few hours up to 2 weeks. Vessel movement as part of the Proposed Action would be widely dispersed
throughout the Study Area, but more concentrated in portions of the MITT Study Area near ports, naval
installations, range complexes and testing ranges.
Minor strikes may cause temporary reversible impacts, such as diverting the turtle from its previous
activity or causing minor injury. Major strikes are those that can cause permanent injury or death from
bleeding or other trauma, paralysis and subsequent drowning, infection, or inability to feed. Apart from
the severity of the physical strike, the likelihood and rate of a turtle’s recovery from a strike may be
influenced by its age, reproductive state, and general condition. Much of what is written about recovery
from vessel strikes is inferred from observing individuals some time after a strike. Numerous sea turtles
bear scars that appear to have been caused by propeller cuts or collisions with vessel hulls (Hazel et al.
2007; Lutcavage et al. 1997; Lutcavage and Lutz 1997), suggesting that not all vessel strikes are lethal.
Conversely, fresh wounds on some stranded animals may strongly suggest a vessel strike as the cause of
death. The actual incidence of recovery versus death is not known, given available data.
Any of the sea turtle species found in the MITT Study Area can occur at or near the surface in open
ocean and coastal areas, whether feeding or periodically surfacing to breathe. Sea turtles spend a
majority of their time submerged (Renaud and Carpenter 1994; Sasso and Witzell 2006), though Hazel
(2009) showed turtles staying within the top 3 m of water despite deeper water being available.
Leatherback turtles are more likely to feed at or near the surface in open ocean areas. It is important to
note that leatherbacks can forage for jellyfish at depth but bring them to the surface to ingest (James
and Herman 2001, Benson et al. 2011, Fossette et al. 2007). Green, hawksbill, and loggerhead turtles are
more likely to forage nearshore, and although they may feed along the seafloor, they surface
periodically to breathe while feeding and moving between nearshore habitats. Olive ridleys can spend
extended periods foraging at depth, even in open ocean areas (McMahon et al. 2007). Green and
hawksbill sea turtles are the two most common sea turtles found in the nearshore environment of the
Study Area. All sea turtle species are distributed widely in all offshore portions of the Study Area.
To assess the risk or probability of a physical strike, the number, size, and speed of Navy vessels were
considered, as well as the sensory capability of sea turtles to identify an approaching vessel. Because of
the wide dispersal of large vessels in open ocean areas and the widespread, scattered distribution of
turtles at sea, strikes during open-ocean transits of Navy vessels are unlikely. For very large vessels, the
bow wave may even preclude a sea turtle strike. The probability of a strike is further reduced by Navy
mitigation measures and standard operating procedures to avoid sea turtles (Chapter 5, Standard
Operating Procedures, Mitigation, and Monitoring), which include lookouts and “safe speed”
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procedures. Smaller, faster vessels that operate in nearshore waters, where green, hawksbill, olive
ridley, and loggerhead sea turtles can be more densely concentrated, pose a greater risk (Chaloupka
et al. 2008b), though the density of turtles in these areas remains low. Some vessels associated with
training and testing can travel at high speeds, which increase the strike risk to sea turtles (Table 3.0-15)
(Hazel et al. 2007). Vessels transiting in shallow waters to and from ports travel at slower speed and
pose less risk of strikes to sea turtles (see Section 3.0.5.2.3, Physical Disturbance and Strike Stressors).
3.5.3.3.1.1 No Action Alternative, Alternative 1, and Alternative 2
Training Activities

As indicated in Section 3.0.5.2.3 (Physical Disturbance and Strike Stressors), the majority of the training
activities under all alternatives involve vessels. See Table 3.0-15 for a representative list of Navy vessel
sizes and speeds. Vessel activities could be widely dispersed throughout the Study Area, but would be
more concentrated near naval ports, piers and range areas. There would be a higher likelihood of vessel
strikes over nearshore than in the open ocean portions of the MITT Study Area because of the
concentration of vessel movements in those areas. Any of the sea turtle species found in the MITT Study
Area can occur at or near the surface in open-ocean and coastal areas, whether feeding or periodically
surfacing to breathe. These species are distributed widely in all offshore portions of the Study Area.
Given the concentration of Navy vessel movements near naval ports, piers and range areas, this training
activity could overlap with sea turtles occupying these waters.
Under the No Action Alternative, Alternative 1 and Alternative 2, exposure to vessels used in training
activities may cause short-term disturbance to an individual turtle, and if struck, it could lead to injury or
death. As demonstrated by scars on all species of sea turtles, they are not always able to avoid being
struck; therefore, vessel strikes are a potential cause of mortality for these species.
Because of the wide dispersal of large vessels in open ocean areas and the widespread, scattered
distribution of turtles at sea, strikes during open-ocean transits of Navy vessels are unlikely. For very
large vessels, the bow wave may even preclude a sea turtle strike. The probability of a strike anywhere
in the MITT Study Area is further reduced by Navy mitigation measures and standard operating
procedures to avoid sea turtles (Chapter 5, Standard Operating Procedures, Mitigation, and Monitoring).
Although the likelihood of being struck is minimal, sea turtles that overlap with Navy exercises are more
likely to encounter vessels. Potential impacts of exposure to vessels may result in changes to an
individual’s behavior, growth, survival, annual reproductive success, lifetime reproductive success
(fitness), or species recruitment.
Amphibious vessels could contact sea turtle nesting beaches during Amphibious Assault and Amphibious
Raid operations. These amphibious vessels would include MK V Special Operations Craft, Mechanized
and Utility Landing Craft, Air Cushioned Landing Craft, and other boats for transporting people or
equipment. Amphibious Assault and Amphibious Raid training could be conducted in the nearshore area
including the surf zone up to the high tide line at Unai Chulu, Unai Babui, and Unai Dankulo, Tinian as
well as Dry Dock Island in Apra Harbor, and Dadi Beach on Guam. Amphibious Raid activities could also
be conducted on Rota, but are restricted to approaches via boat docks (no beach landings). In
accordance with COMNAVMARIANASINST 3500.4, prior to beach landings by amphibious vehicles,
known sea turtle nesting beaches are surveyed by Navy biologists for the presence of sea turtle nests no
more than 6 hours prior to a landing exercise. Areas free of nests are flagged, and vehicles are directed
to remain within these areas. Landing Craft Air Cushion (LCAC) landings on Tinian are scheduled for hightide. LCACs stay on-cushion until clear of the water and within a designated Craft Landing Zone (CLZ).
Within the CLZ, LCAC come off-cushion with the LCAC oriented to permit expeditious vehicle and cargo
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offload onto a cleared offload and vehicle traffic area. Although LCAC and expeditionary vehicle traffic
typically do not leave ruts, some compaction of sand in vehicle tracks is possible. If restoration of beach
topography is required it is conducted using non-mechanized methods. Additionally, Navy biologists
monitor beaches during nighttime training landing exercises. If sea turtles are observed or known to be
within the area, training activities are halted until all nests have been located and sea turtles have left
the area. Identified nests are avoided during the night-time landing exercise.
Pursuant to the ESA, the use of vessels during training activities as described in the No Action Alternative,
Alternative 1, and Alternative 2 may affect, but is not likely to adversely affect green, hawksbill,
loggerhead, olive ridley, or leatherback sea turtles.
Testing Activities

As indicated in Section 3.0.5.2.3 (Physical Disturbance and Strike Stressors), most testing activities
involve the use of vessels. However, the number of vessels used for testing activities is comparatively
lower than the number of vessels used for training (less than 10 percent). In addition, testing often
occurs jointly with training, so it is likely that the testing activity would occur on a training vessel. Vessel
movement in conjunction with testing activities could be widely dispersed throughout the Study Area,
but would be concentrated near naval ports, and piers. There would be a higher likelihood of vessel
strikes over the nearshore portions of the MITT Study Area (most notably during the nesting/breeding
season) because of the concentration of vessel movement in those areas.
Under the No Action Alternative, Alternative 1 and Alternative 2, exposure to vessels used in testing
activities may cause short-term disturbance to an individual turtle and if struck, it could lead to injury or
death. As demonstrated by scars on all species of sea turtles, they are not always able to avoid being
struck; therefore, vessel strikes are a potential cause of mortality for these species.
Because of the wide dispersal of large vessels in open ocean areas and the widespread, scattered
distribution of turtles at sea, strikes during open-ocean transits of Navy vessels are unlikely. For very
large vessels, the bow wave may even preclude a sea turtle strike. The probability of a strike anywhere
in the MITT Study Area is further reduced by Navy mitigation measures and standard operating
procedures to avoid sea turtles (Chapter 5, Standard Operating Procedures, Mitigation, and Monitoring).
Although the likelihood of being struck is minimal, sea turtles that overlap with Navy activities are more
likely to encounter vessels. Potential impacts of exposure to vessels may result in changes to an
individual’s behavior, growth, survival, annual reproductive success, lifetime reproductive success
(fitness), or species recruitment.
Pursuant to the ESA, the use of vessels during testing activities as described in the No Action Alternative,
Alternative 1, and Alternative 2 may affect, but is not likely to adversely affect green, hawksbill,
loggerhead, olive ridley, or leatherback sea turtles.
3.5.3.3.2

Impacts from In-Water Devices

In-water devices are generally smaller (several inches to 111 ft. [33.8 m]) than most Navy vessels. For a
discussion of the types of activities that use in-water devices, where they are used, and how many
activities would occur under each alternative, see Section 3.0.5.2.3.3 (In-Water Devices). See
Table 3.0-16 for the types, sizes, and speeds of Navy in-water devices used in the Study Area.
Devices that pose the greatest collision risk to sea turtles are those that are towed or operated at high
speeds and include: remotely operated high-speed targets and mine warfare systems. Devices that
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move slowly through the water column have a very limited potential to strike a sea turtle because sea
turtles in the water could avoid a slow-moving object.
3.5.3.3.2.1 No Action Alternative, Alternative 1, and Alternative 2
Training Activities

Use of in-water devices is concentrated to anti-submarine warfare and mine warfare activities
throughout the Study Area. Any of the sea turtle species found in the MITT Study Area can occur at or
near the surface in open-ocean and coastal areas, whether feeding or periodically surfacing to breathe.
These species are distributed widely in all offshore portions of the Study Area.
Under the No Action Alternative, Alternative 1 and Alternative 2, exposure to in-water devices used in
training activities may cause short-term disturbance to an individual turtle, or if struck, it could lead to
injury or death. These devices can operate anywhere from the water surface to the benthic zone.
Certain devices do not have a realistic potential to strike living marine resources because they either
move slowly through the water column (e.g., most unmanned undersurface vehicles) or are closely
monitored by observers manning the towing platform (e.g., most towed devices). Because of their size
and potential operating speed, in-water devices that operate in a manner with the potential to strike
living marine resources are the Unmanned Surface Vehicles. Training activities that involve the use of
unmanned surface or underwater activities include Amphibious Raid activities, which occur six times a
year. The possibility of a strike anywhere in the MITT Study Area is reduced by Navy mitigation measures
and standard operating procedures to avoid sea turtles (Chapter 5, Standard Operating Procedures,
Mitigation, and Monitoring).
Although the likelihood of being struck is minimal, sea turtles that are present during Navy exercises are
more likely to encounter in-water devices. Potential impacts of exposure to in-water devices may result
in changes to an individual’s behavior, growth, survival, annual reproductive success, lifetime
reproductive success (fitness), or species recruitment. The impact of in-water devices on sea turtles is
not likely to cause injury or mortality to individuals, and impacts to populations would be
inconsequential because: (1) the area exposed to the stressor is extremely small relative to most sea
turtle’s ranges, (2) the activities are dispersed such that few individuals could conceivably be exposed to
more than one activity, and (3) exposures would be localized. Activities involving in-water devices are
not expected to yield any behavioral changes or lasting impacts on the survival, growth, recruitment, or
reproduction of sea turtles species at the population level.
Pursuant to the ESA, the use of in-water devices during training activities as described in the No Action
Alternative, Alternative 1, and Alternative 2 may affect, but is not likely to adversely affect, green,
hawksbill, loggerhead, olive ridley, or leatherback sea turtles.
Testing Activities

Under the No Action Alternative, Alternative 1 and Alternative 2, exposure to in-water devices used in
testing activities may cause short-term disturbance to an individual turtle, or, if struck, it could lead to
injury or death. However, these devices move slowly through the water column and have a very limited
potential to strike a sea turtle because sea turtles in the water could avoid a slow moving object.
Potential impacts of exposure to in-water devices may result in changes to an individual’s behavior,
growth, survival, annual reproductive success, lifetime reproductive success (fitness), or species
recruitment. Potential impacts of exposure to in-water devices are not expected to result in
population-level impacts. There is no overlap of the stressor with any designated sea turtle critical
habitat.
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Pursuant to the ESA, the use of in-water devices during testing activities as described in the No Action
Alternative, Alternative 1, and Alternative 2 may affect, but is not likely to adversely affect, green,
hawksbill, loggerhead, olive ridley, or leatherback sea turtles.
3.5.3.3.3

Impacts from Military Expended Materials

This section analyzes the strike potential to sea turtles from the following categories of military
expended materials: (1) all sizes of non-explosive practice munitions; (2) fragments from explosive
munitions; and (3) expended materials other than ordnance, such as sonobuoys, ship hulks, expendable
targets and unrecovered aircraft stores (fuel tanks, carriages, dispensers, racks, or similar types of
support systems on aircraft).
While disturbance or strike from an item as it falls through the water column is possible, it is not very
likely because the objects generally sink through the water slowly and can be avoided by most sea
turtles. Therefore, the discussion of military expended materials strikes will focus on the potential of a
strike at the surface of the water.
The potential for sea turtles to be struck by military expended materials was evaluated using statistical
probability analysis (Appendix G, Statistical Probability Model for Estimating Direct Strike Impact and
Number of Potential Exposures) to estimate the probability of striking a sea turtle for a worst-case
scenario. Input values include munitions data (frequency, footprint, and type), size of the training and
testing area, sea turtle density data, and size of the animal (area of potential impact). To estimate the
potential to strike a sea turtle in a worst-case scenario, the impact area of all bombs and projectiles was
totaled over 1 year in the training or testing area for each alternative with the highest projected use
(concentration of military expended materials). Finally, the sea turtle species with the highest average
seasonal density within the activity at each location was used.
The estimate of the potential for a sea turtle strike is influenced by the following assumptions:



The estimate assumes that all sea turtles would be at or near the surface 100 percent of the
time (two-dimensional), when in fact, sea turtles spend most of their time submerged (Renaud
and Carpenter 1994; Sasso and Witzell 2006).
That the animal is stationary and does not account for any movement of the sea turtle or any
potential avoidance of the training or testing activity.

The model does not account for the ability of Navy observers to see and avoid sea turtles. The model
also does not account for the fact that 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. The potential of fragments from high-explosive
munitions or expended material other than ordnance to strike a sea turtle is likely lower than for the
worst-case scenario calculated below because those activities happen with much lower frequency.
Fragments may include metallic fragments from the exploded target as well as from the exploded
ordnance.
There is a remote possibility that an individual turtle at or near the surface may be struck directly if they
are in the target area at the point of physical impact at the time of non explosive ordnance delivery.
Expended munitions may strike the water surface with sufficient force to cause injury or mortality.
While any species of sea turtle may move through the open ocean, most will only surface intermittently.
Sea turtles are generally at the surface for short periods, and spend most of their time submerged
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(Renaud and Carpenter 1994; Sasso and Witzell 2006). The leatherback 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 (Table 3.5-11).
Table 3.5-11: Estimated Sea Turtle Exposures from Direct Strike of Military Expended Materials by Area and
Alternative
Mariana Islands Training and Testing Study Area
Nearshore Area (MITT Study Area shallower than 200 m)
Training

Species

Testing

No Action

Alternative 1

Alternative 2

No Action

Alternative 1

Alternative 2

Green Sea
Turtle

0.00092

0.00231

0.00231

0.00001

0.00005

0.00005

Hawksbill
Sea Turtle

0.00005

0.00014

0.00014

< 0.00001

< 0.00001

< 0.00001

Loggerhead
Sea Turtle

< 0.00001

< 0.00001

< 0.00001

< 0.00001

< 0.00001

< 0.00001

Olive Ridley
Sea Turtle

< 0.00001

< 0.00001

< 0.00001

< 0.00001

< 0.00001

< 0.00001

Leatherback
Sea Turtle

< 0.00001

< 0.00001

< 0.00001

< 0.00001

< 0.00001

< 0.00001

Open Ocean (MITT Study Area deeper than 200 m)
Training

Species
All Turtle
Species

Testing

No Action

Alternative 1

Alternative 2

No Action

Alternative 1

Alternative 2

< 0.00001

< 0.00001

< 0.00001

< 0.00001

< 0.00001

< 0.00001

Notes: m = meter(s), MITT = Mariana Islands Training and Testing

The probability of a strike is further reduced by Navy mitigation measures and standard operating
procedures to avoid sea turtles (Chapter 5, Standard Operating Procedures, Mitigation, and Monitoring).
3.5.3.3.3.1

No Action Alternative, Alternative 1, and Alternative 2

As described in Section 2.7, Alternative 1 consists of the No Action Alternative, plus the expansion of
MITT Study Area boundaries and adjustments to location, type, and tempo of training and testing
activities, which includes the addition of platforms and systems. As described in Section 2.8, Alternative
2 consists of all activities that would occur under Alternative 1 plus adjustments to the type and tempo
of training and testing activities.
Training Activities

With the exception of those used at FDM, the majority of military expended materials (bombs, mediumand large-caliber projectiles, missiles, and decelerators/parachutes) are all used in areas of the MITT
Study Area greater than 3 nm from shorelines, and the larger of these (bombs, missiles, large-caliber
projectiles) are restricted to use in areas greater than 3 nm from shore. Small caliber projectiles would
be used throughout the MITT Study Area. Table 3.5-11 presents the strike probabilities for each species
of sea turtles, which are very small. The probabilities of a strike in the open ocean portion of the MITT
Study Area, where the majority of materials are expended, is less than 0.00001 percent for all species of
sea turtles.
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Any of the sea turtle species found in the MITT Study Area can occur at or near the surface in openocean and coastal areas, whether feeding or periodically surfacing to breathe. These species are
distributed widely in all offshore portions of the Study Area. Under the No Action Alternative,
Alternative 1, and Alternative 2 exposures to military-expended materials used in training activities may
cause short-term disturbance to an individual turtle, or, if struck, it could lead to injury or death.
Potential impacts of exposure to military-expended materials may result in changes to an individual’s
behavior, growth, survival, annual reproductive success, lifetime reproductive success (fitness), or
species recruitment. Potential impacts of exposure to military-expended materials are not expected to
result in population-level impacts.
With regards to military expended material used at FDM, there is a very low potential for aberrant
ordnance to impact the nearshore waters surrounding land-based targets. The probability of direct
strike in nearshore and offshore waters on sea turtles were calculated for areas where ordnance is
targeted (expected to fall), and probabilities of strike were calculated to be near zero percent. Based on
this calculation, it is even more unlikely for a direct strike on a sea turtle or marine mammal from
aberrant ordnance at FDM.
Pursuant to the ESA, the use military expended materials during training activities as described in the No
Action Alternative, Alternative 1, and Alternative 2 may affect, but is not likely to adversely affect, green,
hawksbill, loggerhead, olive ridley, or leatherback sea turtles.
Testing Activities

As indicated in Tables 2.8-2 through 2.8-4, there are no activities which would generate military
expended materials in the MITT Study Area under the No Action Alternative.
Under Alternative 1 and 2, activities that could generate military expended materials would increase,
and could take place throughout the Study Area. Similar to those for training activities, consequences of
strikes or disturbances could include injury or mortality, particularly within the footprint of the object.
Table 3.5-11 presents the strike probabilities for each species of sea turtles. The probabilities of a strike
in the open ocean portion of the MITT Study Area, where the majority of materials are expended, is less
than 0.00001 percent for all species of sea turtles.
Under Alternative 1 and Alternative 2, exposures to military expended materials used in testing activities
may cause short-term disturbance to an individual turtle, or if struck, it could lead to injury or death.
Potential impacts of exposure to military expended materials may result in changes to an individual’s
behavior, growth, survival, annual reproductive success, lifetime reproductive success (fitness), or
species recruitment. The fitness of individual organisms could be impacted directly or indirectly, but not
to the extent that the viability of populations or species would be impacted, primarily because the
possibility of strike is so low.
Pursuant to the ESA, the use military expended materials during testing activities as described in the No
Action Alternative, Alternative 1, and Alternative 2 may affect, but is not likely to adversely affect, green,
hawksbill, loggerhead, olive ridley, or leatherback sea turtles.
3.5.3.3.4

Impacts from Seafloor Devices

For a discussion of the types of activities that use seafloor devices, where they are used, and how many
activities would occur under each alternative, see Section 3.0.5.2.3.5 (Seafloor Devices). These include
items that are placed on, dropped on, or moved along the seafloor such as mine shapes, anchor blocks,
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anchors, bottom-placed instruments, bottom-crawling unmanned undersea vehicles, and bottom-placed
targets that are recovered (not expended). As discussed in Section 3.5.3.3.3 (Impacts from Military
Expended Materials), objects falling through the water column will slow in velocity as they sink toward
the bottom and could be avoided by most sea turtles.
3.5.3.3.4.1 No Action Alternative
Training Activities

Table 3.0-21 lists the number and location where seafloor devices are used. Any of the sea turtle species
found in the MITT Study Area can occur at or near the surface in open-ocean and coastal areas, whether
feeding or periodically surfacing to breathe. These species are distributed widely in all offshore portions
of the Study Area.
Under the No Action Alternative, exposure to seafloor devices used in training activities may cause
short-term disturbance to an individual turtle because if a sea turtle were struck, it could lead to injury
or death. However, objects falling through the water column will slow in velocity as they sink toward the
bottom and could be avoided by most sea turtles. Further, the potential for a sea turtle to be close to a
seafloor device, and therefore be exposed, is very low, though if foraging along the bottom, exposure to
a seafloor device could occur. However, the slow speed of these devices would minimize the potential
impact from exposure. Exposure to seafloor devices is not expected to change an individual’s behavior,
growth, survival, annual reproductive success, or lifetime reproductive success (fitness). Exposure to
seafloor devices is not expected to result in population-level impacts.
Pursuant to the ESA, the use of seafloor devices during training activities as described under the No
Action Alternative may affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive
ridley, or leatherback sea turtle.
Testing Activities

Table 3.0-21 lists the number and location where seafloor devices are used. Any of the sea turtle species
found in the MITT Study Area can occur at or near the surface in open-ocean and coastal areas, whether
feeding or periodically surfacing to breathe. These species are distributed widely in all offshore portions
of the Study Area.
Under the No Action Alternative, exposure to seafloor devices used in testing activities may cause
short-term disturbance to an individual turtle, or if a sea turtle were struck, it could lead to injury or
death. However, objects falling through the water column will slow in velocity as they sink toward the
bottom and could be avoided by most sea turtles. Furthermore, the potential for a sea turtle to be close
to a seafloor device, and therefore to be exposed, is very low, though if foraging along the bottom,
exposure to a seafloor device could occur. However, the slow speed of these devices would minimize
the potential impact from exposure. Exposure to seafloor devices is not expected to change an
individual’s behavior, growth, survival, annual reproductive success, or lifetime reproductive success
(fitness). Exposure to seafloor devices is not expected to result in population-level impacts.
Pursuant to the ESA, the use of seafloor devices during testing activities as described under the No Action
Alternative may affect, but is not likely to adversely affect, green, hawksbill, leatherback, loggerhead, or
olive ridley sea turtles.
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3.5.3.3.4.2 Alternative 1
Training Activities

Table 3.0-21 lists the number and location where seafloor devices are used. Any of the sea turtle species
found in the MITT Study Area can occur at or near the surface in open-ocean and coastal areas, whether
feeding or periodically surfacing to breathe. These species are distributed widely in all offshore portions
of the Study Area.
Under Alternative 1, exposure to seafloor devices used in training activities may cause short-term
disturbance to an individual turtle because if a sea turtle were struck, it could lead to injury or death.
However, objects falling through the water column will slow in velocity as they sink toward the bottom
and could be avoided by most sea turtles. Furthermore, the potential for a sea turtle to be close to a
seafloor device, and therefore to be exposed, is very low, because of the relative position of sea turtles
within the water column and the wide distribution of habitats. Exposure to seafloor devices is not
expected to change an individual’s behavior, growth, survival, annual reproductive success, or lifetime
reproductive success (fitness). Exposure to seafloor devices is not expected to result in population-level
impacts.
Pursuant to the ESA, the use of seafloor devices during training activities as described under Alternative 1
may affect, but is not likely to adversely affect, green, hawksbill, leatherback, loggerhead, or olive ridley
sea turtles.
Testing Activities

The number and location of testing activities under Alternative 1 increases when compared to No Action
Alternative (Table 3.0-21). Under Alternative 1, exposure to seafloor devices used in testing activities
may cause short-term disturbance to an individual turtle, or if a sea turtle were struck, it could lead to
injury or death. However, objects falling through the water column will slow in velocity as they sink
toward the bottom and could be avoided by most sea turtles. Furthermore, the potential for a sea turtle
to be close to a seafloor device, and therefore to be exposed, is very low, because of the relative
position of sea turtles within the water column and the wide distribution of habitats. Exposure to
seafloor devices is not expected to change an individual’s behavior, growth, survival, annual
reproductive success, or lifetime reproductive success (fitness). Exposure to seafloor devices is not
expected to result in population-level impacts.
Pursuant to the ESA, the use of seafloor devices during testing activities as described under Alternative 1
may affect, but is not likely to adversely affect, green, hawksbill, leatherback, loggerhead, or olive ridley
sea turtles.
3.5.3.3.4.3

Alternative 2

Training Activities

The number and location of training activities under Alternative 2 are identical to those of the training
activities under Alternative 1. Therefore, impacts and comparisons to the No Action Alternative would
also be identical, as described in Section 3.5.3.3.4.2 (Alternative 1).
Pursuant to the ESA, the use of seafloor devices during training activities as described under Alternative 2
may affect, but is not likely to adversely affect, green, hawksbill, leatherback, loggerhead, or olive ridley
sea turtles.
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Testing Activities

Table 3.0-21 lists the number and location where seafloor devices are used. The number and location of
testing activities under Alternative 2 increases slightly (from 64 to 68 events) to those of the testing
activities under the Alternative 1. Although the number of events utilizing seafloor devices increases, the
potential for a sea turtle to be close to a seafloor device, and therefore to be exposed, remains very low,
because of the relative position of sea turtles within the water column and the wide distribution of
habitats. Exposure to seafloor devices is not expected to change an individual’s behavior, growth,
survival, annual reproductive success, or lifetime reproductive success (fitness). Exposure to seafloor
devices is not expected to result in population-level impacts.
Pursuant to the ESA, the use of seafloor devices during testing activities as described under Alternative 2
may affect, but is not likely to adversely affect, green, hawksbill, leatherback, loggerhead, or olive ridley
sea turtles.
3.5.3.4

Entanglement Stressors

This section analyzes the potential entanglement impacts of the various types of expended materials
used by the Navy during training and testing activities within the Study Area. This analysis includes the
potential impacts from two types of military expended materials, including: (1) fiber optic cables and
guidance wires, and (2) decelerators/parachutes. Aspects of entanglement stressors that are applicable
to marine organisms in general are presented in Appendix H (Biological Resource Methods).
3.5.3.4.1

Impacts from Fiber Optic Cables and Guidance Wires

Fiber optic cables and guidance wires are used in several different training and testing activities. For a
list of Navy activities that involve the use of fiber optic cables and wires, refer to Section 3.0.5.2.4.1
(Fiber Optic Cables and Guidance Wires). A sea turtle that becomes entangled in nets, lines, ropes, or
other foreign objects under water may suffer only a temporary hindrance to movement before it frees
itself. The turtle may suffer minor injuries but recover fully, or it may die as a result of the
entanglement. Due to the physical characteristics of guidance wires and fiber optic cables detailed in
Section 3.0.5.2.4 (Entanglement Stressors), these items pose a potential, although unlikely,
entanglement risk to sea turtles.
The likelihood of a sea turtle encountering and becoming entangled in a fiber optic cable or guidance
wire depends on several factors. The length of time that the fiber optic cable or guidance wire is near a
sea turtle can affect the likelihood of it posing an entanglement risk. Because these items would only be
in the water column during the activity and while it sinks, the likelihood of a sea turtle encountering a
fiber optic cable in the water column and becoming entangled is extremely low. Guidance wires sink to
the sea floor at a rate of 0.7 ft. (0.2 m) per second; therefore, it is most likely that a sea turtle would
encounter a guidance wire once it had settled to the sea floor. The length of the cable or wire may
influence the potential for a sea turtle to encounter or become entangled in these items. The lengths of
fiber optic cables and guidance wires vary. Fiber optic cables can range in size up to about 900 ft.
(300 m). Greater lengths of these items may increase the likelihood that a sea turtle could become
entangled. The behavior and feeding strategy of a species can also determine whether they may
encounter items on the seafloor, where fiber optic cables and guidance wires will most likely be
available. There is a potential for those species that feed on the seafloor to encounter these items and
become entangled; however, the relatively few fiber optic cables and guidance wires being expended
within the MITT Study Area limits the potential for encounters. Lastly, the properties of the items
themselves may limit the risk of entanglement. The physical characteristics of guidance wires and fiber
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optic cables are detailed in Section 3.0.5.2.4 (Entanglement Stressors). This analysis indicates that these
items pose a potential, although unlikely, entanglement risk to sea turtles. For instance, the physical
characteristics of the fiber optic material render the cable brittle and easily broken when kinked,
twisted, or bent sharply (i.e., to a radius greater than 360 degrees). Thus, the fiber optic cable would not
loop, greatly reducing or eliminating any potential issues of entanglement with regard to marine life. In
addition, based on degradation times, the guidance wires would break down within 1–2 years and
therefore no longer pose an entanglement risk.
The Navy 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). Except for a
chance encounter with the guidance wire at the surface or in the water column while the cable or wire is
sinking to the seafloor, a sea turtle would be vulnerable to entanglement only if its diving and feeding
patterns place it in direct contact with the bottom. Bottom-feeding sea turtles tend to forage in
nearshore areas, and these wires are expended in deeper waters.
3.5.3.4.1.1 No Action Alternative
Training Activities

As indicated in Chapter 2 (Description of Proposed Action and Alternatives), under the No Action
Alternative, there are no Airborne mine neutralization activities (with explosive neutralizers) that
expend fiber optic cables (Table 3.0-23) and 40 guidance wires expended from torpedoes (Table 3.0-24).
Torpedoes expending guidance wire would occur in throughout the MITT Study Area during tracking
exercises, all greater than 3 nm from the shore, where depths are greater than the diving abilities of sea
turtles.
Any species of sea turtle that occurs in the MITT Study Area could at some point in time encounter
expended cables or wires. The sink rates of fiber optic cables and guidance wires would rule out the
possibility of them drifting great distances into nearshore and coastal areas where green, hawksbill,
olive ridley, and loggerhead 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 on jellyfish at or near the surface.
Under the No Action Alternative, exposure to fiber optic cables and guidance 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 fiber optic cable or guidance wire, it could free itself or it could lead to
injury or death. Potential impacts of exposure to fiber optic cable or guidance wire may result in changes
to an individual’s behavior, growth, survival, annual reproductive success, lifetime reproductive success
(fitness), or species recruitment. However, cables and wires are generally not expected to cause
disturbance to sea turtles because: (1) the number of fiber optic cables and guidance wires expended is
relatively low, decreasing the likelihood of encounter; (2) the physical characteristics of the fiber optic
cables and guidance wires; and (3) the behavior of the species, as sea turtles are unlikely to become
entangled in an object that is resting on the seafloor. Potential impacts of exposure to fiber optic cables
and guidance wires are not expected to result in population-level impacts.
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Pursuant to the ESA, the use of fiber optic cables and guidance wires during training activities as
proposed under the No Action Alternative may affect, but is not likely to adversely affect green,
hawksbill, loggerhead, olive ridley, or leatherback sea turtles.
Testing Activities

Under the No Action Alternative, no testing activities that could generate entanglement stressors are
conducted in the Study Area.
3.5.3.4.1.2 Alternative 1
Training Activities

As indicated in Table 2.8-1 and Table 3.0-24, under Alternative 1, the number of torpedo activities that
expended guidance wire is the same as the No Action Alternative. The torpedo activities using guidance
wire under Alternative 1 would occur in the same geographic locations as the No Action Alternative.
There would also be four fiber optic cables expended under Alternative 1 (Table 3.0-23).
Any species of sea turtle that occurs in the MITT Study Area could at some point in time encounter
expended fiber optic cables or guidance wires. The sink rates of fiber optic cables and guidance wires
would rule out the possibility of them drifting great distances into nearshore and coastal areas where
green, hawksbill, olive ridley, and loggerhead 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 on jellyfish at or near the surface.
In comparison to the No Action Alternative, the increase in activities presented in Alternative 1 may
increase the risk of sea turtles being exposed to fiber optic cables and guidance wires. However, the
expected impact on any exposed sea turtle remains the same. For the same reasons as stated in Section
3.5.3.4.1.1 (No Action Alternative), the use of fiber optic cables and guidance wires 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 fiber optic cable or guidance wire, it could free itself or it could lead to injury or
death. Potential impacts of exposure to fiber optic cable or guidance wire may result in changes to an
individual’s behavior, growth, survival, annual reproductive success, lifetime reproductive success
(fitness), or species recruitment. Potential impacts of exposure to fiber optic cables and guidance wires
are not expected to result in population-level impacts.
Pursuant to the ESA, the use of fiber optic cables and guidance wires during training activities as
proposed under Alternative 1 may affect, but is not likely to adversely affect, green, hawksbill,
loggerhead, olive ridley, or leatherback sea turtles.
Testing Activities

As indicated in Tables 2.8-2 through 2.8-4 and Table 3.0-24, under Alternative 1, the number of torpedo
activities that expended guidance wire increases from that of the No Action Alternative from 0 to 20.
Under Alternative 1, MCM mission package testing (Table 3.0-23) expends up to 48 fiber optic cables.
Any species of sea turtle that occurs in the MITT Study Area could at some point in time encounter
expended fiber optic cables or guidance wires. The sink rates of fiber optic cables and guidance wires
would rule out the possibility of them drifting great distances into nearshore and coastal areas where
green, hawksbill, olive ridley, and loggerhead 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 on jellyfish at or near the surface.
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Exposure to fiber optic cables and guidance wires used in testing activities may cause short-term or
long-term disturbance to an individual turtle because if a sea turtle were to become entangled in a fiber
optic cables and guidance wire, it could free itself or it could become injured or die. Potential impacts of
exposure to fiber optic cables and guidance wire may result in changes to an individual’s behavior,
growth, survival, annual reproductive success, lifetime reproductive success (fitness), or species
recruitment. However, fiber optic cables and guidance wires are generally not expected to cause
disturbance to sea turtles because: (1) the number of fiber optic cables and guidance wires expended is
relatively low, decreasing the likelihood of encounter; (2) the physical characteristics of the fiber optic
cables and guidance wires; and (3) the behavior of the species, as sea turtles are unlikely to become
entangled in an object that is resting on the seafloor. Potential impacts of exposure to fiber optic cables
and guidance wires are not expected to result in population-level impacts.
Pursuant to the ESA, the use of fiber optic cables and guidance wires during testing activities as proposed
under Alternative 1 may affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive
ridley, or leatherback sea turtles.
3.5.3.4.1.3 Alternative 2
Training Activities

Activities proposed under Alternative 2 are the same as those proposed under Alternative 1. Therefore,
the impact conclusion for Alternative 2 training activities is the same as for Alternative 1.
The entanglement of sea turtles by fiber optic cables or guidance wires is considered to be highly
unlikely. If a sea turtle became entangled in a cable, however, the sea turtle would suffer a temporary or
permanent impairment of normal activities. Impairment of some activities (e.g., foraging) could
indirectly result in mortality while impairment of other activities (e.g., migration) could affect
reproduction.
Pursuant to the ESA, the use of fiber optic cables and guidance wires during training activities as
proposed under Alternative 2 may affect, but is not likely to adversely affect, green, hawksbill,
loggerhead, olive ridley, or leatherback sea turtles.
Testing Activities

As indicated in Table 2.8-2 through 2.8-4 and Table 3.0-24, under Alternative 1, the number of torpedo
activities that expended guidance wire increases from that of the No Action Alternative from 0 to 20.
Under Alternative 2, MCM mission package testing (Table 3.0-23) expends up to 56 fiber optic cables.
Any species of sea turtle that occurs in the MITT Study Area could at some point in time encounter
expended by fiber optic cables or guidance wires. The sink rates of guidance wires would rule out the
possibility of them drifting great distances into nearshore and coastal areas where green, hawksbill,
olive ridley, and loggerhead 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 on jellyfish at or near the surface.
The entanglement of sea turtles by fiber optic cables or guidance wires is considered to be highly
unlikely. If a sea turtle became entangled in a by fiber optic cables or guidance wire however, the sea
turtle would suffer a temporary or permanent impairment of normal activities. Impairment of some
activities (e.g., foraging) could indirectly result in mortality while impairment of other activities (e.g.,
migration) could affect reproduction.
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Pursuant to the ESA, the use of fiber optic cables and guidance wires during testing activities as proposed
under Alternative 2 may affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive
ridley, or leatherback sea turtles.
3.5.3.4.2

Impacts from Decelerators/Parachutes

Sonobuoys, lightweight torpedoes, targets, and other devices deployed by aircraft into the water use
nylon decelerators/parachutes of various sizes. For example, a typical sonobuoy decelerator/parachute
is about 18 in. (0.46 m) in diameter, with nylon suspension lines about 2 ft. (0.61 m) long. These
decelerators/parachutes are not typically recovered after the activity (Appendix A, Training and Testing
Activities Descriptions). Once a sonobuoy hits the water surface, its decelerator/parachute is designed
to produce drag at the surface for 5 to 15 seconds, allowing for deployment of the sonobuoy, then the
decelerator/parachute separates and sinks. The decelerator/parachute assembly contains metallic
components, and could be at the surface for a short period before sinking to the seafloor. 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. 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. Decelerators/parachutes or decelerator/parachute
lines may be a risk for sea turtles to become entangled, particularly while 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.
While in the water column, 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. 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 sea turtles
that feed in benthic habitats (e.g., loggerhead 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. Further, the
deposition of a decelerator/parachute on the seafloor would occur in water depths that are greater than
the diving abilities (and hence foraging abilities) of sea turtles. 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.
3.5.3.4.2.1 No Action Alternative
Training Activities

Under the No Action Alternative, activities that involve air-dropped sonobuoys, torpedoes, or targets
(and therefore the expending of unrecoverable decelerators/parachutes) include tracking and torpedo
exercises involving helicopter platforms and fixed-wing aircraft. Under the No Action Alternative,
approximately 8,032 decelerators/parachutes are expended during training activities (see Table 3.0-25).
Decelerators/parachutes associated with training activities would be expended in the following locations
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in areas greater than 3 nm from shore throughout the Study Area. Activities that expend sonobuoys and
air-launched torpedo decelerators/parachutes generally occur in water deeper than 183 m (600 ft.).
These exercises are widely dispersed in open ocean habitats, however, where sea turtles are lower in
abundance than in nearshore habitats. Furthermore, entanglement of a sea turtle in a
decelerator/parachute assembly is unlikely because the decelerator/parachute would have to land
directly on a sea turtle, or a sea turtle would have to swim into it before it settles to the ocean floor, or
the sea turtle would have to encounter the decelerator/parachute on the ocean floor. The potential for
sea turtles to encounter an expended decelerator/parachute assembly is extremely low, given the
generally low probability of a sea turtle being at the exact point where the decelerator/parachute lands,
and the negative buoyancy of decelerator/parachute constituents (reducing the probability of contact
with sea turtles near the surface). If bottom currents are present, the canopy could billow and pose an
entanglement threat to bottom-feeding sea turtles. However, the probability of a sea turtle
encountering a decelerator/parachute assembly on the sea floor and the potential for accidental
entanglement in the canopy or suspension lines are both considered low.
The entanglement of sea turtles in decelerator/parachute assemblies is considered to be highly unlikely.
If a sea turtle became entangled in a decelerator/parachute assembly, however, the sea turtle may
suffer a temporary or permanent impairment of normal activities. Impairment of some activities (e.g.,
foraging) may indirectly result in mortality while impairment of other activities (e.g., migration) may
impair reproduction.
Pursuant to the ESA, the use of decelerators/parachutes during training activities as proposed under the
No Action Alternative may affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive
ridley, or leatherback sea turtles.
Testing Activities

Under the No Action Alternative, no activities that would create entanglement hazards from
decelerators/parachutes are conducted in the Study Area.
3.5.3.4.2.2 Alternative 1
Training Activities

Under Alternative 1, approximately 10,845 decelerators/parachutes would be expended during training
activities, an increase from the number expended under the No Action Alternative (see Table 3.0-25).
Decelerators/parachutes associated with these sonobuoys would be expended in the following locations
in areas greater than 3 nm from shore throughout the Study Area. Similar to the No Action Alternative,
activities that expend sonobuoys and air-launched torpedo decelerators/parachutes generally occur in
water deeper than 183 m (600 ft.). Because they are in the air and water column for a time span of
minutes it is improbable that such a decelerator/parachute deployed over water deeper than 183 m
(600.4 ft.) could travel far enough to affect shallow-water areas.
The net increase in exercises that would expend decelerators/parachutes would increase the risk of
entangling sea turtles. These exercises are widely dispersed in open ocean habitats, however, where sea
turtles are lower in abundance than in nearshore habitats. Furthermore, entanglement of a sea turtle in
a decelerator/parachute assembly is unlikely because the decelerator/parachute would have to land
directly on a sea turtle, or a sea turtle would have to swim into it before it settles to the ocean floor, or
the sea turtle would have to encounter the decelerator/parachute on the ocean floor. The potential for
sea turtles to encounter an expended decelerator/parachute assembly is extremely low, given the
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generally low probability of a sea turtle being at the exact point where the decelerator/parachute lands
(anywhere within the approximately 500,000 square nautical miles [nm2] of the MITT Study Area), and
the negative buoyancy of decelerator/parachute constituents (reducing the probability of contact with
sea turtles near the surface). The potential for sea turtles to encounter an expended
decelerator/parachute assembly is extremely low, given the generally low probability of a sea turtle
being at the exact point where the decelerator/parachute lands, and the negative buoyancy of
decelerator/parachute constituents (reducing the probability of contact with sea turtles near the
surface). If bottom currents are present, the canopy could billow and pose an entanglement threat to
bottom-feeding sea turtles. However, the probability of a sea turtle encountering a
decelerator/parachute assembly on the sea floor and the potential for accidental entanglement in the
canopy or suspension lines are both considered low.
The entanglement of sea turtles in decelerator/parachute assemblies is considered to be highly unlikely.
If a sea turtle became entangled in a decelerator/parachute assembly, however, the sea turtle would
suffer a temporary or permanent impairment of normal activities. Impairment of some activities (e.g.,
foraging) could indirectly result in mortality while impairment of other activities (e.g., migration) could
impair reproduction.
Pursuant to the ESA, the use of decelerators/parachutes during training activities as proposed under
Alternative 1 may affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive ridley, or
leatherback sea turtles.
Testing Activities

Under Alternative 1, approximately 1,727 decelerators/parachutes would be expended during testing
activities, an increase from the number expended under the No Action Alternative (see Table 3.0-25).
These decelerators/parachutes would be expended in areas greater than 3 nm from shore throughout
the Study Area. Similar to the training activities, activities that expend sonobuoys and air-launched
torpedo decelerators/parachutes generally occur in water deeper than 183 m (600.4 ft.). Because they
are in the air and water column for a time span of minutes it is improbable that such a
decelerator/parachute deployed over water deeper than 183 m (600.4 ft.) could travel far enough to
affect shallow-water areas.
The net increase in exercises that would expend decelerators/parachutes would increase the risk of
entangling sea turtles. These exercises are widely dispersed in open ocean habitats, however, where sea
turtles are lower in abundance than in nearshore habitats. Furthermore, entanglement of a sea turtle in
a decelerator/parachute assembly is unlikely because the decelerator/parachute would have to land
directly on a sea turtle, or a sea turtle would have to swim into it before it settles to the ocean floor, or
the sea turtle would have to encounter the decelerator/parachute on the ocean floor. The potential for
sea turtles to encounter an expended decelerator/parachute assembly is extremely low, given the
generally low probability of a sea turtle being at the exact point where the decelerator/parachute lands
(anywhere within the approximately 500,000 nm2 of the MITT Study Area), and the negative buoyancy
of decelerator/parachute constituents (reducing the probability of contact with sea turtles near the
surface). The potential for sea turtles to encounter an expended decelerator/parachute assembly is
extremely low, given the generally low probability of a sea turtle being at the exact point where the
decelerator/parachute lands, and the negative buoyancy of decelerator/parachute constituents
(reducing the probability of contact with sea turtles near the surface). If bottom currents are present,
the canopy could billow and pose an entanglement threat to bottom-feeding sea turtles. However, the
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probability of a sea turtle encountering a decelerator/parachute assembly on the sea floor and the
potential for accidental entanglement in the canopy or suspension lines are both considered low.
The entanglement of sea turtles in decelerator/parachute assemblies is considered to be highly unlikely.
If a sea turtle became entangled in a decelerator/parachute assembly, however, the sea turtle could
suffer a temporary or permanent impairment of normal activities. Impairment of some activities (e.g.,
foraging) could indirectly result in mortality while impairment of other activities (e.g., migration) could
impair reproduction.
Pursuant to the ESA, the use of decelerators/parachutes during testing activities as proposed under
Alternative 1 may affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive ridley, or
leatherback sea turtles.
3.5.3.4.2.3 Alternative 2
Training Activities

Alternative 2 training activities would use the same number of decelerators/parachutes as are proposed
under Alternative 1; therefore, the conclusions for decelerator/parachute use under Alternative 2 are
the same as under Alternative 1.
Pursuant to the ESA, the use of decelerators/parachutes during training activities as proposed under
Alternative 2 may affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive ridley, or
leatherback sea turtles.
Testing Activities

Under Alternative 2, approximately 1,912 decelerators/parachutes would be expended during testing
activities, an increase from the number expended under the No Action Alternative (see Table 3.0-25).
These decelerators/parachutes would be expended in areas greater than 3 nm from shore throughout
the Study Area. Similar to the Alternative 1 activities, activities that expend sonobuoys and air-launched
torpedo decelerators/parachutes generally occur in water deeper than 183 m (600.4 ft.). Because they
are in the air and water column for a time span of minutes it is improbable that such a
decelerator/parachute deployed greater than 3 nm from shore could travel far enough to affect
shallow-water areas.
The net increase in exercises that would expend decelerators/parachutes would increase the risk of
entangling sea turtles. These exercises are widely dispersed in open ocean habitats, however, where sea
turtles are lower in abundance than in nearshore habitats. Furthermore, entanglement of a sea turtle in
a decelerator/parachute assembly is unlikely because the decelerator/parachute would have to land
directly on a sea turtle, or a sea turtle would have to swim into it before it settles to the ocean floor, or
the sea turtle would have to encounter the decelerator/parachute on the ocean floor. The potential for
sea turtles to encounter an expended decelerator/parachute assembly is extremely low, given the
generally low probability of a sea turtle being at the exact point where the decelerator/parachute lands
(anywhere within the approximately 500,000 nm2 of the MITT Study Area), and the negative buoyancy
of decelerator/parachute constituents (reducing the probability of contact with sea turtles near the
surface). If bottom currents are present, the canopy could billow and pose an entanglement threat to
bottom-feeding sea turtles. However, the probability of a sea turtle encountering a
decelerator/parachute assembly on the sea floor and the potential for accidental entanglement in the
canopy or suspension lines are both considered low.
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The entanglement of sea turtles in decelerator/parachute assemblies is considered to be highly unlikely.
If a sea turtle became entangled in a decelerator/parachute assembly, however, the sea turtle could
suffer a temporary or permanent impairment of normal activities. Impairment of some activities (e.g.,
foraging) could indirectly result in mortality while impairment of other activities (e.g., migration) could
impair reproduction.
Pursuant to the ESA, the use of decelerators/parachutes during testing activities as proposed under
Alternative 2 may affect, but is not likely to adversely affect, green, hawksbill, loggerhead, olive ridley, or
leatherback sea turtles.
3.5.3.5

Ingestion Stressors

This section analyzes the potential ingestion impacts of the various types of expended materials used by
the Navy during training and testing activities within the Study Area. This analysis includes two
categories of military expended materials: (1) munitions (both non-explosive practice munitions and
fragments from high-explosive munitions), which are expected to sink to the seafloor; and (2) military
expended materials other than munitions (including fragments from targets, chaff, flares, and
parachutes), which may remain at the surface or in the water column for some time prior to sinking.
Ingestion of expended materials by sea turtles could occur in all nearshore 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. Floating material could be eaten by turtles
such as leatherbacks that feed at or near the water surface, while materials that sink to the seafloor
pose a risk to bottom-feeding turtles such as loggerheads. Schuyler et al. (2012) observed that carapace
length was inversely correlated with the probability of ingesting debris in green and hawksbill sea
turtles; 54.5 percent of pelagic sized turtles had ingested debris, whereas only 25 percent of benthic
feeding turtles were found with debris in their gastrointestinal system. Benthic phase turtles had a
strong selectivity for soft, clear plastic, lending support to the hypothesis that sea turtles ingest debris
because it resembles natural prey items such as jellyfish. Pelagic turtles were much less selective in their
feeding, though they showed a trend towards selectivity for rubber items such as balloons. Most
ingested items were plastic and were positively buoyant.
Leatherbacks feed primarily on jellyfish throughout the water column, and may mistake floating debris
for prey. Items found in a sample of leatherbacks that had ingested plastic included plastic bags, fishing
line, twine, Mylar balloon fragments, and a plastic spoon (Mrosovsky et al. 2009). Kemp’s ridleys,
loggerheads, and green sea turtles in coastal Florida were found to ingest bits of plastic, tar, rubber, and
aluminum foil (Bjorndal et al. 1994). Oceanic-stage loggerhead turtles in the North Atlantic Ocean were
found to ingest “small pieces of hard plastic,” corks, and white Styrofoam pieces (Frick et al. 2009).
Juvenile loggerheads in the Mediterranean ingested plastic most frequently, followed by tar, Styrofoam,
wood, feathers, lines, and net fragments (Tomas et al. 2002). Similar trends in types of items ingested
were observed in Kemp’s ridley, loggerhead, and green sea turtles off the Texas coast (Stanley et al.
1988). Conditions for marine pollution in the Pacific are similar to conditions in the Atlantic,
Mediterranean, and the Gulf of Mexico; therefore, sea turtle ingestion rates of non-prey items in the
Pacific is expected to be similar to other sea turtle habitats. The variety of items ingested by turtles
suggests that feeding is nondiscriminatory, and they are prone to ingesting nonprey items. Ingestion of
these items may not be directly lethal; however, ingestion of plastic and other fragments can restrict
food intake and have sub-lethal impacts by reducing nutrient intake (McCauley and Bjorndal 1999). Poor
nutrient uptake can lead to decreased growth rates, depleted energy, reduced reproduction, and
decreased survivorship. These long-term sublethal effects may lead to population level impacts, but this
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is difficult to assess because the affected individuals remain at sea and the trends may only arise after
several generations have passed.
Because bottom-feeding occurs in nearshore areas, materials that sink to the seafloor in the open ocean
are less likely to be ingested due to their location, as depth in areas where ordnance is fired ranges from
approximately 20 to 200 m (65.6 to 656.2 ft.) in areas far offshore. The consequences of ingestion could
range from temporary and inconsequential to long-term physical stress, or even death.
3.5.3.5.1

Impacts from 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 sea turtle to ingest. Small and
medium caliber projectiles include all sizes up to and including 2.25 in. (5.7 cm) 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 ordnance
sinks quickly. Instead, they are most likely to be encountered by species that forage on the bottom. The
types, numbers, and locations of activities using these devices under each alternative are discussed in
Sections 3.0.5.2.5.1 (Non-Explosive Practice Munitions) and 3.0.5.2.5.2 (Fragments from Explosive
Munitions). Because green, loggerhead, olive ridley, and hawksbill turtles feed along the seafloor, they
are more likely to encounter munitions of ingestible size that settle on the bottom than leatherbacks
that primarily feed at the surface. Furthermore, these four species typically use nearshore feeding areas,
while leatherbacks are more likely to feed in the open ocean. Given the very low probability of a
leatherback encountering and ingesting materials on the seafloor, this analysis will focus on green,
loggerhead, olive ridley, and hawksbill turtles and ingestible materials expended nearshore, within range
complexes and testing ranges.
3.5.3.5.1.1 No Action Alternative
Training Activities

The number and footprint of small- and medium-caliber projectiles (the only ingestible sizes) are
detailed in Table 2.8-1. Any bottom-feeding sea turtle may occur in these range complexes. The number
and footprint of high-explosive ordnance and munitions are detailed in Table 2.8-1; however, the
fragment size cannot be quantified. The areas with the greatest amount of high-explosive ordnance and
munitions would occur in open ocean portions the Study Area.
Sublethal effects due to ingestion of 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 projectile or solid metal high-explosive fragment, 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 projectile 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 impacts of
exposure to munitions may result in changes to an individual’s behavior, growth, survival, annual
reproductive success, lifetime reproductive success (fitness), or species recruitment. However,
munitions used in training activities are generally not expected to cause disturbance to sea turtles
because: (1) sea turtles are not expected to encounter most small- and medium-caliber projectiles or
high-explosive fragments on the seafloor because of the depth at which these would be expended; and
(2) in some cases a turtle would likely pass the projectile through their digestive tract and expel the item
without impacting the individual. Potential impacts of exposure to munitions are not expected to result
in population-level impacts.
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Pursuant to the ESA, the use of munitions of ingestible size during training activities under the No Action
Alternative would have no affect leatherback sea turtles. The use of munitions of ingestible size may
affect, but is not likely to adversely affect green, hawksbill, loggerhead, and olive ridley sea turtles.
Testing Activities

Under the No Action Alternative, no activities utilizing small- or medium-caliber projectiles or high
explosive ordnance are conducted in the Study Area.
3.5.3.5.1.2 Alternative 1
Training Activities

Under Alternative 1, the amount of small- and medium-caliber projectiles approximately doubles that of
the No Action Alternative, from 86,500 to 171,640 projectiles (see Table 3.0-18). The number of
activities that use high-explosive ordnance and munitions increases from 1,340 under the No Action
Alternative to 10,006 under Alternative 1 (Table 3.0-19). In comparison to the No Action Alternative, the
increase in training activities presented in Alternative 1 increases the risk of sea turtles being exposed to
munitions; however, the expected impact on any exposed sea turtle remains the same. Sub-lethal
effects due to ingestion of munitions used in training activities may cause short-term or long-term
disturbance to an individual turtle. Potential impacts of exposure to munitions are not expected to
result in population-level impacts.
Pursuant to the ESA, the use of munitions of ingestible size during training activities under Alternative 1
would have not affect on leatherback sea turtles. The use of munitions of ingestible size may affect, but
is not likely to adversely affect green, hawksbill, loggerhead, and olive ridley sea turtles.
Testing Activities

The number of small- and medium-caliber projectiles (the only ingestible sizes) and explosives are
detailed in Tables 3.0-18 and 3.0-19. Any bottom-feeding turtle may occur in the area where these are
used, but green, olive ridley, and loggerhead turtles are most likely.
Sublethal effects due to ingestion of munitions used in testing 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 projectile or solid metal high-explosive fragment, 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 impacts of exposure to
munitions may result in changes to an individual’s behavior, growth, survival, annual reproductive
success, lifetime reproductive success (fitness), or species recruitment. However, munitions used in
testing activities are generally not expected to cause disturbance to sea turtles because: (1) sea turtles
are not expected to encounter most small- and medium-caliber projectiles or high-explosive fragments
on the seafloor because of the depth at which these would be expended; and (2) in some cases a turtle
would likely pass the projectile through their digestive tract and expel the item without impacting the
individual. Potential impacts of exposure to munitions are not expected to result in population-level
impacts.
Pursuant to the ESA, the use of munitions of ingestible size during testing activities under Alternative 1
would have no effect on leatherback sea turtles. The use of munitions of ingestible size may affect, but is
not likely to adversely affect green, hawksbill, loggerhead, and olive ridley sea turtles.
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3.5.3.5.1.3 Alternative 2
Training Activities

Under Alternative 2, the amount of small- and medium-caliber projectiles approximately doubles that of
the No Action Alternative, from 86,500 to 173,890 projectiles (Table 3.0-18). The number of activities
that use high-explosive ordnance and munitions increases from 1,340 under the No Action Alternative to
10,284 under Alternative 2 (Table 3.0-19). In comparison to the No Action Alternative, the increase in
training activities presented in Alternative 1 increases the risk of sea turtles being exposed to munitions;
however, the expected impact on any exposed sea turtle remains the same. Sub-lethal effects due to
ingestion of munitions used in training activities may cause short-term or long-term disturbance to an
individual turtle. Potential impacts of exposure to munitions are not expected to result in
population-level impacts.
Pursuant to the ESA, the use of munitions of ingestible size during training activities under Alternative 2
would have no effect on leatherback sea turtles. The use of munitions of ingestible size may affect, but is
not likely to adversely affect green, hawksbill, loggerhead, and olive ridley sea turtles.
Testing Activities

Under Alternative 2, the number of small- and medium-caliber projectiles (the only ingestible sizes) and
explosives are detailed in Tables 3.0-18 and 3.0-19. Any bottom-feeding turtle may occur in areas where
projectiles and explosives are used, but green, olive ridley, and loggerhead turtles are most likely.
Sublethal effects due to ingestion of munitions used in testing 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 projectile or solid metal high-explosive fragment, 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 impacts of exposure to
munitions may result in changes to an individual’s behavior, growth, survival, annual reproductive
success, lifetime reproductive success (fitness), or species recruitment. However, munitions used in
testing activities are generally not expected to cause disturbance to sea turtles because: (1) sea turtles
are not expected to encounter most small- and medium-caliber projectiles or high-explosive fragments
on the seafloor because of the depth at which these would be expended; and (2) in some cases, a turtle
would likely pass the projectile through their digestive tract and expel the item without impacting the
individual. Potential impacts of exposure to munitions are not expected to result in population-level
impacts.
Pursuant to the ESA, the use of munitions of ingestible size during testing activities under Alternative 2
would have no effect on leatherback sea turtles. The use of munitions of ingestible size may affect, but is
not likely to adversely affect green, hawksbill, loggerhead, and olive ridley sea turtles.
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Impacts from Military Expended Materials Other than Munitions

Fragments from targets, chaff, flare casings, and decelerators/parachutes are ingestion stressors
introduced during training and testing activities and are being analyzed for sea turtles. A discussion of
the types of these devices is presented in Sections 3.0.5.2.5.3 (Military Expended Materials Other than
Munitions).
Because leatherbacks are more likely to feed at or near the surface, they are more likely to encounter
materials at the surface than are 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. Given
the very low probability of nearshore, bottom-feeding species encountering and ingesting materials at
the surface, this analysis focuses on leatherback sea turtles and those materials expended in the open
ocean.
3.5.3.5.2.1 No Action Alternative
Training Activities

Under the No Action Alternative, some training activities use decelerators/parachutes of ingestible size.
Under the No Action Alternative, approximately 8,032 decelerators/parachutes would be expended in
locations greater than 3 nm from shore throughout the MITT Study Area (see Table 3.0-25). Activities
that expend sonobuoys and air-launched torpedo decelerators/parachutes generally occur in water
deeper than 183 m (600.4 ft.). Because the decelerators/parachutes sink, they are not expected to drift
into another portion of the Study Area. Because of the low number of sonobuoys expended in the open
ocean and the rapid sink rate of the decelerator/parachute, the likelihood of a leatherback encountering
and ingesting a decelerator/parachute is extremely low. Because of the water depth over which these
decelerators/parachutes are deployed, other sea turtle species are not likely to encounter a
decelerator/parachute after it sinks through the water column.
Under the No Action Alternative, approximately 5,836 chaff cartridges would be expended by ships and
aircraft during training activities (see Table 3.0-26). Although these 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. If ingested, chaff is not expected to impact 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 3.0.5.2.5.3 (Military Expended Materials Other
Than Munitions) on the effects of chaff have been conducted on sea turtles, they are also not likely to
be impacted by incidental ingestion of chaff fibers. For instance, some sea turtles ingest spicules (small
spines within the structure of a sponge) in the course of eating the sponges, without harm to their
digestive system. Since chaff fibers are of similar composition and size as these spicules (Spargo 1999),
ingestion of chaff should be inconsequential for sea turtles.
Sublethal effects due to ingestion of 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 projectile or solid metal high-explosive fragment, 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 projectile 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 impacts of
exposure to munitions may result in changes to an individual’s behavior, growth, survival, annual
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reproductive success, lifetime reproductive success (fitness), or species recruitment. However,
munitions used in training activities are generally not expected to cause disturbance to sea turtles
because: (1) sea turtles are not expected to encounter most small- and medium-caliber projectiles or
high-explosive fragments on the seafloor because of the depth at which these would be expended; and
(2) in some cases a turtle would likely pass the projectile through their digestive tract and expel the item
without impacting the individual. Potential impacts of exposure to munitions are not expected to result
in population-level impacts.
Pursuant to the ESA, the ingestion of military expended materials other than munitions during training
activities under the No Action Alternative would have no effect on leatherback sea turtles. The use of
materials of ingestible size may affect, but is not likely to adversely affect green, hawksbill, loggerhead,
and olive ridley sea turtles.
Testing Activities

Under the No Action Alternative, no activities that would create ingestion stressors are conducted in the
Study Area.
3.5.3.5.2.2 Alternative 1
Training Activities

Under Alternative 1, approximately 10,845 decelerators/parachutes would be expended during training
activities in areas greater than 3 nm from shore throughout the MITT Study Area (see Table 3.0-25). The
expended chaff would increase to approximately 25,840 canisters per year in areas greater than 3 nm
from shore within the MITT Study Area compared with the No Action Alternative of 5,830 (see
Table 3.0-26). The expended flares would increase to approximately 25,600 canisters per year in areas
greater than 3 nm from shore within the MITT Study Area (see Table 3.0-27).
All sea turtle species would have the potential to be exposed to decelerators/parachutes, chaff, or flares
in the Study Area, but given the very low probability of nearshore, bottom-feeding species encountering
and ingesting materials at the surface, leatherback sea turtles are more likely to be exposed.
In comparison to the No Action Alternative, the increase in training activities presented in Alternative 1
increases the risk of sea turtles being exposed to decelerators/parachutes, chaff, and flares; however,
the expected impact on any exposed sea turtle remains the same. For the same reasons stated for the
No Action Alternative, sub-lethal 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.
Pursuant to the ESA, the ingestion of military expended materials other than munitions during training
activities under Alternative 1 may affect, but is not likely to adversely affect, green, hawksbill,
loggerhead, olive ridley, or leatherback sea turtles.
Testing Activities

Under Alternative 1, some testing activities use decelerators/parachutes of ingestible size.
Approximately 1,727 decelerators/parachutes would be expended in locations greater than 3 nm from
shore throughout the MITT Study Area (see Table 3.0-25). Activities that expend sonobuoys and
air-launched torpedo decelerators/parachutes generally occur in water deeper than 183 m (600.4 ft.).
Because the decelerators/parachutes sink, they are not expected to drift into another portion of the
Study Area. Because of the low number of sonobuoys expended in the open ocean and the rapid sink
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rate of the decelerator/parachute, the likelihood of a leatherback encountering and ingesting a
decelerator/parachute is extremely low. Because of the water depth over which these
decelerators/parachutes are deployed, other sea turtle species are not likely to encounter a
decelerator/parachute after it sinks through the water column.
Pursuant to the ESA, the ingestion of military expended materials other than munitions during testing
activities under Alternative 1 may affect, but is not likely to adversely affect, green, hawksbill,
loggerhead, olive ridley, or leatherback sea turtles.
3.5.3.5.2.3 Alternative 2
Training Activities

The number and location of training activities under Alternative 2 are identical to training activities
under Alternative 1. Therefore, impacts and comparisons to the No Action Alternative will be identical,
and conclusions made for Alternative 1 are the same for Alternative 2.
Pursuant to the ESA, the ingestion of military expended materials other than munitions during training
activities under Alternative 2 may affect, but is not likely to adversely affect, green, hawksbill,
loggerhead, olive ridley, or leatherback sea turtles.
Testing Activities

Under Alternative 2, some testing activities use decelerators/parachutes of ingestible size.
Approximately 1,912 decelerators/parachutes would be expended in locations greater than 3 nm from
shore throughout the MITT Study Area (see Table 3.0-25). Activities that expend sonobuoys and
air-launched torpedo decelerators/parachutes generally occur in water deeper than 183 m (600.4 ft.).
Because the decelerators/parachutes sink, they are not expected to drift into another portion of the
Study Area. Because of the low number of sonobuoys expended in the open ocean and the rapid sink
rate of the decelerator/parachute, the likelihood of a leatherback encountering and ingesting a
decelerator/parachute is extremely low. Because of the water depth over which these
decelerators/parachutes are deployed, other sea turtle species are not likely to encounter a
decelerator/parachute after it sinks through the water column.
Pursuant to the ESA, the ingestion of military expended materials other than munitions during testing
activities under Alternative 2 may affect, but is not likely to adversely affect, green, hawksbill,
loggerhead, olive ridley, or leatherback sea turtles.
3.5.3.6

Secondary Stressors

This section analyzes potential impacts on sea turtles exposed to stressors indirectly through effects on
habitat and prey availability from impacts associated with sediments and water quality. For the
purposes of this analysis, secondary effects on sea turtles via sediment or water (not by trophic transfer,
e.g., bioaccumulation) are considered here. It is important to note that the terms “indirect” and
“secondary” do not imply reduced severity of environmental consequences, but instead describe how
the impact may occur to an organism.
Stressors from Navy training and testing activities could pose secondary or indirect impacts on turtles via
changes in habitat, sediment, or water quality. These include explosives and byproducts, metals,
chemicals, and impacts on habitat. Activities associated with these stressors are detailed in Tables 2.8-1
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to 2.8-4 and analyses of their potential impacts are discussed in Section 3.1 (Sediments and Water
Quality) and Section 3.3 (Marine Habitats).
3.5.3.6.1

Explosives

In addition to the potential to affect turtle and turtle habitat, underwater explosions could affect other
species in the food web, including prey species that sea turtles feed upon. The impacts of underwater
explosions would differ, depending on the type of prey species in the area of the blast.
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 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 (Mather 2004). The abundance of prey
species near the detonation point could be diminished for a short period before being repopulated by
animals from adjacent waters. Many sea turtle prey items, such as jellyfish and sponges, have limited
mobility and ability to react to pressure waves. 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. The Navy avoids conducting activity in ESA-listed coral habitats, which
would minimize secondary effects to sea turtle species that rely on these habitats. Furthermore, most
explosions occur in depths exceeding that which normally support seagrass beds, again protecting these
habitats.
Strike warfare activities such as BOMBEX (Land) and MISSILEX involve the use of live munitions by
aircrews that practice on ground targets on FDM. These warfare training activities occur on FDM and are
limited to the designated impact zones along the central corridor of the island. Training activities may
contribute to ongoing soil disturbance and erosion from natural causes on FDM and potential erosion of
beach habitat. However, sea turtle nests are unlikely to be encountered on the beaches of FDM, which
are unsuitable for nesting due to tidal inundation.
3.5.3.6.2

Explosion Byproducts and Unexploded Ordnance

Any explosive material not completely consumed during a detonation from ordnance disposal and mine
clearance are collected after training is complete; therefore, potential impacts are assumed to be
inconsequential and not detectable for these training and testing activities. Sea turtles may be exposed
by contact with the explosive material, 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 are rapidly diluted below threshold effect level (Table 3.1-9). Explosive byproducts
from high-order detonations present no secondary stressors to turtles through sediment or water.
However, low-order detonations and unexploded ordnance present elevated likelihood of impacts on
sea turtles.
Secondary effects of explosives and unexploded ordnance on turtles via sediment are possible near the
ordnance. Degradation of explosives proceeds via several pathways discussed in Section 3.1.3.1
(Explosives and Explosive Byproducts). Degradation products of Royal Demolition Explosive are not toxic
to marine organisms at realistic exposure levels (Rosen and Lotufo 2010). 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
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degradation products were detectable in marine sediment approximately 6 to 12 in. (15.2 to 30.5 cm)
away from degrading ordnance, concentrations of these compounds were not statistically
distinguishable from background beyond 3 to 6 ft. (0.9 to 1.8 m) from the degrading ordnance (see
Section 3.1.3.1.5.1, Explosives and Explosive Byproducts). Various lifestages of turtles could be impacted
by the indirect effects of degrading explosives within a small radius of the explosive 1 to 6 ft. (0.3 to 1.8
m).
3.5.3.6.3

Metals

Metals are introduced into seawater and sediments by training and testing activities involving vessel
hulks, targets, ordnance, munitions, and other military expended materials (see Section 3.1.3.2, Metals),
the majority of which are deposited throughout the MITT Study Area (greater than 3 nm from shore).
Some metals bioaccumulate, and physiological impacts begin to occur only after several trophic
transfers concentrate the toxic metals (Section 3.3, Marine Habitats, and Chapter 4, Cumulative
Impacts). Indirect impacts of metals on sea turtles via sediment and water involve concentrations
several orders of magnitude lower than concentrations achieved via bioaccumulation. Sea turtles may
be exposed by contact with the metal, contact with contaminants in the sediment or water, or ingestion
of contaminated sediments, though this exposure is anticipated to be minimal with deposition of metals
in water depths greater than the diving ability of a sea turtle. Concentrations of metals in seawater are
orders of magnitude lower than concentrations in marine sediments. It is extremely unlikely that sea
turtles would be indirectly impacted by toxic metals via water.
3.5.3.6.4

Chemicals

Several Navy training and testing activities introduce potentially harmful chemicals into the marine
environment; principally, flares and propellants for rockets, missiles, and torpedoes. Polychlorinated
biphenyls (PCBs) are discussed in Section 3.1.3.3 (Chemicals Other Than Explosives). PCBs have a variety
of effects on aquatic organisms. The chemicals persist in the tissues of animals at the bottom of the food
chain. Thereafter, consumers of those species tend to accumulate PCBs at levels that may be many
times higher than in water. In the past, PCBs have been raised as an issue because they have been found
in certain solid materials on vessels used as targets during vessel-sinking exercises (e.g., insulation,
wires, felts, and rubber gaskets). Currently, vessels used for sinking exercises are selected from a list of
U.S. Navy-approved vessels that have been cleaned in accordance with EPA guidelines. 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. Sea turtles may
be exposed by contact with contaminated water or ingestion of contaminated sediments.
Missile and rocket fuel poses no risk of secondary impact on sea turtles via sediment. In contrast, the
principal toxic components of torpedo fuel, propylene glycol dinitrate and nitrodiphenylamine, adsorbs
to sediments, has relatively low toxicity, and is readily degraded by biological processes. It is conceivable
that various lifestages of sea turtles could be indirectly impacted 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.
3.5.3.6.5

No Action Alternative, Alternative 1, and Alternative 2 – Training

Pursuant to the ESA, secondary stressors resulting from training activities as described in the No Action
Alternative, Alternative 1, and Alternative 2 may affect, but are not likely to adversely affect green,
hawksbill, leatherback, loggerhead, or olive ridley sea turtles sea turtles.
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No Action Alternative, Alternative 1, and Alternative 2 – Testing

Pursuant to the ESA, secondary stressors resulting from testing activities as described in the No Action
Alternative, Alternative 1, and Alternative 2 may affect, but are not likely to adversely affect green,
hawksbill, leatherback, loggerhead, or olive ridley sea turtles sea turtles.
3.5.4
3.5.4.1

SUMMARY OF IMPACTS ON SEA TURTLES
Combined Impacts of All Stressors

As described in Section 3.0.5.4 (Resource-Specific Impacts Analysis for Multiple Stressors), this section
evaluates the potential for combined impacts of all the stressors from the Proposed Action. The analysis
and conclusions for the potential impacts from each of the individual stressors are discussed in the
analyses of each stressor in the sections above and summarized in Endangered Species Act
Determinations.
There are generally two ways that a sea turtle could be exposed to multiple stressors. The first would be
if the animal were exposed to multiple sources of stress from a single activity (e.g., a mine warfare
activity may involve explosives and vessels that could introduce potential acoustic and physical strike
stressors). The potential for a combination of these impacts from a single activity would depend on the
range of effects to each of the stressors and the response or lack of response to that stressor. Most of
the activities as described in the Proposed Action involve multiple stressors; therefore, it is likely that if a
sea turtle were within the potential impact range of those activities, they may be impacted by multiple
stressors simultaneously. This would be more likely to occur during large-scale exercises or activities
that span a period of days or weeks (such as a sinking exercise or composite training unit exercise).
Secondly, an individual sea turtle could be exposed to a combination of stressors from multiple activities
over the course of its life. This is most likely to occur in areas where training and testing activities are
more concentrated (e.g., near naval ports, testing ranges, and routine activity locations) and in areas
that individual sea turtles frequently visit because it is within the animal's home range, migratory route,
breeding area, or foraging area. Except for in the few concentrated areas mentioned above,
combinations are unlikely to occur because training and testing activities are generally separated in
space and time in such a way that it would be very unlikely that any individual sea turtles would be
exposed to stressors from multiple activities. However, animals with a small home range intersecting an
area of concentrated Navy activity have elevated exposure risks relative to animals that simply transit
the area through a migratory route. Also, the majority of the proposed training and testing activities
occur over a small spatial scale relative to the entire Study Area, have few participants, and are of a
short duration (the order of a few hours or less).
Multiple stressors may also have synergistic effects. For example, sea turtles that experience temporary
hearing loss or injury from acoustic stressors could be more susceptible to physical strike and
disturbance stressors via a decreased ability to detect and avoid threats. Sea turtles that experience
behavioral and physiological consequences of ingestion stressors could be more susceptible to physical
strike stressors via malnourishment and disorientation. These interactions are speculative, and without
data on the combination of multiple Navy stressors, the synergistic impacts from the combination of
Navy stressors on sea turtles are difficult to predict.
Although potential impacts on certain sea turtle species from the Proposed Action could include injury
or mortality, impacts are not expected to decrease the overall fitness or result in long-term
population-level impacts of any given population. In cases where potential impacts rise to the level that
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warrants mitigation, mitigation measures designed to reduce the potential impacts are discussed in
Chapter 5 (Standard Operating Procedures, Mitigation, and Monitoring), which include safe speeds
during operations, lookouts, and mitigation zones with shutdown procedures if animals enter during
activities. The potential impacts anticipated from the Proposed Action are summarized in Endangered
Species Act Determinations with respect to the ESA.
3.5.5

ENDANGERED SPECIES ACT DETERMINATIONS

Administration of ESA obligations associated with sea turtles are shared between NMFS and USFWS,
depending on life stage and specific location of the sea turtle. NMFS has jurisdiction over sea turtles in
the marine environment, and USFWS has jurisdiction over sea turtles on land. The Navy is consulting
with NMFS on its determination of effect on the potential impacts of the Proposed Action. Because no
nesting for any species of sea turtle is known to occur in the Study Area, consultation with USFWS is not
required for sea turtles. Table 3.5-12 summarizes the Navy’s determination of effect on ESA listed sea
turtles for the Proposed Action.
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Table 3.5-12: Summary of Effects and Impact Determinations for Sea Turtles

Green Turtle

Hawksbill
Turtle

Loggerhead
Turtle

Olive Ridley
Turtle

Leatherback
Turtle

Training
Activities

May affect,
likely to
adversely
affect

May affect,
likely to
adversely
affect

May affect,
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect,
likely to
adversely
affect

Testing
Activities

May affect,
likely to
adversely
affect

May affect,
likely to
adversely
affect

May affect,
likely to
adversely
affect

May affect,
likely to
adversely
affect

Training
Activities

May affect,
likely to
adversely
affect

May affect,
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect
May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Testing
Activities

May affect,
not likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Training
Activities

Not
applicable

Not applicable

Not applicable

Not applicable

Not applicable

Testing
Activities

No effect

No effect

No effect

No effect

No effect

Training
Activities

May affect,
not likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Testing
Activities

May affect,
not likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Training
Activities

May affect,
not likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Testing
Activities

May affect,
not likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Training
Activities

May affect,
not likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Testing
Activities

May affect,
not likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Stressor
Acoustic Stressors

Sonar and
Other Active
Acoustic
Sources

Explosives

Swimmer
Defense
Airguns

Weapons Firing,
Launch, and
Impact Noise

Vessel and
Aircraft Noise

Energy Stressors

Electromagnetic
Devices
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Table 3.5-12: Summary of Effects and Impact Determinations for Sea Turtles (continued)

Stressor

Green Turtle

Hawksbill
Turtle

Loggerhead
Turtle

Olive Ridley
Turtle

Leatherback
Turtle

Physical Disturbance and Strike
Training
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Testing
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Training
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Testing
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Training
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Testing
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Training
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Testing
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Training
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Testing
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Training
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Testing
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Vessels

In-Water
Devices

Military
Expended
Materials

Seafloor
Devices

Entanglement Stressors

Fiber Optic
Cables and
Guidance
Wires

Decelerators/
Parachutes
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Table 3.5-12: Summary of Effects and Impact Determinations for Sea Turtles (continued)

Stressor

Green Turtle

Hawksbill
Turtle

Loggerhead
Turtle

Olive Ridley
Turtle

Leatherback
Turtle

Ingestion
Training
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

No effect

Testing
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

No effect

Training
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Testing
Activities

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

May affect, not
likely to
adversely
affect

Munitions

Military
Expended
Materials other
than Munitions
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