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6.0 REPTILES
6.1  INTRODUCTION

There are six reptiles listed under the Endangered Species Act (ESA) that occur within the MRA Study
Area for the Japan and Mariana Archipelagos (the MRA Study Area), five sea turtles and one crocodile.
The crocodile (Crocodylus porosus) is widespread throughout the Indo-Pacific, but only occurs in the
Republic of Palau (Palau) within the Study Area. The sea turtle species are more oceanic and all could
occur throughout the Study Area, but are generally limited to specific regions described in the profiles.

Sea turtles are long-lived reptiles that occur throughout the world’s tropical, subtropical, and temperate
seas. The seven living species of sea turtles are in two distinct families—the Dermochelyidae
(leatherback sea turtle), and the Cheloniidae (hard-shelled sea turtles)—distinguished from one another
based on their carapace (i.e., top shell) structure. The black sea turtle (Chelonia agassizii) is occasionally
recognized as an eighth species, yet studies of deoxyribonucleic acid and morphology suggest more
accurate classification of this as a subspecies of green sea turtle (Karl and Bowen 1999).

Ranges of five sea turtle species overlap the waters of the MRA Study Area (see Figures 6-1, 6-7, 6-9, 6-
11, and 6-12). Four of these species — green (Chelonia mydas), hawksbill (Eretmochelys imbricata),
leatherback (Dermochelys coriacea), and olive ridley (Lepidochelys olivacea) turtles — have been
reported in the waters around U.S. Territory of Guam (Guam) and the Commonwealth of the Northern
Mariana Islands (CNMI) (Kolinski, llo, and Manglona 2004; National Marine Fisheries Service and U.S.
Fish and Wildlife Service 1998b, c, d, f; Pritchard and Plotkin 1995). Both green and hawksbill sea turtles
nest on Guam and the CNMI (Maison, Kelly, and Frutchey 2010). The only nesting population of
loggerhead turtles (Caretta caretta) in the North Pacific occurs in Japan, but this species has never been
reported in the Mariana Archipelago (National Marine Fisheries Service and U.S. Fish and Wildlife
Service 1998e). Of these species, the threatened green sea turtle is the most common in the Marianas,
while the endangered loggerhead is the most common in Japan. A relatively large nesting population of
green sea turtles also occurs in Palau (Maison, Kelly, and Frutchey 2010).

6.1.1 Global Distribution and Preferred Habitat

Sea turtles nest on all continents, offshore islands, and throughout Oceania, as far north as 40°N
(loggerhead rookeries in Japan) and as far south as 30°S (leatherback rookeries in South Africa). Most
data regarding sea turtle distribution comes from nesting beach studies, which identify the important
coastal habitats. However, satellite telemetry, tagging studies, fisheries information, and other
observational data demonstrate that all sea turtle species migrate hundreds of miles along coastlines
and thousands of miles across ocean basins between nesting beaches, mating areas, nursery habitats,
developmental habitats, and adult feeding grounds (Meylan 1995).

Although nesting occurs in relatively warm climates, at-sea range often depends on water temperature
(Coles and Musick 2000; Davenport 1997; Epperly et al. 1995), with most sea turtles becoming lethargic
at temperatures below 10 degrees Celsius (°C) and above 40°C (Spotila, O'Connor, and Paladino 1997).
Olive ridleys appear to require a more constant temperature, as they commonly migrate thousands of
kilometers (km) within the 20°C isotherms (Abreu-Grobois and Plotkin 2008). Conversely, the
leatherback turtle can remain active across a wider range of water temperatures because of its ability to
maintain a warm body temperature in temperate waters and avoid overheating in tropical waters
(Southwood et al. 2005; Spotila, O'Connor, and Paladino 1997; Wallace et al. 2005). Leatherback turtles
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have been observed actively swimming in water as cold as 0.4°C (James et al. 2006). While water
temperature is a controlling factor, accurate determinations of distribution and migratory routes are
also determined by locations of nesting beaches, breeding grounds, foraging grounds, and the prevailing
currents that intersect these key habitats. Moreover, habitat use varies among species and between the
life stages of individual species.

Recent research related to genetics, satellite telemetry, and tagging has increased understanding of
population structures of all sea turtle species. This research supplements long-term data sets of
oceanographic features, sightings, thermal tolerance, fishery bycatch data, and mark-recapture studies.
In 2011, the loggerhead turtle was determined to consist of nine distinct population segments to be
managed as unique and discrete stocks, including the North Pacific Stock, which nests solely on Japanese
beaches (National Marine Fisheries Service 2011). The same analysis has been recommended for all of
the other turtle species, to improve management and recovery efforts (National Marine Fisheries
Service and U.S. Fish and Wildlife Service 20073, b, c, d, e). In the following sections, presentations of
species profiles of the sea turtles within the MRA Study Area include results of these respective
analyses.

6.1.2 Biology, Life History, and Behavior

Sea turtles are highly migratory and are present in coastal and open ocean waters of the MRA Study
Area. Most sea turtles prefer to live in warm waters because they are cold-blooded reptiles.
Leatherbacks are the exception, and are more likely to be found in colder waters at higher latitudes due
to their unique physiology.

All sea turtles use a variety of mechanisms to guide their movements on land and at sea (Lohmann et al.
1997). 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). Nesting beaches may be evolutionarily selected for based upon favorable eddys and
coastal currents that transport hatchlings quickly away from predation and into productive foraging
grounds, increasing probability of survival (Shillinger et al. 2012). In the open ocean, post-hatchlings
appear to rely on convergence zones, where downwelling concentrates buoyant material that would
otherwise be dispersed across the ocean (Carr 1987). These conditions provide both food and refuge for
turtles, as well as increase the possibility of interaction with marine debris and other pollutants. In the
open ocean, turtles orient themselves based on the earth’s magnetic field at a given location, which
allows them to navigate transoceanic migrations from their natal beach to foraging grounds, as well as
to return to the beaches where they were born in order to nest (Fuxjager, Eastwood, and Lohmann
2011; Lohmann et al. 2001; Lohmann and Lohmann 1996; Lohmann et al. 1997).

Information on sea turtle hearing and vocalization is limited. The ecological role of hearing has not been
well studied in the wild for sea turtles. No scientific accounts have been published of marine turtles
using sounds underwater for communication (Pilcher and Siow 2010). Reception of sound is through
bone conduction, with the skull and shell acting as receiving structures (Lenhardt et al. 1983). Sea turtles
appear to be low-frequency specialists (Bartol and Ketten 2006), with a frequency range from 30 to
2,000 hertz (Hz) and a maximum sensitivity between 100 and 800 Hz (Bartol and Ketten 2006; Bartol,
Musick, and Lenhardt 1999; Lenhardt 1994, 2002; Ridgway et al. 1969). All sea turtles respond to sounds
in the low frequency range, from at least 100 Hz to no greater than 900 Hz (Pilcher and Siow 2010).
Experiments testing turtle reaction to sounds, similar to seismic surveys, indicate an attempt to swim
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away from the source of the sound (Lenhardt 1994; McCauley et al. 2000; O'Hara and Wilcox 1990),
although whether impacts to hearing occur or are permanent remains unknown (Pilcher and Siow 2010).
Eckert (2002) proposed a summary of the most plausible, potentially damaging impacts to turtles in
response to seismic survey impulses:

e Significant changes in normal behavior patterns (increased swimming activity, erratic swimming
patterns, agitated behavior, abrupt body movements, startle responses)

e Increased energetic expenditures resulting from avoidance

e Inappropriate behavioral responses (fleeing or extended surface periods)

e Failure to respond to biologically important signals because of noise masking or attention
difficulties.

Sea turtles produce large numbers of offspring as a biological response to high levels of egg and
hatchling death. Mortality rates are presumed highest during these stages of life due to predation on
eggs and hatchlings, and ocean currents that sweep hatchlings into waters too cold for survival (Conant
et al. 2009). Open ocean juveniles spend 2 to 14 years drifting, foraging, and developing; a general lack
of knowledge regarding this period has led to labeling it “the lost years”(Witham 1980). This lack of
knowledge has impeded efforts at management during this life phase, and has challenged scientists to
pose questions in novel ways. One study identified the diets of post-hatchling Atlantic green sea turtles
through stable isotope analysis to better understand location and preferred habitats during this period
(Reich, Bjorndal, and Bolten 2007). Green sea turtles spend 3-5 years foraging for jellyfish in the open
ocean, occupying similar habitats and foraging at the same trophic levels as early juvenile loggerheads,
before shifting suddenly to neritic habitats. Loggerheads, however, remain in this life phase for 10 years
(Bjorndal et al. 2003; Bolten 2003; Bolten et al. 1998). Because juvenile turtles can protect themselves
more effectively from predators, are generally too small to interact with commercial fisheries, can
better maintain their position within a marm water mass, and are not at risk from land-based and
nearshore sources of mortality, survival rates are believed highest during this phase (Conant et al. 2009).
After this juvenile pelagic phase, hawksbill, loggerhead, and green sea turtles settle into coastal habitats
as subadults, dedicated to a specific home range until adulthood. Leatherback and olive ridley turtles
remain primarily in the open ocean throughout their lives, except for possibly mating in coastal waters
and when females come ashore to lay eggs. Breeding age adults of all species are known to migrate long
distances across large expanses of the open ocean, primarily between nesting and feeding grounds.
Given the variety of human-caused threats, estimates of natural deaths during the subadult and adult
stages increase slightly (Conant et al. 2009).

6.1.3 Global Threats and Management

While all sea turtles have unique life histories, threats are common among all species. On beaches, wild
dogs, pigs, and other animals ravage sea turtle nests. Humans harvest eggs and nesting females,
threatening some turtle populations. Human consumption has been the main factor in the global decline
of most turtle species (National Marine Fisheries Service and U.S. Fish and Wildlife Service 20074, b, ¢, d,
e; The SWoT Team 2011). Coastal development can cause beach erosion and loss of nesting habitat. It
can also create or increase the intensity of artificial light, which can disrupt female nesting activities and
attract hatchlings away from the water. Habitat degredation and loss from coastal development can
impact both nesting and foraging grounds of sea turtles. Lowered water quality and introduced species
can alter ecosystems which may limit food availability and no longer provide the habitat needed by the
turtles. Other threats within the foraging grounds include fishing pressures, as turtles may get caught,
injured, or drowned in fishing gear, or boat strikes, which may cause damage to their shell, spine, or
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head, and result in injury or death (National Marine Fisheries Service and U.S. Fish and Wildlife Service
20073, b, ¢, d, e). These impacts to important turtle habitats reduce reproductive rates and carrying
capacities.

Threats in the offshore environment include bycatch in commercial fisheries, primarily longline fishing
that kills an estimated 447,000 turtles every year worldwide (Wallace et al. 2010), and entanglement in
abandoned nets and other fishing gear (Carr 1987), which can drown turtles of all life stages. Sea turtles
often mistake floating plastic for food, such as plastic bags resembling 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 (Mrosovsky, Ryan, and James 2009).

Climate change, with predictions of increased ocean and air temperatures, increased storm frequency
and intensity, and sea level rise, may adversely impact turtles in all life stages, from egg to adult
(Chaloupka, Kamezaki, and Limpus 2008; Mrosovsky, Ryan, and James 2009; Schofield et al. 2010; Witt
et al. 2010). Effects from increased temperatures include embryo mortality, skewed sex ratios, loss of
nesting habitat resulting from sea level rise and increased beach erosion, and coastal habitat
degradation (e.g., coral bleaching). Climate change may impact other organisms, which may alter marine
food webs. A change in the marine food web may impact turtles if there is a decline in prey species.

Many questions regarding potential impacts remain unanswered, including how climate change would
affect hatchling dispersal and migration, how foraging ecology would change, and how turtles would
find new beaches if current beaches become unsuitable for nesting (The SWoT Team 2011).
Fibropapillomatosis is a debilitating, tumor forming disease in marine turtles, primarily green sea turtles,
that may be related to environmental degradation (Santos et al. 2010). This affliction, first noted in the
1930s, peaked in the 1980s and 1990s, and recently has shown signs of decrease across global
populations (The SWoT Team 2011). Each sea turtle recovery plan includes detailed descriptions of
threats in the nesting and marine environment, ranking the seriousness of threats within each of the
U.S. Pacific states and territories (National Marine Fisheries Service and U.S. Fish and Wildlife Service
19983, b, ¢, d, e, f).

6.2 SPECIES LIST AND STATUS

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 recently reviewed the current state of sea turtle research and concluded that relying too much
on nesting beach data slows a more complete understanding of sea turtles and limits evaluation of
options for managing their overall health and recovery (National Research Council 2010). The five sea
turtles found in the MRA Study Area are listed as endangered or threatened. The status, presence, and
nesting occurrence of sea turtles in the MRA Study Area are listed by region in Table 6-1.
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Table 6-1: Status of Sea Turtles in the MRA Study Area

Species Name and Regulatory Status Ecoregional Presence™’
Open Ocean Coastal Waters
Common Name Scientific Name ESA Listing
o
s | 2|8 |¢| =] |5
Family Cheloniidae (hard-shelled sea turtles)
Green Sea turtle Chelonia mydas Threatened,l X X X X X' x| X
Endangered
n
Hawksbill Sea turtle Eretmochelys imbricata Endangered X X X X X X X
Threatened” "
Loggerhead Sea turtle Caretta caretta reatened , X X X X X X X
Endangered
o . . Threatened®,
Olive ridley Sea turtle Lepidochelys olivacea reatene X X X X X X X
Endangered
Family Dermochelyidae (leatherback sea turtle)
Leatherback Sea turtle Dermochelys coriacea Endangered X X X X X X X

Notes:

'Asa species, the green sea turtle is listed as threatened. However, the Florida and Mexican Pacific Coast nesting populations
are listed as endangered. Note that some green sea turtles found in the MRA Study Area may belong to the endangered
Mexican Pacific Coast population, although genetic studies indicate a distinct western Pacific population.

*The status of the loggerhead turtle was revised by the National Marine Fisheries Service (NMFS) in 2011: The species is now
managed as nine distinct population segments. Only the North Pacific Ocean distinct population segment occurs in the MRA
Study Area and it is listed as endangered.

*There are two listed populations of olive ridleys: the “Mexican Pacific Coast Breeding Colonies” is listed as endangered and
“All Other Areas” is listed as threatened.

4Ecoregional presence relates to open ocean and coastal waters of the MRA Study Area. Ecoregional presence in open ocean
waters include: the North Central Pacific Gyre (NCP); the Kuroshio Current (KU), East China Sea (ECS) and the Philippine Sea
(PS).

5Ecoregional presence in coastal waters includes nearshore waters of the Japan Archipelago (JA), the Mariana Archipelago
(MA), which includes the Commonwealth of the Northern Mariana Islands (CNMI) and U.S. Territory of Guam (Guam), and the
Caroline Islands (Cl) which includes Palau and Yap. Areas where nesting occurs are indicated as X"

ESA = Endangered Species Act

6.3 GREEN SEA TURTLE (CHELONIA MYDAS)
6.3.1 Description

The green sea turtle is the largest of the hard-shelled marine turtles (chelonids), but has a comparatively
small head. A typical green sea turtle reach can exceed 3.3 feet (ft.) (1 meter [m]) in carapace length and
can weigh from 200 to 500 pounds (Ibs.) (90 to 225 kilograms [kg]). The largest individual collected was
4.9 ft. (1.5 m) long and weighed 871 Ibs. (395 kg). Hatchlings average about 4.7 to 5.4 centimeters (cm)
in carapace length, and 22 to 31 grams (g) in weight (Eckert 1993). The carapace is smooth and has
mottled, dark brown color, while the bottom shell (plastron) is creamy white in color. While algal growth
on the turtle can give it a green hue, the green sea turtle is named for the color of its body fat, known as
calipee. The green sea turtle has five vertebral scutes running down the middle of its shell, and four
costal scutes on each side.
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6.3.2 Status and Management

The green sea turtle was listed under the ESA in July 1978 due to excessive commercial harvest, lack of
effective protection, evidence of declining numbers, and habitat degradation and loss (National Marine
Fisheries Service and U.S. Fish and Wildlife Service 2007a). Under the ESA, recovery plans have been
prepared for Atlantic, Pacific, and east Pacific green sea turtle populations (National Marine Fisheries
Service and U.S. Fish and Wildlife Service 1998a, b). The breeding populations off Florida and the Pacific
coast of Mexico listed as endangered, and all other populations classified as threatened. Critical habitat
was designated in 1998 for green sea turtles in coastal waters around Culebra Island, Puerto Rico.
Critical habitat has not been designated in the Pacific.

Recent analysis of genetic data indicates presence of as many as 34 distinct stocks across the world. Two
genetically distinct breeding populations are within the MRA Study Area—a Northwest Pacific
population that nests in Japan and a Western Central Pacific population that nests in Micronesia, the
Mariana Archipelago, and Palau (The SWoT Team 2011). The Hawaiian stock (North Central Pacific) and
two east Pacific stocks may occasionally occur in waters within and near the MRA Study Area. These
distinct stocks may require independent management (Dutton, Balazs, and Dizon 1998; Dutton et al.
2008). For management purposes, the threatened Pacific green sea turtle is the population most likely
to occur in the MRA Study Area.

A 5-year review completed in 2007 (National Marine Fisheries Service and U.S. Fish and Wildlife Service
2007a) includes updated information on biology and habitat, as well as an analysis of threats to and
conservation measures for the species.

6.3.3 Population and Abundance

Based on data from 46 nesting sites around the world, 108,761-150,521 female green sea turtles nest
each year (National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007a), which is a 48—
65% decline in the number of females nesting annually over the past 100-150 years (Seminoff and
Marine Turtle Specialist Group Green Turtle Task Force 2004). Of nine major nesting sites in the Pacific,
four appear to be increasing (Hawai‘i, Mexico, Japan, Heron Island), three appear to be stable
(Galapagos, Guam, Mexico), and the trend is unknown for two (Central American Coast and Raine
Island). In addition to these nine nesting sites, at least 166 smaller nesting sites are scattered across the
western Pacific, with an estimated 22,800-42,580 females nesting in the Pacific each year, including the
Western Central Pacific stock that nests in Micronesia, Marianas, and Palau (Maison, Kelly, and Frutchey
2010; National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007a). The Raine Island,
Australia nesting population is the largest in the world, and accounts for 90% of the total Pacific
population (Maison, Kelly, and Frutchey 2010).

Within the MRA Study Area, low levels of nesting occur in the CNMI, Guam, Palau, and Japan, as well as
nearby oceanic islands. The largest concentration, with 400 to 500 females nesting annually, is at a
single site in the Ogasawara Islands of Japan. In Palau, 250-400 females nest across 13 known nesting
sites. Less than 20 females nest across the Mariana Archipelago from Guam to Agrigan Island. Nesting
numbers have increased in recent years for the Japan population, while the trend is unknown for Guam,
CNMI, and Palau (Maison, Kelly, and Frutchey 2010).

The green turtle nests in the Ryukyu (also known as Nansei) and Ogasawara Islands. In the Ogasawara
Islands, mating occurs from March through May, and nesting follows from May through early
September, with a peak in nesting activity between June and July (Suganuma et al. 1996). The Chichi-
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jima rookery in the Ogasawara Islands is one of the major nesting sites in Japan, despite undergoing
decades of harvest that decimated the population in the 20™ century(Chaloupka et al. 2007).
Remigration intervals (the number of years between successive nesting seasons) for green sea turtles
nesting at the Ogasawara Islands range from 2 to 9 years, with a mode of 4 years (Tachikawa et al.
1994). From 1991 through 1994, green sea turtles laid an average of four clutches per nesting season at
the Ogasawara Islands; the average clutch size for these nests was slightly over 100 eggs (Suganuma et
al. 1996). Since the late 1970s, the population of green sea turtles nesting at Japan’s Ogasawara Islands
has experienced a strong recovery from serious depletion due to past commercial exploitation, with an
annual population growth rate of 6.8% (Chaloupka et al. 2007). Since Japan is home to the northernmost
nesting sites for green sea turtles in the entire Pacific, the green sea turtle population residing there is
estimated to be small (Uchida 1994).

Sea turtles in the Mariana Archipelago are protected under the U.S. federal ESA and local Guam and
CNMI laws. The Guam Department of Agriculture Division of Aquatic and Wildlife Resources and the
CNMI Department of Land and Natural Resources, Division of Fish and Wildlife have monitored nesting
activity since 1999. In the Mariana Archipelago, green sea turtles typically nest from March through
August, with some year round activity documented on the islands of Guam, Saipan, Tinian, and Rota
(Maison, Kelly, and Frutchey 2010).

Genetic samples analyzed to date indicate that nesting green sea turtles in CNMI and Guam are
indistinguishable and should be treated as a single management unit (Maison, Kelly, and Frutchey 2010).
However, sample sizes are small, and additional sampling may reveal other haplotypes. Sufficient
information on nesting trend is not available for green sea turtles in the Mariana Archipelago, although
anecdotal information from residents suggests that nesting (Chaloupka et al. 2007) activity has
decreased over time, likely as a result of direct harvest, coastal development, and World War Il impacts.
Illegal harvest and degradation of terrestrial and nearshore habitats continue to be the primary threats
to turtles of the Mariana Archipelago.

6.3.4 Biology, Ecology, and Behavior

Predator/Prey Interactions. The green sea turtle is the most herbivourous of the sea turtles, especially
in their coastal life phase (Mortimer 1995), although the 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, Jones, and Horch 2004). While in the open
ocean, juveniles smaller than 8-10 inches (in.) (20—25 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). Preferred algae include species of the genera Codium,
Amansia, Ptercladia, Ulva, Gelidium, Acanthophera, and Hypnea (National Marine Fisheries Service and
U.S. Fish and Wildlife Service 1998b). Juveniles and adults that remain in the open ocean, and even
some residing 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 2007a; Parker and Balazs 2005).

Predators of green sea turtles vary according to turtle location and size. Land-based predators on eggs
and hatchlings include ants, crabs, birds, reptiles and mammals, such as dogs, raccoons, and feral pigs.
Aquatic predators, mostly fish and sharks, impact hatchlings most heavily in nearshore areas. Sharks are
the primary predators of juvenile and adult turtles (Stancyk 1982).
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Life History. Green sea turtle eggs incubate in the sand for approximately 48—70 days. When hatchlings
leave the nesting beach, they begin an oceanic phase (Carr 1987), initially using a three-day supply of
energy from their yolk sac to swim out to sea, before 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). Once reaching the juvenile stage (estimated at 5 to 6 years and
shell length of 8 to 10 in. [20-25 cm]), they move to lagoons and coastal areas rich in seagrass and algae
(Bresette, Singewald, and De Maye 2006; Musick and Limpus 1997). The optimal habitats for late
juveniles and adults are warm, quiet, and shallow (10-33 ft. [3—10 m] deep) waters, with seagrasses and
algae, that are near reefs or rocky areas used for resting (Makowski, Seminoff, and Salmon 2006). This is
where they will spend most of their lives (Bjorndal and Bolten 1988; Makowski, Seminoff, and Salmon
2006; National Marine Fisheries Service and U.S. Fish and Wildlife Service 1991). A small number of
green sea turtles appear to remain in the open ocean for extended periods, perhaps never moving to
coastal feeding sites (National Marine Fisheries Service and U.S. Fish and Wildlife Service 20073;
Pelletier, Roos, and Ciccione 2003).

Green sea 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 (Chaloupka and Musick 1997; Hirth 1997; National
Marine Fisheries Service and U.S. Fish and Wildlife Service 2007a).

Once mature, at around 90 cm straight carapace length for Pacific populations (Hirth 1997), green sea
turtles may reproduce for 17-23 years (Carr, Carr, and Meylan 1978). They return to their birth 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 lays between three to five clutches
(nests) per season, laying an average of 115 eggs each time. Based on an average of three clutches per
season and 100 eggs per nest, a single adult female may deposit 9—33 clutches (900-3,300 eggs) during
her lifetime (National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007a). While
survivorship at specific life stages is not well known and differs across populations, fewer than one in
250 hatchlings survives to breeding age (Bjorndal 1980; Hirth 1997). Nesting peaks between March and
August in Guam and the CNMI, and from April to August in Micronesia, with evidence of year-round
nesting for these stocks (Maison, Kelly, and Frutchey 2010). Nesting occurs between mid-May and mid-
July in Japan (Kikukawa, Kamezaki, and Ota 1999), and occurs year round at sites closer to the equator,
such as Palau (Maison, Kelly, and Frutchey 2010).

When green sea turtles are not breeding, adults live at coastal feeding areas that they sometimes share
with juveniles (Seminoff and Marine Turtle Specialist Group Green Turtle Task Force 2004). The green
sea turtle at all ages has a dedicated home range within which it repeatedly visits the same feeding and
breeding areas (Bresette, Gorham, and Peery 1998; Makowski, Seminoff, and Salmon 2006).

Migration. Green sea turtles are highly migratory throughout their lives. They may travel thousands of
km between their juvenile developmental grounds and adult breeding and nesting grounds (Mortimer
and Portier 1989). When they reach sexual maturity, green sea turtles begin migrating regularly
between feeding grounds and nesting areas every few years (Hirth 1997). Both males and females
migrate, typically along coastal routes from breeding areas to feeding grounds, although some
populations migrate thousands of km across entire oceans (Carr 1986, 1987; Mortimer and Portier
1989). Following nesting migrations,green sea 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, Resendiz, and Nichols 2002).
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Hearing/Vocalization. As research into turtle hearing and vocalization is limited, a general description of
hearing and vocalization is provided in Section 6.1.2, Biology, Life History and Behavior [all turtles].

Diving. Four Pacific studies (Brill et al. 1995; Hatase et al. 2006; I-Jiunn 2009; Rice and Balazs 2008) and
one Atlantic study (Hays, Metcalfe, and Walne 2004) assessed green sea turtle diving ability. In the open
ocean, Hatase (2006) observed that green sea turtles dive to a maximum of 265 ft. (80 m), although
typically no greater than 131 ft. (40 m). Green sea turtles migrating between the northwestern and main
Hawaiian Islands reached a maximum depth greater than 445 ft. (135 m) at night (the deepest dives ever
recorded for a green sea turtle), but only 13 ft. (4 m) during the day (Rice and Balazs 2008). In their
coastal habitat, green sea turtles typically make dives shallower than 100 ft. (30 m) (Godley et al. 2002;
Hatase et al. 2006; Hays et al. 2000; Hochscheid, Bentivegna, and Hays 2005), and do not often exceed
55 ft. (18 m) (Hays, Metcalfe, and Walne 2004; Rice and Balazs 2008), although they are known to feed
and rest at depths of 65—-165 ft. (20-50 m) (Balazs 1980; Brill et al. 1995).

Green sea turtle resting dives (i.e., more than 90% 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;
[-Jiunn 2009).

6.3.5 Habitat and Distribution

The green sea turtle is the most widespread of the seven species of sea turtle, occurring in the tropical
and subtropical coastal and open ocean waters, and nesting on beaches of all oceans primarily between
30°N and 30°S. Major nesting beaches occur throughout the western and eastern Atlantic, Indian, and
western Pacific Oceans, and are found in more than 80 countries (Hirth 1997) and 1,167 sites (The SWoT
Team 2011) worldwide.

Two nesting populations of green sea turtles in the North Pacific Ocean occur outside of the MRA Study
Area—a Hawaiian population and an East Pacific population. Both populations feed and migrate
throughout all waters of the tropical and subtropical Pacific, rendering possible their presence in the
waters of the MRA Study Area. Few reports have been received of turtles from South Pacific populations
occurring in the North Pacific Ocean (Limpus, Bell, and Miller 2009).

Figure 6-1 shows green sea turtle nesting sites throughout the Pacific, as provided by turtle research
groups to the State of the World’s Sea Turtles (SWOT) database. Figure 6-2 shows green sea turtle
nesting sites and beach-specific nesting densities in the MRA Study Area, while Figures 6-3, 6-4, 6-5, and
6-6, respectively, provide detailed maps of nesting sites and densities for Saipan, Tinian, Rota and Guam.

Open Ocean Waters of the MRA Study Area

NORTH CENTRAL PACIFIC GYRE. Open ocean distribution data are sparse for the green sea turtle.
Available satellite telemetry data for green sea turtles nesting in Hawai‘i, Oceania, and Asia (63
individual data sets) do not show any migrations through the North Central Pacific Gyre (The SWoT
Team 2011). The only available information is from bycatch data for the Hawai‘i-based longline tuna
fishery, that operates between 15° N to 35° N and 150° W to 180° W, and the Hawai‘i-based longline
tuna fishery, that operates in the area northeast of the Hawaiian Islands, on the high seas in the North
Pacific Transition Zone (Gilman et al. 2007). Overall interaction rates with the Hawai‘i-based fishery are
low, with fewer than five green sea turtles caught and one mortality on average between 2005 and
2010, while an estimated 93 green sea turtles were caught by foreign longline fleets operating in the
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North Pacific in 2009 (National Marine Fisheries Service 2012a). Of these, about 57% of green sea turtles
captured in longline fisheries in the North Central Pacific Gyre and North Pacific Transition Zone come
from the endangered Mexican nesting population, while 43% are from the threatened Hawaiian nesting
populations. Therefore, these findings suggest that green sea turtles on the high seas within these areas
of the western and central Pacific are from these two populations.

KUROSHIO CURRENT. The green sea turtle, known as “aoumigame” in Japanese, is the second most
common of the two turtle species regularly found in the waters off the four main islands of Japan
(Uchida and Nishiwaki 1995). Although green sea turtles are common residents of the coastal bays and
estuaries of East and South Japan, they are rarely found in the waters of the Inland Sea between
Honsh, Shikoku, and Kylshi. Green sea turtles are not expected to occur north of the Kuroshio Current
deflection off the coast of Honshd, as they are a predominantly tropical species.

Satellite tracks of post-nesting females of the Ogasawara Islands indicates that these turtles migrate
quickly back to neritic feeding grounds on the Japanese mainland, feeding in nearshore waters from the
Izu Islands to KyGshi and the Osumi Islands (Hatase et al. 2006). Time-depth recorders also indicate that
post-nesting green sea turtles also forage in oceanic waters between the nesting and foraging grounds
(Hatase et al. 2006). Other satellite tracks, in addition to stable isotope analysis of green sea turtle eggs
laid in Ogasawara, Japan, strongly implied that a few of the mature females feed on animals in the
oceanic habitat, indicating adult use of both coastal and pelagic habitats (Hatase et al. 2006).

EAST CHINA SEA. Feeding grounds in Japan are located in shallow waters along the Pacific coast of the
archipelago from 26°N to 38°N, and may extend west into the East China Sea and waters near Taiwan
(Suganuma 1989; Tachikawa et al. 1994). Late juvenile and adult green sea turtles are frequently
captured in coastal gillnet and setnet fisheries off the east coast of Taiwan, where rocky shores provide
a suitable feeding ground (Cheng and Chen 1997).

PHILIPPINE SEA. Green sea turtles that nest throughout Oceania likely migrate through the Philippine
Sea to foraging grounds in the coastal waters of the Philippines(Maison, Kelly, and Frutchey 2010;
Suganuma 1989).

Of nesting females on Saipan during summer 2011, three were outfitted with satellite transmitters. One
turtle migrated to the Philippines and the second to Japan. The third turtle’s transmission failed shortly
after she began her migration, but her route appeared to follow an initial trajectory similar to that of the
turtle which headed to the Philippines. In 2000 and 2007, two post-nesting green sea turtles were
satellite-tagged on Guam, and they also traveled to the Philippines and Japan, respectively (Maison,
Kelly, and Frutchey 2010). Additional satellite tracking activities between 2005 and 2007 from other
Western Pacific Island nations, including the FSM, Republic of the Marshall Islands, and Palau, also
suggest regional connectivity between the Pacific Islands and the Region, as some post-nesting females
migrated to foraging habitats of Japan, Philippine, and Indonesian waters (Maison, Kelly, and Frutchey
2010).

Coastal Waters of the MRA Study Area

Scattered and small nesting populations occur across Oceania in the western Pacific, including low-level
nesting throughout Micronesia, including on Guam and the CNMI (Maison, Kelly, and Frutchey 2010).
While the two largest nesting sites in Australia account for approximately 82% of the total nesting
populationin Oceania, there are seven sites where between 100 and 2,000 green turtles nest annually.
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The largest nesting aggregations within the MRA Study Area are in Palau, Yap, and Japan’s Bonin Islands
(Maison, Kelly, and Frutchey 2010). Figure 6-2 shows locations and relative nesting aggregation sizes of
these populations.

JAPAN ARCHIPELAGO. Small aggregations of green sea turtles nest throughout the Ryukyu Islands from
Taiwan to approximately 31°N on the southern tip of Kyshi, including the Okinawan and Osumi Islands
(Sea Turtle Association of Japan 2005b). Nesting season runs from May through August (Kikukawa,
Kamezaki, and Ota 1999). The largest aggregation occurs in the Ogasawara Islands, outside of the MRA
Study Area, where 500 clutches were counted in the 2003 breeding season on Chichi-jima (Chaloupka et
al. 2008). This is one of the most northern rookeries for green sea turtles in the Pacific Ocean (Suganuma
1989).

B0so Peninsula, Izu Peninsula, and lzu Islands. Green sea turtles that breed in the Ogasawara Islands
make regular reproductive migrations from their foraging grounds along the Pacific coast of Japan (e.g.,
the Izu Islands, mainland Japan, and the Ryukyu Islands), and may even come from areas as far west as
the East China Sea or the coast of Taiwan, based on mark-recapture studies on headstarted early
juveniles, subadults, and nesting and foraging adults (Hatase et al. 2006; Suganuma 1989).

Kyushi Island, Osumi Islands, and Tokara Archipelago. Green sea turtles have been documented
foraging in the coastal waters of Kylishi and nearby islands (Suganuma 1989).

Okinawa Island, Kerama Island, Kume Island, and Daito Islands. Green sea turtles nest in May on the
beaches of the Okinawa island group, and are frequently encountered foraging on seagrasses in the
coastal waters surrounding these islands (Tetra Tech EM Inc. 2010). A green sea turtle tagged on June 7,
2007, in Palau was recaptured in Okinawa on October 15, 2007, migrating a distance of 1,562 miles (mi.)
(2,515 km) (Maison, Kelly, and Frutchey 2010).

MARIANA ARCHIPELAGO. The green sea turtle is the most common sea turtle occurring in the
nearshore waters of the CNMI, found predominantly in the waters of the southern islands (Farallon de
Medinilla [FDM] to Guam) (Kolinski 2001). An estimated 1,000 to 2,000 green sea turtles live on reefs of
the southern islands (Kolinski 2001), with 54% off Tinian, 38% off Saipan, and 6% off Rota (Kolinski et al.
2006). Surveys indicate that most of the green sea turtles in these waters are juveniles (69%), with

17% and 11% sub-adults and adults, respectively (Kolinski 2001; Kolinski et al. 2006). The waters of the
southern islands are considered a primary resident green sea turtle habitat with a minor nesting
component (Kolinski 2001). Prior to 2009, Division of Fish and Wildlife documented 4 to 18 green sea
turtle nests laid per year (Division of Fish and Wildlife unpublished reports), including nests on Bird
Island Beach, Laulau Beach, Obyan Beach, Tank Beach, and Wing Beach on Saipan and Okgok Beach, and
on Tatgua Beach on Rota (The SWoT Team 2011). In 2010, scattered nests were observed on 12 beaches
on Rota, as well as on Tinian Island (The SWoT Team 2011). During the 2011 nesting season, 31 nests
were documented and 4 individual green sea turtles were observed on beaches of Saipan, and no nests
were observed on Rota and Tinian, although some beaches were not accessible during the time of a
rapid assessment. In the nearshore environment, green sea turtles prefer resting under ledges and
within shallow grottos (Smith and Marx Jr. 2006).

Pagan. Three resident green sea turtles were observed on the south side entrance of Bandeera bay, in
an area where healthy coral reef resources are abundant (Sukhraj et al. 2010).
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Farallon de Medinilla. An estimated 10 green sea turtles occur in the waters around FDM (Kolinski 2001;
Smith and Marx Jr. 2009), although total counts during surveys conducted between 2000 and 2007 are
as high as 20 per year (Vogt 2008).

Saipan. An estimated 574 green sea turtles occur in the waters around Saipan (Kolinski 2001).

Tinian. In 2001, 351 green sea turtles were observed during surveys of 59% of Tinian’s reefs (Kolinski
2001). Tinian appears to have the highest density of green sea turtles in the CNMI, despite a lack of
seagrass habitat, the primary forage of the turtle (Kolinski 2001). Densities at Tinian, estimated at 15.2
turtles per km of shoreline, are two times greater than on Saipan, nine times that of Rota, and 44 times
greater of Aguijan (Minton et al. 2009). Few turtles (7%) were observed along the reefs north of the
island, while the east and west coasts locations each accounted for 38% of all sightings. Based on these
surveys, an estimated 833 green sea turtles occur in the waters off Tinian (Kolinski, llo, and Manglona
2004).Green turtles have been observed in waters within and nearby Tinian harbor, and green turtle
nesting was reported prior to 1994 at Kammer Beach, just east of Tinian Harbor (Minton et al. 2009).

Aguijan. In 2001, 14 green sea turtles were observed during surveys of 95% of Aguijan’s reefs (Kolinski
2001). Based on these surveys, an estimated 19 green sea turtles occur in the waters off Aguijan
(Kolinski, llo, and Manglona 2004).

Rota. A 2003 in-water survey observed 73 individual green sea turtles along 51 km of Rota’s outer reef,
with the majority of turtles (55%) found on the east and south (26%) sides of the island (Kolinski et al.
2006). Concentrations were highest on the northeastern, eastern, and southeastern shorelines,
although the survey did not identify ecological reasons for the differences in densities across the island.
The population was dominated by juveniles, with only eight identified as adults. Based on these data,
118 turtles occur on Rota’s nearshore reefs.

Guam. In Guam, nesting activity is currently documented opportunistically by Haggan-watch, a
community-based volunteer network administered by Division of Aquatic and Wildlife Resources. Green
sea turtle nesting on Guam is most prevalent at the northern and southern ends of the island (Gutierrez
2004). During the 2011 nesting season, at least 20 green sea turtle nests were documented.

Aerial surveys conducted by the Guam Division of Aquatic and Wildlife Resources indicate presence of a
year-round resident population in Guam’s nearshore waters (National Marine Fisheries Service and U.S.
Fish and Wildlife Service 1998b). Aggregations of foraging and resting green sea 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 Hilaan, in deeper waters south of Falcona Beach, and at
several other locations throughout the island’s shelf (Abraham et al. 2004; Davis n.d.; U.S. Department
of the Navy 2003; Wiles et al. 1995). Recreational self contained underwater breathing apparatus
(SCUBA) divers regularly see green sea turtles at the following sites off Guam: Boulder Alley, Ane
Caverns, Napoleon Cut, Gab Gab I, and the Wall (Franko Maps Ltd. 2005).

In a 2011 extensive vessel-based survey of the western waters of Guam, six green turtles were sighted,
all in waters less than 100 m deep and within one km of shore. Two were sighted in Tumon Bay, three in
Agat Bay, and one in Agana Bay (HDR 2011). The average number of turtles was calculated at 0.011
turtles per nautical mile (nm) of transect, although most of the survey occurred in deep waters as far as
10 nm from shore.
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Haputo Ecological Reserve Area — Green sea turtles are commonly sighted in the marine waters around
the Haputo Ecological Reserve Area (Helber Hastert & Fee 2007b).

Orote Peninsula Ecological Reserve Area — As many as 21 green turtles have been sighted during
underwater surveys along the Orote Peninsula (HDR 2011), including three within the nearshore waters
of Agat Bay. The area has reefs with healthy algal assemblages that should support resident green sea
turtles (Helber Hastert & Fee 2007a; Smith et al. 2009; Smith 2006), although the predominant species
are not considered preferred forage of green turtles (Smith and Marx Jr. 2006).

Apra Harbor — Green tutles have been relatively common in Apra Outer Harbor (Smith 2006, 2007;
Smith and Marx Jr. 2006), although generally swimming, as the harbor is generally not condusive to
support resident turtles (Smith 2006). One location, Big Blue Reef W does include substantial algal
forage, although turtles have not been observed feeding on the reef (Smith 2006, 2007).

CAROLINE ISLANDS. The nesting populations of green turtles in the Caroline Islands, primarily Yap and
Palau, are among the largest in the North Pacific (Maison, Kelly, and Frutchey 2010). Data from satellite
tracked Yap turtles indicate that Yap turtles spend five to six weeks post-nesting in the waters near
these beaches before migrating to foraging grounds in the Philippines (Cruce 2009). Post-nesting Palau
turtles from Merir and Helen Islands, conversely, have been tracked migrating south past West Papua
and on to the Aru Islands, Indonesia in the Banda Sea (Klain et al. 2007). Other satellite data indicate
that the green turtles from Yap and Palua migrate widely throughout the Western Pacific and Southeast
Asia(Klain et al. 2007).

Yap. Green sea turtles are the most common turtle species nesting in Yap. Genetic analysis suggests
nesting green sea turtles in Yap are of one genetic stock distinguishable from other Pacific nesting
populations (Maison, Kelly, and Frutchey 2010). Ulithi Atolll, 115 miles northeast of Yap proper, is the
location of five significant green turtle nesting populations (Cruce 2009). Green sea turtle nesting peaks
between April and August, with some evidence of year-round nesting. Nest counts have been ongoing
since 2005 (Cruce 2009). In 2010, 396 and 87 nesting females were counted on Gielop Island and
Loosiep Island (Ulithi Atoll), respectively (The SWoT Team 2011). Monitoring data from 2000 and earlier
reported 124 nesting females on lar Island (Ulithi Atoll), 12 nesting females on Oroluk Atoll, 30—40
nesting females on Elato Atoll, 70-75 nesting females on Ngulu Atoll, and 27 nesting females on
Olimarao Atoll (The SWoT Team 2011).

Commercial sale of sea turtle meat and eggs is prohibited in Yap, and traditional harvest is managed
through cultural limitations dictated by leaders on the chief island, Mogmog (Cruce 2009). Turtle take
may have increased in recent years, although this has not been quantified (Maison, Kelly, and Frutchey
2010).

Palau. In 2005, the Palau Bureau of Marine Resources established the Palau Sea Turtle Conservation and
Management Program to monitor beaches and obtain data in 10 of Palau’s 16 states. Green sea turtle
nesting has been documented at Helen Reef in Hatohobei State and Merir Island in Sonsorol State, with
additional low-level nesting in Ngarchelong, Kayangel, and Melekeok States (Maison, Kelly, and Frutchey
2010). During the 2005 monitoring season, 301 green sea turtles nests were counted, and 47 individual
turtles were tagged on Helen Reef, with nesting turtles emerging almost every night between April and
August. On Merir Island, 331 nests were counted, and 36 individual turtles were tagged, with peak
nesting in May. Over a 9-month period in 2007-2008, 739 turtle nests were counted at Pulo Ana Island
in Sonsorol State. Peak nesting was also in May (Maison, Kelly, and Frutchey 2010).
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Harvest of sea turtles is permitted in Palau, although it is regulated by minimum size limits and closed
seasons. Green sea turtles must be 34 in. carapace length, and the closed seasons occur from June 1 to
August 31, and December 1 to January 31 (Maison, Kelly, and Frutchey 2010).

6.3.6 Species-specific Threats

Most threats to sea turtles are similar across species. These include egg harvest, intentional take of
juveniles and adults, bycatch in fisheries, and loss of nesting habitat to development and sea level rise
(National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007a). The primary threat specific
to green sea turtles is the loss of nearshore seagrass beds, as seagrass is the primary diet of green sea
turtles (National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007a). Seagrass habitats are
among the most susceptible to degradation, as they occur in sheltered coastal areas many of which are
targeted for port development and human settlements (National Marine Fisheries Service and U.S. Fish
and Wildlife Service 2007a). Invasive algae, many of these toxic to turtles, can also overtake seagrass
habitat.

REPTILES 6-14



MARINE RESOURCE ASSESSMENT FOR THE JAPAN AND MARIANA ARCHIPELAGOS SEPTEMBER 2013
120°E 130°E 140°E 150°E 160°E 170° 180° 170°W 160°W 150°W 140°W 130°W 120°W 10°W
4 | -
] i B
z ] ! [ - Legend
37 | )
3 _ I —mme 1 [ MRA study Area
: > €03 : ' D : !
] T o & =" | ———- International Dateline
] -~ < " e <:
= [ Z
R e e Green Sea Turtle
| : B Chelonia mydas
] Russia E
=  Nesting Locations of C. mydas
£ By Geographic Range of C. mydas
3 ] Canada B
= = L2
37 \ 8
1 Mongolia China . )
I P s
Z Pacific Ocean United States L2
R i
z W F z
1 Midway Islands E 5 -
] = Mexico I
: . ;
/] Y . "2 |z
7] Wake Island Hawall . - L R
1 Philippines Johnston Atoll 5
1 > L] B
i ¥ ] B
] B AN \ s =u_ " i
g- Spratlyslands ! Phlls!’?pme . ; L f. Clipperton Island -g
- < ea y c% 4 -~
] /: o ) = 5, ¢ [
8 /Wi ’ Palau a Marshall Islands Kin Reef -
. R gman Ree |
JMaIaysiasr ) L 7 g ' L
] : P % G . ~ B
i - (] i
] 4 : 1 e Kiribati i
o Cm - <« lowland Islan o
She &\ f% Nauru . Jarvis'lsland e N
] P Cmp- B : E
! . Oy . N B A
I . S . i s uE i
1 L, : \\ T f \\ i
RS 5~ 4 . M S e - P 1:50,000,000
[2) i oy . \, [ ] 1)) 3 B
&= < x Y Solomon Islands \ = . 1 & L
= - . T ¥ \ L] L] |~ 0 125250 500 750 1,000
[ ] - \ L]
JAshmore and Cartier Islands . \, B [ —
1 ‘l Wallis and Futuna samoa : - i Nautical Miles
i - < &) ~ American Samoa . i
E Vanuaos S 5 A 7 - Data Sources: See figure caption for references
| [ ] ) [ ] French F.’olynesm S i to data sources used to develop this map.
<°D.: N 1. " I Niue . - .-gj)
& ¥ Australia New\aie’d:)nia Tonga : Cook Islands 5 i |
X .
4 * I |
i I e B
7 I Dl slance B Coordinate System: WGS 1984
120°E 130°E 140°E 150°E 160°E 170°E 180° 170°W 160°W 150°W 140°W 130°W 120°W 110°W
Figure 6-1: Geographic Range and Location of Nesting Beaches of the Green Sea Turtle in the North Pacific Ocean
Source: Marquez (1990). Nesting locations obtained by permission from the SWOT database.
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Figure 6-2: Locations and Density of the Green Sea Turtle Nesting Beaches in the MRA Study Area

Sources: Nesting locations obtained by permission from the SWOT database.
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6.4 HAWKSBILL SEA TURTLE (ERETMOCHELYS IMBRICATA)
6.4.1 Description

The hawksbill sea turtle is a medium-sized, hard-shelled sea turtle, with adults weighing 100-150 Ibs.
(45-70 kg) and 2-3 ft. (65—90 cm) long (National Marine Fisheries Service 2012c). The head is narrow
with a sharp, hawk-like beak that allows the turtle to reach into crevices of coral reefs looking for food.
The carapace has overlapping, sharp scutes, colored dark to golden-brown with highlights of red,
orange, and black.

6.4.2 Status and Management

The hawksbill sea turtle is listed as endangered under the ESA (National Marine Fisheries Service and
U.S. Fish and Wildlife Service 1998c). While the current listing as a single global population remains
valid, data may support separating populations at least by ocean basin under the distinct population
segment policy (National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007b), which
would lead to specific management plans for each designated population. Hawksbills in the Eastern
Pacific are probably the most endangered sea turtle population in the world (Gaos and Yariez 2008). 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,
remains a critical threat to the species (National Marine Fisheries Service and U.S. Fish and Wildlife
Service 2007b). Critical habitat has not been designated for the hawksbill in the Pacific.

In the Yaeyama Islands of Japan, in the Okinawa prefecture, scientists at a stock enhancement research
station have been studying propagation of the hawksbill sea turtle for stock recovery since 1999
(Kobayashi et al. 2010), although the program remains in the research stage with recent experiments on
the behavior of captive-reared turtles (Okuyama et al. 2010).

6.4.3 Population and Abundance

A lack of nesting beach surveys for hawksbill sea turtles in the Pacific Ocean and a poor understanding of
this species’ nesting have made it difficult for scientists to assess the population status of hawksbills in
the Pacific (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998c; Seminoff et al.
2003). An assessment of 25 sites around the world indicates that hawksbill nesting has declined by at
least 80% over the last three generations (105 years in the Atlantic and 135 years in the Indo-Pacific)
(Meylan and Donnelly 1999). Only five regional populations with more than 1,000 females nesting
annually remain worldwide — two in Australia, and one each in Indonesia, the Seychelles, and Atlantic
Mexico (Meylan and Donnelly 1999). The largest of these is in the South Pacific, where 6,000—8,000
hawksbills nest off the Great Barrier Reef (Limpus 1992).

The 2007 5-Year Review (National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007b)
assessed nesting abundance and nesting trends in all regions that the hawksbill sea turtles inhabit (Table
6-2). Of the 19 populations assessed in the Pacific, all showed historic (20-100 year trend) population
declines. Recent trends (within past 20 years) were not much better, with only one (Hawai‘i population)
exhibiting an increasing population trend.
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Table 6-2: Summary of Worldwide Hawksbill Nesting Trends

Number of Sites
Ocean Recent Trends Historic Trends

Basin ;:;t;l (within past 20 years) (over 20 to 100 years)
A _— v ? A — v ?
Atlantic 33 9 0 11 13 0 0 25 8
Indian 31 0 2 5 24 0 0 17 14
Pacific 19 1 1 13 4 0 0 16 3
Total 83 10 3 29 41 0 0 58 25

Key: A =increasing population; == = stable population; ¥ = decreasing population; ? = unknown trend.
Source: (National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007b).

Hawksbills in the U.S. Pacific nest only on main island beaches in Hawai‘i (5-10 nesting females
annually), primarily along the east coast of the Island of Hawai‘i (National Marine Fisheries Service and
U.S. Fish and Wildlife Service 2007b).

6.4.4 Biology, Ecology, and Behavior

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 feed primarily on sponges, which comprise as much as 95% of their diet in some
locations, although the diet of adult hawksbills in the Indo-Pacific includes other invertebrates and algae
(Meylan 1988; Witzell 1983). The shape of the hawksbill’s mouth allows it to reach into holes and
crevices of coral reefs to find sponges and other invertebrates.

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 the primary
predators of juvenile and adult turtles (Stancyk 1982).

Life History. As with all other turtle species, hawksbill hatchlings enter an oceanic phase 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 sargassum in the Pacific Ocean (Musick
and Limpus 1997; Parker 1995; Witherington and Hirama 2006; Witzell 1983) before settling into
nearshore habitats as older juveniles. Preferred habitat 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 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).

Once sexually mature, they undertake breeding migrations between foraging grounds and breeding
areas at intervals of several years (Dobbs et al. 1999; Mortimer and Bresson 1999; Witzell 1983).
Although females tend to return to breed where they were born (Bowen and Karl 1997), as juveniles
they may have foraged hundreds or thousands of km from their birth beaches.
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Hawksbills are solitary nesters on beaches throughout the tropics and subtropics. During the nesting
season, female hawksbills return to their natal beaches every 2 to 3 years at night. A female hawksbill
lays between three and five clutches during a single nesting season, which contain an average of

130 eggs per clutch (Mortimer and Bresson 1999; Richardson, Bell, and Richardson 1999). In the Ryukyu
archipelago, the nesting seasons runs approximately from mid-May through July (Kikukawa, Kamezaki,
and Ota 1999).

Migration. Hawksbills were originally thought to be a non-migratory species as a result of the close
proximity of suitable nesting beaches to coral reef feeding habitats and the high rates of local recapture,
including hawksbills tagged in the Yaeyama Islands of Japan (Kamezaki and Hirate 1992). Other tagging
studies have shown wide-ranging migrations. A sub-adult tagged in Brazil was captured in Gabon, with a
straight-line migration distance of 4,669 km (Bellini, Sanches, and Formia 2000). In the Indo-Pacific, a
post-nesting female travelled 1,600 km between the Solomon Islands and Papua New Guinea (Meylan
1995). A female tagged at Buck Island Reef National Monument in the U.S.Virgin Islands traveled 1,160
miles (1,866 km) to the Miskito Cays in Nicaragua (Spotila 2004). This research indicates that adult
hawksbill sea turtles are capable of migrating distances comparable to green and loggerhead turtles.

Hearing/Vocalization. As research into turtle hearing and vocalization is limited, a general description of
hearing and vocalization is provided in Section 6.1.2, Biology, Life History and Behavior [all turtles].

Diving. 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 U.S. Virgin
Islands. Van Dam and Diez (2000) 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 to 10 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 ft. and 65.6 ft. (5 m and 20 m), respectively (van Dam and Diez
1996). (Blumenthal et al. 2009) reported consistent diving characteristics for juvenile hawksbills in the
Cayman Islands, with an average daytime dive depth of 25 ft. (8 m), a maximum depth of 140 ft. (43 m),
and a mean nighttime dive depth of 15 ft. (5 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).

6.4.5 Habitat and Distribution

The hawksbill rarely occurs in latitudes higher than 30°N or 30°S in the Atlantic, Pacific, and Indian
Oceans (Lazell 1980; The SWoT Team 2008; Witzell 1983). It inhabits coastal waters in more than 108
countries (Groombridge and Luxmoore 1989) and nests in at least 70 countries. The major regional
rookeries in the western Pacific are the Northern Australian stock, the Solomon stock, the Sabah stock,
and the peninsular Malaysian stock (Chaloupka, Dutton, and Nakano 2004). Within the Central Pacific,
nesting is widely distributed, though scattered and in very low numbers. In the U.S. Pacific, hawksbills
nest only on main island beaches in Hawai‘i, American Samoa, and Guam (National Marine Fisheries
Service and U.S. Fish and Wildlife Service 2007b). Hawksbills also nest in Japan and the Philippines
(National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007b).

Hawksbills generally occur closer to shore than the other marine turtles, with juveniles and adults
preferring coral reef habitats (National Marine Fisheries Service 2012c). Reefs provide shelter for resting
hawksbills day and night, and they are known to visit the same resting spot repeatedly. Hawksbills are
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also found around rocky outcrops and high-energy shoals—optimum sites for sponge growth—as well as
in mangrove-lined bays, estuaries, and saltwater mangrove forests (Gaos et al. 2012; National Marine
Fisheries Service 2012c).

Figure 6-7 shows hawksbill sea turtle nesting sites throughout the Pacific, as provided by turtle research
groups to the State of the World’s Sea Turtles (SWOT) database. Figure 6-8 shows hawksbill sea turtle
nesting sites and beach-specific nesting densities in Palau, the only location within the the MRA Study
Area where there is appreciable hawksbill nesting.

Open Ocean Water of the MRA Study Area

Hawksbills are known to occasionally migrate large distances, possibly in the open ocean. Hatchling and
early juvenile hawksbills have been found in the open ocean, in association with floating mats of
seaweed (Maison, Kelly, and Frutchey 2010; Musick and Limpus 1997). Although information regarding
foraging areas is largely unavailable due to research limitations, juvenile and adult hawksbills may also
be present in open ocean environments (National Marine Fisheries Service and U.S. Fish and Wildlife
Service 2007b).

NORTH CENTRAL PACIFIC GYRE. While sub-adult and adult hawksbills have been observed in the pelagic
environment, and post-hatchlings and juveniles remain in the pelagic zone for years, the pelagic habitat
in the Pacific is unknown (National Marine Fisheries Service 2012c).

KUROSHIO CURRENT. Because the hawksbill is a highly tropical species, it is not expected to occur in
waters north of where the Kuroshio Current deflects off the coast of Honshi. South of the Kuroshio
deflection, hawksbills may occur off the Japanese mainland, as evidenced by a few sightings and
strandings of juvenile turtles off southern Honsh, Shikoku, and Kylshi (Uchida and Nishiwaki 1995).

Coastal Waters of the MRA Study Area.

Foraging hawksbills have been reported from virtually all of the island groups of Oceania and from the
Galapagos Islands in the eastern Pacific to Palau in the western Pacific (National Marine Fisheries Service
and U.S. Fish and Wildlife Service 2007b; Witzell 1983).

JAPAN ARCHIPELAGO. There is little information on the abundance of hawksbills in Japanese waters,
although the population is believed to be very small (Eckert 1993; Ishikawa and Osawa 2002). They are
expected to occur year round in shelf waters surrounding all islands of the Ryukyu Archipelago south of
30°N based on their preference for nearshore habitats and their known nesting range in these islands
(Sea Turtle Association of Japan 2005b). Hawksbills are known to occur in areas south of the Izu
Peninsula on the Pacific side and Noto Peninsula on the Japan Sea side (Uchida and Nishiwaki 1995). In-
water occurrence is not concentrated in the coastal areas of the northern and central Ryukyu Islands
(i.e., the Osumi, Amami, and Okinawa islands) as the extreme scarcity of nesting in these areas limit the
need for migration or residence in the Ryukyu Islands (Kikukawa, Kamezaki, and Ota 1999).

Hawksbill sea turtle nests have been reported on Kakeroma Island of the Amami group (Uchida 1994),
on Okinawa Island (Eckert 1993; Kikukawa, Kamezaki, and Ota 1999), and in the Kerama group (Tetra
Tech EM Inc. 2010), Miyako group (Tetra Tech EM Inc. 2010), and Yaeyama group (Kamezaki 1989; The
SWoT Team 2008). The northern limit of nesting occurs in the Nansei Islands (Uchida and Nishiwaki
1995). The most recent nesting data available is for 2006 on Ishigaki island in the Yaeyama group (The
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SWoT Team 2008) , and 2008 on Okinawa Island (Tetra Tech EM Inc. 2010), where fewer than 10 nests
were reported at each location.

The coral waters of the Yaeyama group are important foraging grounds for the hawksbill in Japan
(Kamezaki and Hirate 1992; Kamezaki et al. 2003; Nishizawa et al. 2010). The relatively slow growth rate
of hawksbills in Yaeyama waters suggests that the turtles may be food-limited (Tetra Tech EM Inc. 2010).
In addition, the average size of hawksbills in Yaesyama waters (18 in. [46 cm]) indicates that most are
juveniles (Tetra Tech EM Inc. 2010). Hawksbills sometimes occur both on the Pacific coast of Honshi and
on the Japan Sea coast of Honshi (Tetra Tech EM Inc. 2010).

MARIANA ARCHIPELAGO. Hawksbills are rare in the Mariana Archipelago, with only a single record of a
nesting event, which occurred in 1991 on Guam, and no nests reported in the Northern Mariana Islands.
While hawksbills were last reported to be nesting in Guam in 1995, recent monitoring efforts have
found no evidence of hawksbill nesting (The SWoT Team 2008). A small population of foraging
hawksbills occurs in Guam waters. Two hawksbills were sighted during underwater surveys at FDM in
2005 and 2006 (Smith and Marx Jr. 2009) and one in 2010 (Smith and Marx Jr. 2010). A single hawksbill
turtle was sited more than 100 nm west of FDM during the 2007 MICTCS cruise (U.S. Pacific Fleet/Naval
Facilities Engineering Command Pacific 2007).

Sasa Bay within Apra Harbor, and Orote Peninsula to the south of the harbor, are considered feeding
grounds of the hawksbill turtle (Helber Hastert & Fee 2007a, b). An area known as Big Blue Reef West
within Apra Harbor has a healthy sponge population, the primary forage of hawksbills, although no
hawksbills have been observed and no bite marks on the sponges were seen during the surveys (Smith
2007). Two underwater sightings of hawksbills were made in November 2003 near Kilo Wharf and one in
October 2004 (Smith 2006). One hawksbill was seen swimming off St. Louis Beach in 2005 in a large and
diverse area of sponges. Although no bite marks were observed on sponges, the sighting and abundance
of prey suggest this may be a hawksbill foraging site (Smith 2006).

CAROLINE ISLANDS. Hawksbills nest at low levels in Palau and Yap (The SWoT Team 2008), with a single
hawksbill nest reported in Yap in 2005 (Maison, Kelly, and Frutchey 2010). A hawksbill tagged in Palau
was caught in a fishing net 950 km to the west in the Philippines, indicating extensive migrations in the
region (Klain et al. 2007).

Yap. A marine turtle nesting beach monitoring project on Gielop and lar Islands, Ulithi Atoll, Yap State,
Federated States of Micronesia in 2005 (June to August) included tagging, measurements, health
assessments, and tissue sample collection of nesting sea turtles. This project was repeated in summer
2006 and focused on Gielop Island alone for logistical reasons including issues of boat and staff
availability. In 2005, a single nesting hawksbill was observed and tagged while nesting on Gielop Island,
and no hawksbills were observed in 2006 (The SWoT Team 2006).

Palau. Palau has one of the largest nesting populations of hawksbills in Micronesia (Klain et al. 2007),
where they nest primarily in the Rock Islands Southern Lagoon area of Koror State. There are 13 known
nesting sites and an estimated 250-400 nesting females every year in Palau (Maison, Kelly, and Frutchey
2010). The hawksbill sea turtle population is declining in Palau, despite a head-start program in Koror
since 1982 that reared and released 2,364 6—12 month old turtles between 1982 and 1990 (Sato and
Madriasau 1991). Because that undertaking was not successful, new management techniques, including
nest protection, have been attempted.
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In 2006, 79 hawksbill sea turtle nests were found in Palau within the States of Melekeok (1), Peleliu (6),
Koror (47), Ngaraard (8), Ngarchelong (7), and Kayangel (10). Nesting season in Palau is from May to
August (The SWoT Team 2006).

6.4.6 Species-specific Threats

Hawksbills appear to be rarely caught in pelagic fisheries (McCracken 2000; Plotkin 1995), although
artisanal fisheries bycatch in foraging areas of the western Pacific is listed as a serious to extreme threat
to the population (National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007b).
Nevertheless, the main hazards for hawksbills are commercial harvesting for bekko (tortoiseshell), egg
harvesting, and nesting habitat destruction (Meylan and Donnelly 1999; National Marine Fisheries
Service and U.S. Fish and Wildlife Service 1998c).
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6.5 LOGGERHEAD SEA TURTLE (CARETTA CARETTA)
6.5.1 Description

Loggerhead sea turtles are one of the larger species of turtle, named for their large blocky heads that
support powerful jaws used to feed on hard-shelled prey. Adult loggerheads weigh an average of 250
Ibs. (113 kg) and are 3 ft. (1 m) in length. They have a reddish-brown carapace with a pale yellow
plastron. The loggerhead is found in temperate to tropical regions of the Atlantic, Pacific, and Indian
Oceans, and in the Mediterranean Sea (National Marine Fisheries Service 2012c).

6.5.2 Status and Management

A complete stock analysis was conducted for the loggerhead turtle to identify distinct population
segments within the global population (Conant et al. 2009). Three distinct population segments occur in
the Pacific: North Pacific, South Pacific, and Southeast Indo-Pacific Ocean. Genetic data (Bowen et al.
1995; Resendiz et al. 1998) and tagging data (Conant et al. 2009) indicate that the South Pacific and
Southeast Indo-Pacific Ocean nesting populations rarely, if ever, are found in North Pacific waters. North
Pacific loggerheads nest exclusively in Japan. Based on a review of census data obtained from most of
the Japanese beaches from the 1950s through the 1990s, Kamezaki et al. (2003) concluded that the
annual loggerhead nesting population in Japan declined 50-90% in recent decades. This drop in
numbers was primarily the result of fishery bycatch from the coastal pound net fisheries off Japan,
coastal fisheries that affect juvenile foraging populations off Baja California, and undescribed fisheries
that likely affect loggerheads in the South China Sea and the north Pacific Ocean (National Marine
Fisheries Service and U.S. Fish and Wildlife Service 2007d). More recently, loggerhead nest numbers
across Japan have increased from 2,064 in 1997 to 11,000 nests in 2008. While nesting numbers have
gradually increased in recent years, current nesting represents a fraction of historical nesting levels
(Kamezaki et al. 2003). In September 2011, National Marine Fisheries Service (NMFS) and U.S. Fish and
Wildlife Service (USFWS) designated the North and South Pacific distinct population segments as
endangered (National Marine Fisheries Service 2011). Although two petitions to designate critical
habitat have been submitted to NMFS (Turtle Island Restoration Network [16 July 2007] and the Center
for Biological Diversity [November 16, 2007]), critical habitat has yet to be designated for Pacific
loggerheads.

6.5.3 Population and Abundance

The global population of loggerhead turtles is estimated at 43,320-44,560 nesting females (Spotila et al.
2000). The largest nesting populations occur in the subtropics on the western rims of the Atlantic and
Indian Oceans. Although recent efforts have provided a much more detailed picture of nesting
populations worldwide, no data are currently available on population size in the oceanic habitat. The
North Pacific loggerhead distinct population segment, which is the segment that occurs in the MRA
Study Area, nests primarily in Japan (Kamezaki et al. 2003), although low-level nesting may occur on
beaches surrounding the South China Sea (Conant et al. 2009). The largest Pacific nesting aggregation is
between 1,000 and 10,000 females nesting per year in Japan and eastern Australia, and approximately
10 to 100 females nesting in New Caledonia. The Australia and New Caledonia aggregations are part of
the South Pacific distinct population segment, and are not expected to occutr in the MRA Study Area.

In 2003, fewer than 1,000 females were estimated to breed annually in Japan (Kamezaki et al. 2003). In
recent years, Japan beach nest counts have increased from a low of 2,064 nests in 1997 to a high of
11,082 in 2008. The most recent nest counts for 2009, 2010, and 2011 are 7,495, 10,121, and 9,011,
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respectively (National Marine Fisheries Service 2012a). Based on these nesting numbers, the adult
female population in the North Pacific for 2008—2012 is estimated at 7,138 (Van Houtan and Halley
2011).

Recent studies indicate that fewer than 1,000 females nest annually in Japan (Kamezaki et al. 2003).
Long-term counts of loggerheads in all parts of southern Japan have shown that the number of
loggerheads breeding there has decreased by more than half since 1990 (Hatase, Kinoshita, et al. 2002;
Sato et al. 1997; Sea Turtle Association of Japan 2005a).

6.5.4 Biology, Ecology, and Behavior

Predator/Prey Interactions. In both open ocean and nearshore habitats, loggerheads are primarily
carnivorous, although they also consume some plant matter (Bjorndal 1997; Dodd 1988). Both juveniles
and adults forage in coastal habitats, where they feed primarily on the bottom, although they also
capture prey throughout the water column (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, such as whelks and conch. During migration through the
open sea, they eat jellyfish, mollusks, flying fish, and squid.

Polovina et al. (2006) found that juvenile loggerheads in the western North Pacific Ocean at times swim
against weak prevailing currents due to the attraction of areas of high productivity. Similar observations
have been made in the Atlantic (Hawkes et al. 2006). These results suggest that locations of currents and
associated frontal eddies are important to the loggerhead’s foraging during its open ocean stage
(McClellan and Read 2007).

Predators of loggerheads 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 the
primary predators of juvenile and adult turtles (Stancyk 1982).

Life History. Females lay three to five nests, and sometimes more, during a single nesting season
(National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007d). Mean clutch size is
approximately 100 to 130 eggs per clutch (Dodd 1988). The temperature of a viable nest ranges
between 79 and 90 degrees Fahrenheit (°F) (26 - 32°C). Eggs incubate approximately 2 months before
they hatch (Mrosovsky 1980). As with all sea turtles, incubation temperature near the upper end of the
viable range (32°C) produces all females, and temperature near the lower end (26°C) produces all male
hatchlings (Mrosovsky 1980).

Hatchlings travel to oceanic habitats and often are found in seaweed drift lines (Carr 1986, 1987;
Witherington and Hirama 2006). Loggerheads spend the first 7-11.5 years of their lives in the open
ocean (Bolten 2003). In the North Pacific, foraging juvenile loggerheads congregate along the Kuroshio
Extension Bifurcation Region (or Transition Zone Chlorophyll Front), where warm, low-chlorophyll water
meets cool, high chlorophyll water (Howell et al. 2010; Kobayashi et al. 2008; Polovina et al. 2006). At
about 14 years old, some juveniles move to nearshore habitats close to their birth area, while others
remain in the oceanic habitat or move back and forth between the two (Laurent et al. 1998; 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, Matsuzawa, et al. 2002), Cape Verde
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(Hawkes et al. 2006), and Florida (Reich et al. 2007) indicate that at least some of the adult population
forage in the open ocean.

Migration. The loggerhead embarks on transoceanic migrations, and has been reported as far north as
Alaska and as far south as Chile. Loggerheads foraging in and around Baja California originate from
breeding areas in Japan (Conant et al. 2009), while Australian stocks appear to migrate to foraging
grounds off the coasts of Peru and Chile (Alfaro-Shigueto et al. 2004).

Hearing/Vocalization. As research into turtle hearing and vocalization is limited, a general description of
hearing and vocalization is provided in Section 6.1.2, Biology, Life History and Behavior [all turtles].

Diving. Loggerheads do not dive particularly deep in the open ocean (about 80 ft. [25 m]), although they
will forage to bottom depths of at least 490 ft. (150 m) in coastal habitats (Hatase, Omuta, and
Tsukamoto 2007; Polovina et al. 2003; Soma 1985). Diving profiles in open ocean and nearshore habitats
appear to be based on location of the food source, with turtles foraging in the nearshore habitat diving
to the seafloor (average depth 165—-330 ft. [50-150 m]) and those in the open ocean habitat diving
exclusively in the 0-80 ft. (0—25 m) depth range (Hatase, Omuta, and Tsukamoto 2007). Dive duration
increases in warmer waters. The average foraging dive duration is 25 minutes, although night resting
dives at depths of 45 ft. (14 m) longer than 300 minutes have been recorded. Resting appears to be the
main function of night dives (Hatase, Omuta, and Tsukamoto 2007).

A study in the Central North Pacific Ocean, using two longline-caught loggerheads, showed that the
turtles spent about 40% of their time in the top 3 ft. (1 m), 70% of the dives were no deeper than 15 ft.
(5 m), and virtually all of their time was spent in water shallower than 330 ft. (100 m) (Polovina et al.
2003).

6.5.5 Habitat and Distribution

Loggerheads occur throughout the temperate and tropical regions of the Atlantic, Pacific, and Indian
Oceans, in habitats ranging from coastal estuaries to the open ocean (Dodd 1988). Loggerheads spend
much of their lives in the open ocean (Kobayashi et al. 2008). Recent studies have attempted to
correlate at-sea distribution with environmental variables to help understand how loggerheads utilize
pelagic habitats (Carr 1987; Luschi, Hays, and Papi 2003; Polovina et al. 2004; Polovina et al. 2000;
Polovina et al. 2006). Studies of satellite-tracked north Pacific loggerheads indicate that five variables
influence their pelagic distribution: sea surface temperature, chlorophyll a concentration, earth
magnetic force, earth magnetic declination, and earth magnetic inclination (Kobayashi et al. 2008). Of
these, temperature and chlorophyll concentration are temporal features of the pelagic environment
identifiable through remote sensing data, and confirm the importance of the 8,000-km long Transition
Zone Chlorophyll Front of the north Pacific (Kobayashi et al. 2008; Polovina et al. 2001).

Similar to the leatherback, the loggerhead embarks on transocean migrations. Migratory routes can be
coastal or involve crossing deep ocean waters (Schroeder, Foley, and Bagley 2003). The species can be
found hundreds of km out to sea, as well as in inshore areas, such as bays, lagoons, salt marshes, creeks,
ship channels, and the mouths of large rivers. Coral reefs, rocky places, and shipwrecks are often used as
feeding areas. The nearshore zone provides crucial foraging habitat, as well as internesting and
overwintering habitat. In the eastern Pacific, loggerheads have been reported as far north as Alaska and
as far south as Chile, with most records of juveniles off the coast of California. Loggerheads that mate
and nest in Japan cross the Pacific to feed in waters off the west coast of Mexico, including the Baja
Peninsula, a critically important developmental habitat for juvenile loggerheads.
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Loggerheads typically nest on beaches close to reef formations and adjacent to warm-temperature
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, Limpus, and Godfrey 2003). Nests are typically laid between the
high tide line and the dune front (Hailman and Elowson 1992).

Loggerheads are distributed throughout the tropical and temperate waters of the Pacific, with all known
nesting beaches located north of 25°N and south of 25°S (The SWoT Team 2007). The only known
nesting areas for loggerheads in the North Pacific are found in southern Japan, where the nesting season
is late May to August (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998e¢).
Nesting in other South Pacific locations occurs in low densities or remains unsubstantiated (Conant et al.
2009).

Figure 6-9 shows loggerhead sea turtle nesting sites throughout the Pacific, as provided by turtle
research groups to the State of the World’s Sea Turtles (SWOT) database. Figure 6-10 shows loggerhead
sea turtle nesting sites and beach-specific nesting densities in Japan, the only country in the North
Pacific where loggerheads nest.

Open Ocean Waters of the MRA Study Area

NORTH CENTRAL PACIFIC GYRE. The North Pacific loggerhead distinct population segment appears to
use the entire North Pacific Ocean during development, with substantial evidence that individuals make
two transoceanic crossings. The first crossing (west to east) is made immediately after they hatch from
the nesting beach in Japan, using the Kuroshio and North Pacific currents (Kobayashi et al. 2008) to
reach foraging grounds off Baja California (Bowen et al. 1995; Peckham et al. 2007). The second (east to
west) is made when they reach either the late juvenile or adult life stage, returning to their natal
beaches for reproduction (Nichols et al. 2000; Resendiz et al. 1998). They remain in the western Pacific
for the remainder of their life cycle (Hatase, Kinoshita, et al. 2002; Iwamoto et al. 1985; Sakamoto et al.
1997; Tetra Tech EM Inc. 2010). Offshore, in waters beyond the 330-ft. (100-m) isobath, juvenile
loggerheads forage in or migrate through the North Central Pacific Gyre as they move between North
American developmental habitats and nesting beaches in Japan. The highest densities of loggerheads
can be found just north of Hawai‘i within the North Pacific transition zone (Polovina et al. 2000). Satellite
tracks of 186 loggerheads show a concentration between 30 and 45°N and 140°E to 150°W, with smaller
concentrations in the East China Sea and Baja California (Kobayashi et al. 2008).

KUROSHIO CURRENT. The loggerhead turtle, known in Japan as “akaumigame,” is the most common sea
turtle species occurring year round in the waters off Japan. Loggerhead turtles are widely distributed
from Honshi to the southern Ryukyu Islands and from the continental shelf into deep, oceanic waters of
the western North Pacific (Hatase, Kinoshita, et al. 2002; Hatase, Matsuzawa, et al. 2002; Uchida and
Nishiwaki 1995). Only during winter-spring in waters north of where the Kuroshio Current deflects east
off the coast of Honshii is loggerhead occurrence low or unknown. Off the northeast coast of Honshd,
the cold water Oyashio Current dominates the region’s oceanography. To prevent themselves from
stranding due to cold-stunning, most loggerhead turtles avoid this cold water current during the coldest
months of the year. However, when these temperate waters warm up in the summer-fall, loggerheads
expand their range north to take advantage of northward-moving prey (Morreale and Standora 1998;
Shoop and Kenney 1992). The Kuroshio Extension Bifurcation, located between 155°E and the dateline,
and from 30 to 40°N, is an important pelagic foraging area of juvenile loggerheads during the fall,
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winter, and spring (Polovina et al. 2006), when oceanographic conditions increase primary productivity
and concentrate prey species.

EAST CHINA SEA. Tag-recapture studies have shown that the East China Sea is a major foraging habitat
for post-nesting adult females (Balazs and Chaloupka 2006; Chan et al. 2007; Tetra Tech EM Inc. 2010),
while the shallow waters of the East China Sea are a major wintering area for adult loggerheads
(lwamoto et al. 1985). Adult female loggerheads, presumably from the North Pacific stock, have been
captured in coastal set net fisheries in the eastern waters of Taiwan (Cheng and Chen 1997), indicating
migration across the East China Sea.

Coastal Waters of the MRA Study Area

JAPAN ARCHIPELAGO. Loggerheads nest from 24°N on Yakushima Island in the Nansei Archipelago,
along the east coast of Kytshid and Honshi Islands to 37°N (Uchida 1994). Nesting beaches are located
only on the Pacific side of these islands (Kamezaki et al. 2003). Along the Pacific coast of Japan, nine
major nesting beaches (greater than 100 nests per season) and six sub-major beaches (10—100 nests per
season) have been identified. The main breeding areas for loggerheads are Inakahama on Yakushima
Island, Miyazaki on KyGshd, Hiwasa in Tokusima (Shikoku), the Senri Coast (Minabe beach) in
Wakayama, and Omaezaki (Atsumi Beach) on Honshi (Sea Turtle Association of Japan 2012).

BOsoO Peninsula, Izu Peninsula, and Izu Islands. There is one important nesting beach in this region, at
Omaezaki Beach. Nesting occurs between late-May and August, with the number of nests ranging from
22 to over 200 nests, fluctuating widely since 1973 (Nobetsu et al. 2004). The most recent nesting
counts from the late 1990s were approximately 100 nests.

Kyushi Island, Osumi Islands, and Tokara Archipelago. (Kamezaki et al. 2003) identified six major and
sub-major nesting sites on Kytshi and three on the Osumi islands. Yakushima Island, within the Osumi
Islands, is the most important nesting location for the North Pacific loggerhead, with approximately 30%
of all loggerhead nesting in Japan on Inakahama and Maehama beaches (Kamezaki et al. 2003). Miyazaki
and Fukiagahama beaches are important nesting aggregations on Kyshi (Kamezaki et al. 2003).

Okinawa Island, Kerama Island, Kume Island, and Dait6 Islands. Smaller nesting agregations occur on
the southern islands in the Nansei Archipelago, as far south as Yaeyama and Miyako Islands of the
Okinawa prefecture (Kamezaki et al. 2003). Known nesting beaches include Nishiohama, Ibaruma, Osaki,
and Gusukube. These sites are the southernmost nesting beaches for the North Pacific loggerhead.

MARIANA ARCHIPELAGO. Loggerheads are considered rare in the waters of the Mariana archipelago.
They are not known to nest on these islands.

6.5.6 Species-specific Threats

Major threats to the species are fisheries bycatch, alteration of nesting habitat, direct harvest ofadults
and eggs, and predation (National Marine Fisheries Service 2012a). Incidental bycatch in commercial
fisheries is currently a tremendous source of loggerhead mortality, with coastal and artisanal fisheries in
Mexico and the Asian region likely representing the most serious threats to North Pacific loggerheads
(Conant et al. 2009; Gilman et al. 2010; Peckham et al. 2008; Peckham et al. 2007). Coastal fisheries off
Baja California have the highest bycatch rates for loggerhead worldwide (Conant et al. 2009; Peckham et
al. 2008; Peckham et al. 2007). In Japan, coastal pound net fisheries result in high mortality rates of
adult loggerheads (Gilman et al. 2010), while nesting females migrating to the East China Sea are at risk
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from intensive trawl fisheries (Kamezaki et al. 2003). While U.S. longline fisheries have applied
conservation measures that have dropped loggerhead mortality from an estimated 167 per year in 2000
to an average of 4 per year between 2004-2010, foreign longline fisheries “are likely injuring and killing
at least many hundreds of turtles annually in the North Pacific” (National Marine Fisheries Service
2012a). (Lewison, Freeman, and Crowder 2004) noted that an estimated 30,000 to 75,000 loggerhead
turtles were taken as pelagic longline bycatch in the Pacific Ocean in 2000.

In Japan, coastal development and beach armoring can cause loggerheads to nest below the high tide
line where eggs are washed away (Matsuzawa 2006). A thriving tourism business on Yakushima, the
primary nesting site for North Pacific loggerheads, has led to an increase in beachfront hotels and
trampling of nests (Kudo, Murakami, and Watanabe 2003).

Japanese law prohibiting harvest of sea turtle eggs has greatly reduced this threat, although predation
of nests by raccoons and weasels continues throughout the nesting range (Kamezaki et al. 2003;
National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007d). Direct harvest of juvenile
loggerheads has been reported in Mexico (Koch et al. 2006; Peckham et al. 2008; Peckham et al. 2007).

Marine debris, a worldwide threat to sea turtles, is likely more of a concern for the North Pacific
loggerhead after the March 2011 tsunami. The Japanese government estimated that 25 million tons of
debris was generated, although how much and what types remain in the North Pacific are unknown
(National Marine Fisheries Service 2012a).
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Figure 6-9: Geographic Range and Location of Nesting Beaches of the Loggerhead Sea Turtle in the North Pacific Ocean
Source: Marquez (1990). Nesting locations obtained by permission from the SWOT database.
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6.6 OLIVE RIDLEY SEA TURTLE (LEPIDOCHELYS OLIVACEA)
6.6.1 Description

The olive ridley is a relatively small, hard-shelled sea turtle, with adults averaging 100 lbs. (45 kg) and
22-31in. (55-80 cm). It is named for its olive green, heart-shaped top shell. The olive ridley is known as
an open ocean species but can also be found in coastal areas. It is found in tropical waters of the south
Atlantic, Indian, and Pacific Oceans.

6.6.2 Status and Management

The Pacific Mexican nesting population of the olive ridley has been classified as endangered due to
extensive overharvesting of olive ridleys in Mexico, which caused a severe population decline (National
Marine Fisheries Service and U.S. Fish and Wildlife Service 1998f). Before this commercial exploitation,
the olive ridley was 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). Today, this population appears to be stable or increasing (National Marine Fisheries Service and
U.S. Fish and Wildlife Service 2007e), although the decline of the species continues at several important
nesting beaches in Central America. All other populations of olive ridleys, including major aggregations
in Central America in the eastern Pacific and India in the eastern Indian Ocean, are designated as
threatened (National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007e). Critical habitat
has not been designated for the olive ridley.

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
2007e). Based on genetic data, the worldwide olive ridley population is composed of four main lineages:
east India, Indo-Western Pacific, eastern Pacific, and Atlantic (Bowen et al. 1998; Shankar et al. 2004).
Furthermore, genetic diversity of the eastern Pacific subpopulation nesting on the Baja California
Peninsula may indicate that this population should be considered as a distinct management unit (Lopez-
Castro and Rocha-Olivares 2005).

6.6.3 Population and Abundance

The olive ridley is the most abundant sea turtle in the world (Pritchard 1997) and the most abundant sea
turtle in the open ocean waters of the eastern tropical Pacific Ocean (Pitman 1990). They nest in nearly
60 countries worldwide, with an estimated 800,000 females nesting annually (National Marine Fisheries
Service 2012c). This is a dramatic decrease over the past 50 years, as the population from the five
Mexican Pacific beaches previously had been estimated at 10 million adults (Cliffton, Cornejo, and Felger
1995). 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). The olive ridley is scarce
throughout the western Pacific (Pritchard and Plotkin 1995), and is considered a rare visitor to the MRA
Study Area, with no known nesting beaches in the north Pacific.

The second most globally important nesting area for olive ridleys occurs in the eastern Pacific, along the
west coast of southern Mexico and northern Costa Rica, with stragglers nesting as far north as southern
Baja California (Fritts, Stinson, and Marquez 1982) and as far south as Peru (Brown and Brown 1995). Of
the 160,000 olive ridleys nesting annually in Mexico, only three nests occurred in northern Baja and 71
in southern Baja, with the rest of this population nests on mainland beaches (National Marine Fisheries
Service and U.S. Fish and Wildlife Service 1998f). Individuals regularly occur in waters as far north as
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California and as far south as Peru, spending most of their lives in the oceanic zone (National Marine
Fisheries Service and U.S. Fish and Wildlife Service 2007e). At-sea abundance surveys conducted via five
ship-board line transects along the Mexican and Central American coasts between 1992 and 2006
provided an estimate of 1.39 million turtles in the region, consistent with the increases seen on the
eastern Pacific nesting beaches between 1997 and 2006 (National Marine Fisheries Service and U.S. Fish
and Wildlife Service 2007e). According to an analysis of nesting beach information, the endangered
population of the Pacific coast of Mexico appears to be stable or increasing.

The largest olive ridley population occurs on three arribada beaches in Orissa, on India’s east coast,
where 150,000-200,000 females nest each year (Shankar et al. 2004). The nesting population nearest to
the MRA Study Area occurs in Brunei, with an estimated 300 turtles nesting annually (The SWoT Team
2010). Data are inadequate for determining trends of any of the Indian and western Pacific olive ridley
populations (National Marine Fisheries Service 2012a).

6.6.4 Biology, Ecology, and Behavior

Predator/Prey Interactions. Olive ridley turtles are primarily carnivorous throughout all life stages. 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; Marquez 1990; Mortimer
1995; Polovina et al. 2004).

Predators of olive ridleys vary according to turtle location and size. Land-based 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 the
primary predators of juvenile and adult turtles (Stancyk 1982).

Life History. Little is known about the age and sex distribution, growth, birth and death rates, and
immigration and emigration of olive ridleys. 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, although sightings are relatively rare. The median age to sexual maturity is 13 years, with a
range of 10-18 years (Zug, Chaloupka, and Balazs 2006).

Olive ridleys use two types of nesting strategies. At 18 locations around the world, they conduct annual
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 ridleys emerge over a
period of a few days. In the eastern Pacific, arribada nesting occurs throughout the year, although it
peaks from September to December (Fretey 2001). Arribadas occur on several beaches in Mexico,
Nicaragua, Costa Rica, and Panama. Olive ridleys 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 2007e). Solitary nesting
occurs in at least 46 countries throughout the world (Kalb and Owens 1994), including along nearly the
entire Pacific 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 miles (1,850 km) from the nearest mainland (Pitman 1990).
Arribadas usually last from three to seven 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 two clutches per
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nesting season, averaging 105 eggs at 15- to 17-day intervals for lone nesters and 28-day intervals for
mass nesters (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998f; Plotkin, Byles,
and Owens 1994). Studies show that females nesting in arribadas remain within 3 miles (5 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 an ounce (less than 28 g) and measuring about 1.5 in. (3.8 cm).

Migration. The Pacific population migrates throughout the Pacific, from their nesting grounds in Mexico
and Central America to the North Pacific (National Marine Fisheries Service and U.S. Fish and Wildlife
Service 2007e). The post-nesting migration routes of olive ridleys tracked via satellite from Costa Rica
traversed thousands of km of deep oceanic waters from Mexico to Peru, and more than 1,865 miles
(3,000 km) out into the central Pacific (Plotkin, Byles, and Owens 1994). Tagged turtles nesting in Costa
Rica were recovered as far south as Peru, as far north as Oaxaca, Mexico, and offshore to a distance of
1,080 nm (2,000 km) (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998f). In
India, tagging data indicates that the Orissa population migrates along the coast from the Bay of Bengal
to Sri Lanka, while others remain in the waters offshore of Orissa (Shankar et al. 2003).

Groups of sometimes more than 100 turtles have been observed as far as 1,620 nm (3,000 km) offshore
of the Mexican Pacific coast at 120° W (Arenas and Hall 1992). Sightings of large groups of olive ridleys
at sea reported by Oliver in 1946 (National Marine Fisheries Service and U.S. Fish and Wildlife Service
1998f) may indicate that turtles travel in large flotillas between nesting beaches and feeding areas
(Marquez 1990). Specific post-breeding migratory pathways to feeding areas do not appear to exist,
although olive ridleys swim hundreds to thousands of km over vast oceanic areas.

Hearing/Vocalization. As research into turtle hearing and vocalization is limited, a general description of
hearing and vocalization is provided in Section 6.1.2, Biology, Life History and Behavior [all turtles].

Diving. Olive ridley sea turtles can dive and feed at considerable depths (260-1,000 ft. [80—300 m])
(National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998f), although only about 10% of
their time is spent at depths greater than 330 ft. (100 m) (Eckert et al. 1986; Polovina et al. 2003). In the
eastern tropical Pacific Ocean, at least 25% of their total dive time is spent between 65 and 330 ft. (20
and 100 m) (Parker et al. 2003). In the North Pacific Ocean, two olive ridleys tagged with satellite-linked
depth recorders spent about 20% of their time within the top meter and about 10% of their time deeper
than 330 ft. (100 m); a daily maximum depth exceeded 490 ft. (150 m) at least once in 20% of the days,
with one dive recorded at 835 ft. (254 m). While olive ridleys are known to forage to great depths, 70%
of the dives from this study were no deeper than 15 ft. (5 m) (Polovina et al. 2003).

6.6.5 Habitat and Distribution

The olive ridley sea turtle is a pantropical species, occurring worldwide in tropical and warm temperate
waters. The olive ridley has a large range in tropical and subtropical regions in the Pacific, and is
generally found between 40° N and 40° S (National Marine Fisheries Service and U.S. Fish and Wildlife
Service 2007e). In the eastern Pacific Ocean, individuals regularly occur in waters as far north as
California and as far south as Peru, spending most of their lives in the oceanic zone (National Marine
Fisheries Service and U.S. Fish and Wildlife Service 2007e). Most reproductively active males and
females migrate to the neritic zone during the breeding season (June to December) and aggregate in the
nearshore waters adjacent to nesting beaches (National Marine Fisheries Service and U.S. Fish and
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Wildlife Service 2007e). Post-breeding migratory pathways to feeding areas do not appear to exist, with
olive ridleys swimming hundreds to thousands of miles over vast oceanic areas.

Most olive ridley sea turtles lead a primarily open ocean existence. Outside of the breeding season, the
turtles disperse, but little is known of their foraging habitats or migratory behavior. Neither males nor
females migrate to one specific foraging area but tend to roam and occupy a series of feeding areas in
the open ocean (Plotkin, Byles, and Owens 1994). Both adult and juvenile olive ridley sea turtles typically
inhabit offshore waters, foraging from the surface to a depth of 490 ft. (150 m) (National Marine
Fisheries Service and U.S. Fish and Wildlife Service 1998f).

Data obtained during tuna fishing cruises from Baja California to Ecuador and from the coast to almost
150°W, indicate that the two most important at-sea areas in the Pacific for the olive ridley are the
Central American coast and the nursery and feeding area off Colombia and Ecuador, where both adults
(mostly females) and juveniles are often seen (National Marine Fisheries Service and U.S. Fish and
Wildlife Service 1998f).

Figure 6-11 shows olive ridley sea turtle nesting sites throughout the Pacific, as provided by turtle
research groups to the State of the World’s Sea Turtles (SWOT) database. With rare exceptions, olive
ridley sea turtles do not nest within the MRA Study Area.

Open Ocean Waters of the MRA Study Area

NORTH CENTRAL PACIFIC GYRE. In the open ocean of the eastern Pacific, olive ridley turtles are often
seen near flotsam, possibly feeding on associated fish and invertebrates (Pitman 1992). The highest
densities of olive ridleys likely occur just south of Hawai‘i. The distribution of the olive ridley in the
central Pacific Ocean is primarily tropical (Polovina et al. 2004). About 18% of the sea turtles incidentally
caught by the Hawai‘i-based longline fishery are olive ridleys (National Marine Fisheries Service and U.S.
Fish and Wildlife Service 1998f). Arenas and Hall (1992) found that 75% of sea turtles associated with
floating objects in the eastern tropical Pacific were olive ridleys, which were present in 15% of the
observations; this suggests that flotsam may provide the turtles with food, shelter, and orientation cues
in an otherwise featureless landscape. Olive ridleys accidentally caught in longline gear between 20 and
30°N that were fitted with satellite tags showed that they remained south of 31°N, generally travelling
between 25 and 10°N (Polovina et al. 2004).

KUROSHIO CURRENT. The olive ridley is considered a rare visitor to the western north Pacific, and no
reports of sightings within the Kuroshio Current have occurred.

EAST CHINA SEA. A few olive ridleys have been caught in the coastal set net fisheries in the eastern
waters of Taiwan (Cheng and Chen 1997), indicating potential presence in the East China Sea, although
the species is rarely seen in the waters of Taiwan.

Coastal Waters of the MRA Study Area

JAPAN ARCHIPELAGO. The olive ridley has been recorded in coastal Japanese waters, but is considered a
rare visitor (Uchida 1994).

MARIANA ARCHIPELAGO. Because olive ridleys are the most abundant species in the Paciifc, and have
been tracked caught in pelagic fisheries as far north as 31°N (Polovina et al. 2004), their occurrence in
these waters is possible, although considered rare.
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CAROLINE ISLANDS. The olive ridley is an infrequent visitor to this area. Only two records have been
found that specifically identify the species in these waters. Falanruw observed a mating pair in M'il
Channel, northwest of Yap, and observed a young juvenile (29 cm) from Lamotrek, in the eastern Yap
District (Eckert 1993).

6.6.6 Species-specific Threats

The major threats to olive ridleys are direct harvest and fishing bycatch. Climate change and marine
debris are growing threats to this and all species of sea turtles (National Marine Fisheries Service 2012a).
Direct harvest of millions of adults and many millions of eggs in the eastern Pacific from the 1950s
through the 1970s led to extirpation of major arribada beaches. While this threat has decreased, legal
and illegal harvest continues (National Marine Fisheries Service and U.S. Fish and Wildlife Service
2007e).

Fisheries operations, particularly near arribada beaches, are a major threat. Olive ridley sea turtles are
caught in offshore gill nets and long lines (Bagarinao 2011). The main cause of mortality of the Indian
Ocean population is incidental catch from illegal gill net and trawl fishing in waters offshore of arribada
beaches, where an estimated 15,000 turtles die each year (Shankar et al. 2004). Because of the
distribution of nesting beaches and at-sea turtles, neither of these major threats occurs within or near
the MRA Study Area. The 1998 recovery plan indicated no primary threats to olive ridleys in the Mariana
Archipelago, Palau, or Yap (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998f).
Longline fisheries operating in the tropical Pacific do take a small number of olive ridleys. The Hawai‘i-
based longline fishery interacts with approximately 25 olive ridleys every year, most of which drown
before they can be released (National Marine Fisheries Service 2012a). International fisheries operating
in the same region likely have similar interaction rates. Predation by the saltwater crocodile is a major
concern for the the Northern Australia nesting aggregation (Whiting and Whiting 2011). Small-scale
fisheries, generally overlooked in bycatch studies, appear to contribute significantly to sea turtle
mortality (Alfaro-Shigueto et al. 2011). For example, olive ridley sea turtles are the most common
bycatch in the recently expanding mahi mahi Costa Rica Pacific longline fishery (Whoriskey, Arauz, and
Baum 2011).
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Figure 6-11: Geographic Range and Location of Nesting Beaches of the Olive Ridley Sea Turtle in the North Pacific Ocean
Source: Marquez (1990). Nesting locations obtained by permission from the SWOT database.
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6.7 LEATHERBACK SEA TURTLE (DERMOCHELYS CORIACEA)
6.7.1 Description

Among the sea turtle species, the leatherback has several unique characteristics. It has a leathery shell
with seven longitudinal ridges that taper to a blunt point. Leatherbacks are the largest sea turtle species,
with adults attaining 6.5 ft. (2 m) in length and 2000 Ibs. (900 kg) (National Marine Fisheries Service and
U.S. Fish and Wildlife Service 1992). The carapace is primarily black, and the underside is primarily
pinkish-white. The front flippers are proportionally longer than those of hard-shelled turtles.
Leatherbacks are the most migratory sea turtles and are able to tolerate colder water temperatures
than other species (Hughes et al. 1998; James and Mrosovsky 2004). The leatherback is also the
deepest-diving sea turtle (Hays, Metcalfe, and Walne 2004). Leatherbacks occur in tropical to temperate
regions of the Atlantic, Indian, and Pacific Oceans. Leatherbacks are known as an open ocean species but
can also be found in coastal waters.

6.7.2 Status and Management

The leatherback turtle is listed as a single population and is classified as endangered under the ESA.
Although National Oceanic and Atmospheric Administration (NOAA) Fisheries and the USFWS believe
the current listing is valid, preliminary information indicates need for an analysis and review of the
species to determine if the distinct population segments policy applies to leatherbacks (National Marine
Fisheries Service and U.S. Fish and Wildlife Service 2007c; Turtle Expert Working Group 2007). This effort
is critical to focus efforts on protecting the species, as the status of individual stocks varies widely across
the world. Most stocks in the Pacific Ocean are faring poorly (nesting populations have declined more
than 80%) (Sarti-Martinez 2000), while western Atlantic and South African populations are generally
stable or increasing (Turtle Expert Working Group 2007). In January 2012, 16,910 square miles of critical
habitat was designated in the Pacific around Point Sur, California, to the 200-m isobath; from Point
Arena to Point Vincente, California, to the 3000-m isobath; and from Cape Flattery, Washington, to Cape
Blanco, Oregon, to the 2,000-m isobath (National Marine Fisheries Service 2012b).

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 2007c; Turtle Expert Working Group 2007) for
at least the last two decades (Gilman 2008; Sarti-Martinez et al. 1996; Spotila et al. 1996; Spotila et al.
2000). Causes for this decline include the near complete harvest of eggs and high levels of death during
the 1980s, primarily in the high seas driftnet fishery, which is now banned (Chaloupka, Dutton, and
Nakano 2004; Eckert and Sarti-Martinez 1997; Gilman 2008; Sarti-Martinez et al. 1996). With only four
major rookeries remaining in the western Pacific and two in the eastern Pacific, the Pacific leatherback is
at extremely high risk of extinction (Gilman 2008).

6.7.3 Population and Abundance

As of 2004, 203 leatherback nesting beaches at 46 countries around the world had been identified
(Dutton 2006), with unidentified sites likely to exist. Leatherback stocks in the Atlantic are faring much
better than those in the Pacific: an estimated 34,000—95,000 adult leatherbacks are in the Atlantic
(Turtle Expert Working Group 2007), and most recent estimates are 2,700—4,500 adult females in the
western Pacific (Dutton et al. 2007; Hitipeuw et al. 2007) and 1,690 nesting females in the eastern
Pacific (Gilman 2008). Long-term monitoring of nesting beaches over the last two to three decades in
Trinidad, Suriname, Guyana, Puerto Rico, Florida, and elsewhere indicates nesting population increases,
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sometimes by an order of magnitude or more in the western Atlantic, while other colonies in the region
(Caribbean Costa Rica, Nicaragua, Honduras, and other locations) may be stable or slightly declining. In
Suriname, the annual count of leatherback nests has increased from less than 300 in the late 1960s to
30,000 nests in 2001 (Turtle Expert Working Group 2007), although a recent review of the data may
indicate that the nesting population has been stable since the early 1980s. This count correlates to a
minimum of 1,500 to 5,500 annually nesting females. The recent discovery of a large nesting population
in Gabon in the eastern Atlantic has improved overall worldwide outlook, although populations in the
Pacific, specifically in the South China Sea and East Pacific, have undergone catastrophic collapses
(Turtle Expert Working Group 2007).

Genetic studies (Dutton 2006) indicate that the western Pacific population that nests in Indonesia,
Papua New Guinea, Solomon Islands, and Vanuatu (Dutton et al. 1999; Dutton et al. 2007) is distinct
from the Eastern Pacific population that nests in Mexico and Costa Rica, Panama, Colombia, Ecuador,
and Nicaragua (Chaloupka, Dutton, and Nakano 2004; Dutton et al. 1999; Eckert and Sarti-Martinez
1997; Mérquez 1990; Sarti-Martinez et al. 1996; Spotila et al. 1996). A third Malaysian population is now
considered functionally extinct (Chan and Liew 1996).

Post-nesting females of the eastern Pacific population migrate southward into southern Pacific foraging
grounds, while the western Pacific population migrates through the MRA Study Area to preferred
foraging habitat off the coast of California (Benson et al. 2011). There are 28 known nesting sites for the
western Pacific stock, with 5,000-9,100 leatherback nests laid annually across the western tropical
Pacific (Chaloupka, Dutton, and Nakano 2004; Chua 1988; Dutton 2006; Hirth, Kasu, and Mala 1993;
Suarez, Dutton, and Bakarbessy 2000). While nesting is widespread, 75% of the nesting occurs on the
northwest coast of Papua Barat, Indonesia (Hitipeuw et al. 2007).

6.7.4 Biology, Ecology, and Behavior

Predator/Prey Interactions. Leatherbacks lack the crushing/chewing plates characteristic of sea turtles
that feed on hard-bodied prey (National Marine Fisheries Service 2012c). Instead, they have pointed
tooth-like cusps and sharp-edged jaws perfectly adapted for a diet of soft-bodied prey, such as jellyfish
and salps (Bjorndal 1997; Grant and Ferrell 1993; James and Herman 2001; National Marine Fisheries
Service and U.S. Fish and Wildlife Service 1992; Salmon, Jones, and Horch 2004). Leatherbacks feed from
the surface as well as in deep water, diving to 4,035 ft. (1,230 m) (Davenport 1988; Eckert, Eckert,
Ponganis, et al. 1989; Eisenberg and Frazier 1983; Grant and Ferrell 1993; Hays et al. 2004; James,
Myers, and Ottensmeyer 2005; Salmon, Jones, and Horch 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, Eckert, Ponganis,
et al. 1989; Eckert et al. 1986). Whether this type of foraging is widespread among leatherbacks is
unknown (Eckert, Eckert, Ponganis, et al. 1989). Those studying known feeding grounds have observed
leatherbacks foraging on jellyfish at the surface (Grant and Ferrell 1993; James and Herman 2001;
Starbird, Baldridge, and Harvey 1993).

Predators of leatherbacks 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 the
primary predators of juvenile and adult turtles (Stancyk 1982).
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Life History. Leatherback hatchlings are approximately 2 to 3 in. (5 to 7.6 cm) long and weigh
approximately 1.4—1.8 ounces (40-50 g). Individuals with a curved shell length of less than 57 in. (145
cm) are considered juveniles (Eckert 2002; National Marine Fisheries Service 2001).

Leatherbacks are likely the fastest developing of all sea turtle species, reaching adulthood at 13-14
years (range 2—22 years) (Turtle Expert Working Group 2007; Zug and Parham 1996), and can live 30
years or more (Sarti-Martinez 2000).

The leatherback’s important distinction from other turtle species in anatomy and metabolism
(Bradshaw, McMahon, and Hays 2007; Goff and Stenson 1988; Greer, Lazell, and Wright 1973;
Mrosovsky and Pritchard 1971; Neill and Stevens 1974; Paladino, O'Connor, and Spotila 1990) allows
them to maintain a core body temperature higher than that of the surrounding water, thereby allowing
them to tolerate colder waters (Frair, Ackman, and Mrosovsky 1972; James and Mrosovsky 2004). As
juveniles increase in size, this ability is enhanced, allowing leatherbacks to expand their ranges into the
cooler waters (Eckert 2002).

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).
Typical clutches are 50 to more than 150 eggs, with the incubation period lasting around 65 days.
Females remain in the general vicinity of the nesting habitat for their breeding period, which can last up
to 4 months (Eckert, Eckert, Adams, et al. 1989; Keinath and Musick 1993), although they may nest on
several islands in a chain during a single nesting season (Pritchard 1982). Mating is thought to occur
before or during the migration from temperate to tropical waters (Eckert and Eckert 1988).

Migration. The leatherback is the most oceanic and wide-ranging of sea turtles, undertaking extensive
migrations along distinct depth contours for hundreds to thousands of km (Hughes et al. 1998; Morreale
et al. 1996). Both trans-Atlantic (Billes et al. 2006; Ferraroli et al. 2004; Hays et al. 2006; Hays, Houghton,
and Myers 2004) and trans-Pacific movements have been reported (Benson et al. 2007). After they nest,
female leatherbacks migrate from tropical waters to more temperate latitudes, which support high
densities of jellyfish in the summer. Late juvenile and adult leatherback turtles are known to range from
mid-ocean to the continental shelf and nearshore waters (Grant and Ferrell 1993; Schroeder and
Thompson 1987; Shoop and Kenney 1992), foraging within coastal areas in temperate waters and within
offshore areas in tropical waters (Frazier 2001). Their movements appear to be linked to the seasonal
availability of their prey and requirements of their reproductive cycle (Collard 1990; Davenport and
Balazs 1991). Turtles nesting in Indonesia and Papua New Guinea migrate through waters of Malaysia,
Philippines, and Japan, across the Pacific past Hawai‘i, to foraging grounds in temperate waters off
Washington, Oregon, and California (Benson et al. 2007; Benson et al. 2011)—swimming a distance of
6,385 miles (10,275 km) in a single year. Satellite data have identified an important migratory corridor
from Central California to south of the Hawaiian Islands and on to western Pacific nesting beaches
(Benson et al. 2007; Benson et al. 2011).

Hearing/Vocalization. As research into turtle hearing and vocalization is limited, a general description of
hearing and vocalization is provided in Section 6.1.2, Biology, Life History and Behavior [all turtles].

Diving. Eighty percent of the leatherback’s time at sea is spent diving (Fossette et al. 2007). The
leatherback is the deepest diving sea turtle, with recorded depths of at least 4,035 ft. (1,230 m) (Hays,
Metcalfe, and Walne 2004), although most dives are much shallower (usually less than 655 ft. [200 m])
(Hays et al. 2004; Sale et al. 2006). Leatherbacks spend most of their time in the upper 215 ft. (65 m) of
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the water column (Jonsen, Myers, and James 2007). Diving is influenced by many factors, including
water temperature, and local availability and vertical distribution of food resources, resulting in
variations in dive times and distances (James et al. 2006; Sale et al. 2006).

The dive time limit for the leatherback is estimated at between 33 and 67 minutes (Hays et al. 2004;
Hays, Metcalfe, and Walne 2004; Southwood et al. 1999), with typical durations of 6.9 to 14.5 minutes
(Eckert et al. 1996). During migrations or long-distance movements, leatherbacks travel within 15 ft.
(5 m) of the surface (Eckert 2002), making scouting dives to sample prey density and to feed on
whatever is available (James et al. 2006; Jonsen, Myers, and James 2007).

In warm waters, leatherbacks dive deeper and longer (James, Myers, and Ottensmeyer 2005), spending
only short periods at the surface between dives (Eckert et al. 1986). While diving in colder waters,
sometimes just above freezing, leatherbacks make shorter dives and spend up to 50% of their time at or
near the surface (James et al. 2006; Jonsen, Myers, and James 2007).

6.7.5 Habitat and Distribution

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). Some evidence indicates that leatherbacks are associated with
oceanic front systems, such as shelf breaks and the edges of oceanic gyre systems, where their prey is
concentrated (Eckert 1993).

Leatherbacks whose shell length is less than 40 in. (100 cm) must be in waters at least 79°F (26°C),
restricting their habitat primarily to the tropics (Eckert 2002; Sarti-Martinez 2000). They are not
considered to associate with sargassum (floating seaweed) or other floating material in the open ocean,
as is the case for all other sea turtles (National Marine Fisheries Service and U.S. Fish and Wildlife
Service 1992). Upwelling areas, such as equatorial convergence zones, serve as nursery grounds for
hatchling and early juvenile leatherbacks, as these areas provide a good supply of prey (Musick and
Limpus 1997).

Nesting leatherbacks prefer wide sandy beaches backed with vegetation (Eckert 1987; Hirth and Ogren
1987). In the water, they prefer steep drop-offs or mudbanks without coral or rock formations (Turtle
Expert Working Group 2007). For both the western and eastern Pacific 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, Dutton, and
Nakano 2004).

The leatherback turtle is distributed circumglobally in tropical, subtropical, and warm-temperate waters
throughout the year and into cooler temperate waters during warmer months (James, Myers, and
Ottensmeyer 2005; National Marine Fisheries Service and U.S. Fish and Wildlife Service 1992) as far
north as Alaska (60° N) (National Marine Fisheries Service and U.S. Fish and Wildlife Service 1998d). The
leatherback is the most oceanic and wide-ranging of sea turtles, undertaking extensive migrations along
distinct depth contours for hundreds to thousands of km (Hughes et al. 1998; Morreale et al. 1996).
Adult leatherback turtles forage in temperate and subpolar regions in all oceans and migrate to tropical
nesting beaches between 30°N and 20°S (The SWoT Team 2006).
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Leatherbacks have a wide nesting distribution, primarily on isolated mainland beaches in tropical
(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, such as the Greater and Lesser Antilles. Leatherback nesting in
the Indian Ocean occurs in South Africa/Mozambique, Andaman and Nicobar Islands (India), Sri Lanka,
and previously in Malaysia (Turtle Expert Working Group 2007). Leatherbacks nest from the
southeastern U.S. to southern Brazil in the western Atlantic Ocean and from Mauritania to Angola in the
eastern Atlantic Ocean (Spotila et al. 1996). The most significant nesting beaches in the world are at
French Guiana and Suriname in the western Atlantic Ocean, and at Gabon in the eastern Atlantic Ocean
(Spotila et al. 1996; The SWoT Team 2007).

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 et al. 1999). Post-nesting adult
leatherbacks appear to migrate along seafloor contours, from 650 to 11,500 ft. (200 to 3,500 m)
(Morreale et al. 1996), and most of the eastern Pacific nesting stocks migrate into the south Pacific
ocean (Dutton unpublished data).

Figure 6-12 shows leatherback sea turtle nesting sites throughout the Pacific, as provided by turtle
research groups to the State of the World’s Sea Turtles (SWOT) database. Leatherback sea turtles do not
nest within the MRA Study Area.

Open Ocean Waters of the MRA Study Area

NORTH CENTRAL PACIFIC GYRE. Few quantitative data are available concerning the seasonality,
abundance, or distribution of leatherbacks in the central North Central Pacific Gyre province. Satellite
tracking studies and occasional incidental captures of the species in the Hawai‘i-based longline fishery
indicate that deep ocean waters are the preferred habitats of leatherback turtles in the central Pacific
Ocean. The primary migration corridors for leatherbacks are across the North Pacific Gyre, with the
eastward migration route apparently north of the westward migration (Benson et al. 2011).

KUROSHIO CURRENT. Four of six females that nested in August in Indonesia travelled north into the
Kuroshio Extension, arriving between November and April. Of 126 satellite-tagged leatherbacks, these
were the only ones that exhibited a northward movement from the nesting grounds (Benson et al.
2011). Based on these recent data, and the current declining population trend for the western Pacific
population, leatherbacks can be expected in the Kuroshio Current, but very infrequently.

EAST CHINA SEA. Satellite data indicate that leatherbacks have entered the East China Sea, but as this is
not a suitable foraging habitat, and leatherbacks are rare visitors to the area (Benson et al. 2011). In the
southern part of the East China Sea, between Taiwan and mainland China, leatherbacks have been
reported feeding during the autumn jellyfish reproduction season (Chan et al. 2007).

Coastal Waters of the MRA Study Area

Given the low probability of leatherbacks occurring in the region at all, presence in the coastal waters of
the Japan Archipelago, Mariana Archipelago, and the Caroline Islands is even less likely. Based on
density studies across the Pacific, none of these areas at any time of the year is considered high-use
(meaning multiple turtles or single individuals expected to inhabit the area for a prolonged period)
(Benson et al. 2011).
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JAPAN ARCHIPELAGO. Two leatherback nesting events have been recorded in Japan, with the first
recording in 2001 (Hamann, Limpus, and Kamezaki 2006). Stranded leatherbacks have occurred on both
the Pacific and Sea of Japan coasts, and one satellite-tagged leatherback was tracked into Japanese
waters. Leatherbacks have been caught in fisheries of the Ogasawara Islands as well, indicating
migration into Japanese waters (Hamann, Limpus, and Kamezaki 2006).

MARIANA ARCHIPELAGO. The thorough assessment of the status of leatherbacks made no mention of
their occurance in the Marianas Archipelago (The SWoT Team 2006). The NOAA and USFWS 5-year
review (National Marine Fisheries Service and U.S. Fish and Wildlife Service 2007c) also made no
mention of leatherbacks in the region.

CAROLINE ISLANDS. While leatherbacks conduct extensive migrations from Indo-Pacific nesting beaches
across the Pacific basin to foraging grounds off California, Oregon, and Washington, satellite telemetry
data indicate that the most common pathway is between 0° and 10°N (Benson et al. 2011), indicating a
potential for their occurrence in the waters of the Caroline Islands.

6.7.6 Species-specific Threats

The two primary threats to leatherbacks are harvest of eggs and nesting females, and incidental capture
in fishing gear (National Marine Fisheries Service 2012a). The most common gear impacting
leatherbacks is gillnets, although leatherbacks are also caught in trawls, traps, pots, longlines, and
dredges. Long-term harvest of eggs and fisheries interactions have been determined the primary causes
of the functional extinction of the Malaysian population, which was the largest population in the world
in the 1950s (Chan and Liew 1996). These threats remain at all western Pacific rookeries, and are
contributing to the ongoing decline of this population.

REPTILES 6-50



MARINE RESOURCE ASSESSMENT FOR THE JAPAN AND MARIANA ARCHIPELAGOS SEPTEMBER 2013
12?“5 13(|)°E 14(l)°E 15(')°E 16(')°E 17(I)°E 18I0” 170|"W 160"’W 150l°W 140I°W 130I°W 120|"W 110'“W
4 | -
] i B
z ] ! [ - Legend
37 | )
1 I === " | [JvrAstudy Area
i 5 : = - I c@g’s . .
| T e & =" | ———- International Dateline
: ' {
= [ Z
o] ~o
i e Leatherback Sea Turtle
| : , B Dermochelys coriacea
] Russia E
=  Nesting Location of D. coriacea
£ By Geographic Range of D. coriacea
1 Canada L 3
z ] [ =
237 C3
1 Mongolia China g )
I P i
Z Pacific Ocean United States L2
R i
z] W Z
1 Midway Islands E 5 -
] Mexico I
z ] Tt 2Lz
] Wake Island Hawaii -5
1 Philippines Johnston Atoll 5
] o) [
02_:35”3“\"1?:';':% ¥ Ph”[ppme ’ . Clipperton Island :..OZ
21 /Z = Sea . 5 T [ 2
R /W.k ’ Palau % - Maishall Islands Kingman Reef -
]hialaysia'}r R i
] ' Kiribati -
o Howiand Island o
2 ; Nauru - Jarvis Island -o N
: B : \ E A
d Papua New Guinea m . Tuvalu \ |
] SOV S et N T olau .. Lo 1:50,000,000
o= ‘ Solomon'Islands ) \ 'R -
< e o S - < 0 125250 500 750 1,000
JAshmore and Cartier Islands - N B L=
] Yy Wallis and Futuna samoa ’ i Nautical Miles
i — < &) American Samoa e |
E Coral Sea Islands Vanuaos S e K - Data Sources: See figure caption for references
] [} | French Polynesia 2 B to data sources used to develop this map.
gD_- : Y V' I Niue - _Y
& ¥ Australia New\aie’d‘(\)nia Tonga : Cook Islands 5 i |
X .
4 * I |
1 i = i
7 I Dl slance B Coordinate System: WGS 1984
120°E 130°E 140°E 150°E 160°E 170°E 180° 170°W 160°W 150°W 140°W 130°W 120°W 110°W
Figure 6-12: Geographic Range and Location of Nesting Beaches of the Leatherback Sea Turtle in the North Pacific Ocean
Source: Marquez (1990). Nesting locations obtained by permission from the SWOT database.
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6.8 SALTWATER CROCODILE (CROCODYLUS POROSUS)
6.8.1 Description

The saltwater crocodile, known as ius in Palau, is approximately 30 cm upon hatching and grows to 11 ft.
(3.3 m). This species is genetically the same as the geographically widespread saltwater crocodile that
occurs from Sri Lanka, eastern Indian coast, throughout Indonesia, the Philippines, Borneo, Papua New
Guinea, and Northern Australia (Brazaitis et al. 2009). While emigration to Palau from other population
centers must occasionally occur (i.e., a population exists in Palau), the closest populations are
approximately 500 nm (926 km) away in the Philippines and Papua New Guinea, indicating that Palau
has an isolated population. It is the largest living reptile, with adult males weighing as much as 2,200 Ibs.
(1,000 kg), although the Palauan population is substantially smaller, with the largest male measured in
the most recent survey approximately 7.2 ft. (2.2 m) and 88 Ibs. (40 kg). Young crocodiles are generally
brightly colored yellow above and on the sides, changing to a spotted black with some yellow at about
4.9 ft. (1.5 m).

6.8.2 Status and Management

The conservation status of the global population of the saltwater crocodile is least concern
(International Union for Conservation of Nature [IUCN]), while the Palau population, due to its isolation
from other populations, was listed as endangered in 1979 under the ESA (U.S. Fish and Wildlife Service
1979). Critical habitat has not been designated, and a conservation plan has not been developed for the
species. Palau is home to the only population of saltwater crocodiles in Micronesia (Matthews 2003). No
Palauan laws prohibit killing of crocodiles (Matthews 2003).

6.8.3 Population and Abundance

Between 1967 and 1976, commercial hunting decimated the Palauan population from as many as 5,000
to tens of animals. A survey conducted 12 years after it was listed as endangered and 10 years after the
last commercial hunting occurred estimated the entire Palauan population at approximately 150 animals
(Messel and King 1991). The most recent survey, conducted in 2003, estimated the population at 500 to
750 crocodiles of all class sizes (except new hatchlings) throughout Palau, primarily on the main island of
Babeldoab. This correlates to a density of 0.44 crocodiles per km observed over a 64 mile (103-km)
length of mangrove-dominated Palauan coastline (Brazaitis et al. 2009). The carrying capacity of all size
classes except hatchlings is estimated at 5,670.

6.8.4 Biology, Ecology, and Behavior

Generally, saltwater crocodiles are active and hunt prey during the night hours, and are rarely observed
during the daylight hours. They first emerge from their daytime hiding immediately after sunset. While
adult crocodiles feed on animals of all sizes, juveniles hunt for crabs and other crustaceans in the
mangrove swamps and for reef fish in the nearshore reefs (Matthews 2003). Saltwater crocodiles can
swim at 15 to 18 miles per hour (mph) (6.7 to 8.0 m/second [m/s.]) in short bursts, but when cruising
they go at 2 to 3 mph (0.9 to 1.3 m/s.). Nesting season in Palau is from June through September
(Brazaitis et al. 2009).
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6.8.5 Habitat and Distribution

The saltwater crocodile is found in inland lakes, swamps and marshes, coastal brackish waters, and tidal
sections of rivers. In Palau, an extensive coastal mangrove habitat (38 square kilometers) and 207 km of
creeks and rivers provides extensive inland habitat, while a healthy coral reef ecosystem provides a wide
variety of food for the population (Brazaitis et al. 2009). While distributed throughout Palau, the
crocodile population is more concentrated where mangroves are a primary component of the habitat. In
the ocean, particularly high densities occur in Tayo Bay and nearby coast, the mangrove-dominated
Ngkeklau coast, and the Airai coast. Inland, grassy, freshwater wetlands are used for nesting, particularly
Ngardok Lake and its associated watershed.

6.8.6 Species-specific Threats

The 1965 killing of a Palauan fisherman by a crocodile led the Trust Territory government to institute a
program to remove all crocodiles from Palau (Matthews 2003). This led to commercial hunting and
trapping program for their skins in the 1960s and 1970s, which decimated the local population.
Commercial hunting was revived between 1979 and 1981, when as many as 1,000 crocodiles were killed
(Brazaitis et al. 2009). Despite this extensive hunting over several decades, a viable population persists,
indicating strong resiliency in this population. Today, the government is preparing a conservation and
nuisance crocodile program that will allow the species to coexist with the human population (Brazaitis et
al. 2009).
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7.0 SEABIRDS

7.1 Introduction

Seabirds are a diverse group that are adapted to living in marine environments (Enticott and Tipling
1997) and use coastal waters (nearshore), offshore waters (continental shelf), open ocean areas, and
inland nesting sites (Harrison 1983). There are many biological, physical, and behavioral adaptations that
are different for seabirds than for terrestrial birds. Seabirds typically live longer, breed later in life, and
produce fewer young than other bird species (Onley and Scofield 2007). The feeding habits of seabirds
are related to their individual physical characteristics, such as body mass, bill shape, and wing area
(Hertel and Ballance 1999; Spear and Ainley 1998). Some seabirds look for food (forage) on the sea
surface, whereas others dive to variable depths to obtain prey (Burger 2001). Many seabirds spend most
of their lives at sea and come to land only to breed, nest, and occasionally rest (Schreiber and Chovan
1986). Most species nest in groups (colonies) on flat coastal area, rocky crevices, and cliffs of coastal or
oceanic islands, where breeding colonies number from a few individuals to thousands. This breeding
strategy is believed to have evolved in response to the limited availability of relatively predator-free
nesting habitats and distance to foraging sites from breeding grounds (Siegel-Causey and Kharitonov
1990).

Seabirds are found throughout the MRA Study Area for the Japan and Mariana Archipelagos (the MRA
Study Area) Harrison (1990). This section provides profiles of Endangered Species Act (ESA)-listed and
ESA-candidate species, a list of species protected under the Migratory Bird Treaty Act (MBTA) and
considered by the U.S. Fish and Wildlife Service (USFWS) to be Birds of Conservation Concern, and a
general description of major species groups of birds in the MRA Study Area.

7.1.1 Global Distribution and Preferred Habitat

Pacific seabirds are characteristically different but can be numerous. Some seabirds migrate great
distances across the Pacific Ocean, while others concentrated in restricted areas (Pacific Seabird Group
2012). In the North Central Pacific Gyre, the Hawaiian Islands are an important habitat for marine birds.
The shoreline, estuarine, and open ocean environments support a variety and large populations of bird
species by providing important nesting and feeding habitats as well as migration corridors. The Hawaiian
Islands are in the warm North Pacific water mass (U.S. Fish and Wildlife Service 2005a). Recent research
estimates that 15 million seabirds inhabit the Hawaiian Islands; 22 species of marine birds regularly nest
in the Hawaiian Islands, and many more pass through during migration to and from their breeding
grounds elsewhere in the Pacific (Birding Hawaii 2004).

Seabirds are found in localized areas in which sufficient food and adequate sea conditions are available,
resulting in a heterogeneous distribution, over what appears to be a homogenous environment
(Harrison 1990). Primary factors affecting seabird production include local water temperature and
upwelling that in turn serve to concentrate prey near the water surface.

7.1.2 Biology, Life History, and Behavior

Hearing and Vocalization. The majority of the published literature on bird hearing focuses on terrestrial
birds and their ability to hear in air. Thiessen (1958) reported a hearing threshold for the ring-billed gull
(Larus delawarensis) of 2 kilohertz (kHz). Starlings (Sturnus vulgais) and house sparrows (Passer
domesticus) have reported hearing ranges of 0.2 to 18 kHz (Brand and Kellogg 1939; Summers-Smith
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1963). Using cochlear potentials, Wever et al. (1969) reported a hearing sensitivity range of 0.1 to 15
kHz for the blackfooted penguin (Spheniscus demersus) with best sensitivity in the region of 0.6 to 4 kHz.
Birds do not hear at frequencies higher than the normal human hearing limit of 20 kHz (Bomford and
O'Brien 1990; The Acoustical Society of America and The Acoustical Society of Japan Joint Meeting
1978).

There is little published literature on the hearing abilities of birds underwater. Melvin and Parrish (2001)
tested the reduction of seabird bycatch through auditory and visual means. Auditory deterrents
consisted of acoustic pingers that emitted a 1.5 kHz (+ 1 kHz) frequency signal at 120 decibel (dB) re 1
micropascal (Pa) with a pulse rate of 300 milliseconds every 4 seconds. A 50 percent (%) reduction in
common murre (Uria aalge) bycatch for gillnets was reported with the use of these auditory deterrents.
However, there was no significant reduction in rhinoceros auklet (Cerorhinca monocerata) bycatch in
the same nets with the use of auditory deterrents. The auklets responded to visual deterrents. The
difference in species reaction to the pingers potentially indicates species specific reaction to sound
production or differing secondary reaction to the altered behavior of the prey species (sockeye salmon)
due to the emitted sounds.

Diving and Foraging Behavior. Most seabirds feed by hovering and plunging quickly into the water after
prey, or skimming the water’s surface while hovering; however, foraging strategies are species specific.
Plunge-diving, as utilized by terns and pelicans, is a foraging strategy in which the bird hovers over the
water and dives into the water to pursue fish. Diving behavior in terns is limited to plunge-diving during
foraging (Tremblay et al. 2003) and, in general, tern species do not usually dive deeper than 3 feet (ft.)
(0.9 meters [m]). Pursuit divers, a common foraging strategy of alcids, usually float on the water and
dive under, propelling themselves by beating their wings to pursue fish and other prey. They most
commonly eat fish, squid, and crustaceans (Baird 1993).

7.1.3 Global Threats and Management

Threats to seabird populations include human-caused stressors such as incidental mortality from
interactions with commercial and recreational fishing gear, predation by introduced and native species,
disturbance and degradation of nesting areas by humans and domesticated animals, noise pollution
from construction and other human activities, nocturnal collisions with power lines and artificial lights,
and pollution, such as that from oil spills and plastic items (Anderson et al. 2007; Burkett et al. 2003;
California Department of Fish and Game 2010; Carter and Kuletz 1995; Carter et al. 2005; Clavero et al.
2009; International Union for Conservation of Nature and Natural Resources 2010; North American Bird
Conservation Initiative 2010; Piatt and Naslund 1995; U.S. Fish and Wildlife Service 2005a, 2008a,
2010b). Disease, volcanic eruptions, storms, and harmful algal blooms are additional threats to seabirds
that can occur outside of direct anthropogenic influence (Anderson et al. 2007; Finkelstein et al. 2010;
Jessup et al. 2009; North American Bird Conservation Initiative 2010; U.S. Fish and Wildlife Service
2005a). In addition, seabird distribution, abundance, breeding, and other behaviors are affected by
cyclical environmental events, such as the El Nifio Southern Oscillation and Pacific Decadal Oscillation in
the Pacific Ocean (Vandenbosch 2000).

In the long term, climate change could be the largest threat to seabirds (North American Bird
Conservation Initiative 2010). Climate change effects include changes in air and sea temperatures, in
precipitation, in the frequency and intensity of storms, and in sea level. These changes could affect
overall marine productivity, which could affect the food resources, distribution, and reproductive
success of seabirds (Aebischer, Coulson, and Colebrook 1990; Congdon et al. 2007). The projection for
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global sea level rise from 2090-2099 is up to 1 ft. (0.3 m) relative to 1980-1999 levels (Church and
White 2006; Solomon et al. 2007). As a result, seabird nesting colonies that occur along sections of
coastlines undergoing sea level rise may experience a loss of nesting habitat (Congdon et al. 2007;
Gilman and Ellison 2009; Gilman et al. 2008; Hitipeuw et al. 2007; Mullane and Suzuki 1997).

Additional information on the biology, life history, and conservation of seabird species, including
species-specific profiles, can be found on the following organizations’ websites: U.S. Fish and Wildlife
Service Endangered Species Program (2010b), Birdlife International (2010a), and the International Union
for Conservation of Nature and Natural Resources (2010).

7.2 Species List and Status

One ESA listed seabird species, the short-tailed albatross, occurs regularly within the MRA Study Area.
The status, presence, and nesting occurrence of the ESA-listed species within the MRA Study Area are
listed in Table 7-1. In addition to the short-tailed albatross, there are two additional ESA listed species
included in Table 7-1. They are the Hawaiian petrel (Pterodroma sandwichensis) and the Newell’s
shearwater (Puffinus auriculars newelii) and are considered extralimital within the MRA Study Area.
Three Hawaiian petrels were observed during the 2007 Mariana Islands Sea Turtle and Cetacean Survey
(MISTCS) (U.S. Pacific Fleet/Naval Facilities Engineering Command Pacific 2007). No Newell’s
shearwaters were observed in the Mariana Archipelago during MISTCS, U.S. Pacific Fleet/Naval Facilities
Engineering Command Pacific (2007).

The Japanese murrelet (Synthliboramphus wumizusume) is also included in Table 7-1 as it is known to
occur within the MRA Study Area and is listed by International Union for Conservation of Nature (IUCN)
as “vulnerable” (BirdLife International 2010e) and protected by the Japanese Government. Species
profiles are not included for extralimital and foreign protected species.

Table 7-1: ESA-Listed Seabird Species Found in the MRA Study Area

Species Name and Regulatory Status Ecoregional Presence’

Open Ocean Coastal Waters

Common Name Scientific Name ESA Listing1 IUCN?
S|2(8|lg| =| |0
Short-tailed .
ort-tare Phoebastria albatrus Endangered Vulnerable P(P|P|P]| P - -
albatross
.. Pterod
Hawaiian petrel ero'roma' Endangered Vulnerable - - - - - Ex -
sandwichensis
Newell’s Puffinus auriculars
ff . Threatened Endangered - - - - - Ex -
shearwater newelii
Synthlib h .
Japanese murrelet 4 /‘oramp us Not Listed Vulnerable - P|P| - Ex - -
wumizusume

1Endangered Species Act (ESA) listing status: U.S. Fish and Wildlife Service (20123, b, c).

%International Union for Conservation of Nature (IUCN) status: BirdLife International (2010b, c, d, e).

3Ecoregional presence relates to open ocean and coastal waters of the MRA Study Area. Ecoregional presence in open ocean
waters include: the North Central Pacific Gyre (NCP), the Kuroshio Current (KU), the East China Sea (ECS), and the Philippine
Sea (PS). Ecoregional presence in coastal waters include: nearshore areas of the Japan Archipelago (JA), the Mariana
Archipelago (MA), and the Caroline Islands (Cl). Each species may have a primary range (P) or may be an extralimital (Ex) species
in the area. P" indicates nesting sites.
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7.2.1 Migratory Bird Treaty Act

Seabirds in the MRA Study Area include those listed under the MBTA (U.S. Fish and Wildlife Service
2001). A migratory bird is any species or family of birds that live or reproduce in or migrate across
international borders at some point during their annual life cycle. The MBTA established federal
responsibilities for the protection of nearly all species of birds, eggs, and nests. The Department of
Defense (DoD) is authorized to take migratory birds during military readiness activities necessary for
national defense, however, the DoD must confer and cooperate with USFWS for any such activity that
may have a “significant adverse effect” on a population of migratory bird species (see Chapter 2.0
Applicable Legislation). Of the 1,007 species protected under the MBTA, 54 seabird species occur in the
MRA Study Area (Table 7-2). With the exception of ESA-listed seabirds, these species are presented for
informational purposes but will not be analyzed in further detail.

7.2.2 U.S. Fish and Wildlife Service Birds of Conservation Concern

Birds of Conservation Concern are species, subspecies, and populations of migratory and non-migratory
birds that the USFWS has determined to be the highest priority for conservation actions beyond those
species with an endangered or threatened Federal listing (U.S. Fish and Wildlife Service 2008a). The
purpose of the Birds of Conservation Concern category is to prevent or remove the need for additional
ESA bird listings by implementing proactive management and conservation actions needed to conserve
these species. The USFWS maintains a list of Birds of Conservation Concern (U.S. Fish and Wildlife
Service 2008a). There are 10 species considered Birds of Conservation Concern that occur within the
MRA Study Area (Table 7-2). DoD military readiness activities necessary for national defense are exempt
from prohibitions related to Birds of Conservation Concern. With the exception of ESA-listed seabirds,
these species are presented for informational purposes but will not be analyzed in further detail.

Table 7-2: Migratory Bird Treaty Act Species and Birds of Conservation Concern that Occur within the MRA

Study Area
Birds of
Family/Subfamily Common Name Scientific Name Conservation
Concern

Order PROCELLARIIFORMES
Albatrosses (Family DIOMEDEIDAE)

Laysan albatross Phoebastria immutabilis X

Black-footed albatross Phoebastria nigripes X

Short-tailed albatross Phoebastria albatrus
Petrels and Shearwaters (Family PROCELLARIIDAE)

Northern fulmar Fulmarus glacialis

Kermadec petrel Pterodroma neglecta

Juan Fernandez petrel Pterodroma externa

White-necked petrel Pterodroma cervicalis

Bonin petrel Pterodroma hypoleuca

Black-winged petrel Pterodroma nigripennis

Cook’s petrel Pterodroma cookii

Stejneger’s petrel Pterodroma longirostris

Tahiti petrel Pterodroma rostrata

Bulwer’s petrel Bulweria bulwerii

Streaked shearwater Calonectris leucomelas

Flesh-footed shearwater Puffinus carneipes
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Table 7-2: Migratory Bird Treaty Act Species and Birds of Conservation Concern that Occur within the MRA

Study Area
Birds of
Family/Subfamily Common Name Scientific Name Conservation
Concern
Buller’s shearwater Puffinus bulleri
Short-tailed shearwater Puffinus tenuirostris
Family HYDROBATIDAE
Fork-tailed storm-petrel Oceanodroma furcata
Leach’s storm-petrel Oceanodroma leucorhoa
Band-rumped storm-petrel Oceanodroma castro X
Wedge-rumped storm-petrel Oceanodroma tethys
Matsudaira’s storm-petrel Oceanodroma matsudairae
Tristram’s storm-petrel Oceanodroma tristrami X
Least storm-petrel Oceanodroma microsoma
Order PELECANIFORMES
Family SULIDAE
Masked booby Sula dactylatra X
Brown booby Sula leucogaster X
Red-footed booby Sula sula X
Family PELECANIDAE
| American white pelican | Pelecanus erythrorhynchos
Family PHALACROCORACIDAE
| Pelagic cormorant | Phalacrocorax pelagicus X
Order PHAETHONTIFORMES
Tropicbirds (Family PHAETHONTIDAE)
Red-tailed tropicbird Phaethon rubricauda
White-tailed tropicbird Phaethon lepturus
Order CHARADRIIFORMES
Family LARIDAE
Herring gull Larus argentatus
Slaty-backed gull Larus schistisagus
Glaucous-winged gull Larus glaucescens
Glaucous gull Larus hyperboreus
Black noddy Anous minutus
White tern Gygis alba
Sooty tern Onychoprion fuscatus
Gray-backed tern Onychoprion lunatus
. Little tern Sternula albifrons
Subfamily Caspian tern Hydroprogne caspia X
STERNINAE
Black-naped tern Sterna sumatrana
Royal tern Thalasseus maximus
Great Crested tern Thalasseus bergii
Elegant tern Thalasseus elegans
Gull-billed tern Sterna nilotica X
Family ALCIDAE
Thick-billed murrelet Uria lomvia
Long-billed murrelet Brachyramphus perdix
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Table 7-2: Migratory Bird Treaty Act Species and Birds of Conservation Concern that Occur within the MRA

Study Area
Birds of
Family/Subfamily Common Name Scientific Name Conservation
Concern
Synthliboramphus

Japanese murrelet wumizusume

Ancient murrelet Synthliboramphus antiquus

Parakeet auklet Aethia psittacula

Rhinoceros auklet Cerorhinca monocerata

Horned puffin Fratercula corniculata

Tufted puffin Fratercula cirrhata

Sources: BirdLife International (2010a) and U.S. Fish and Wildlife Service (201043, b).

7.3 Short-tailed albatross (Phoebastria albatrus)
7.3.1 Description

The short-tailed albatross (formerly in the genus Diomedea and known as Steller’s albatross) is the
largest of the North Pacific albatrosses. It is nearly 1.0 m in length with a wingspan of 2.1 to 2.3 m. In
adult plumage, this is the only North Pacific albatross with a white body (Harrison 1983). Adult short-
tailed albatrosses are readily distinguishable from other Pacific albatrosses by their entirely white back
and large bubble-gum pink bill that is strongly hooked at the end. The upper wings are mostly white with
black primaries, primary coverts, secondaries (partially) and tertials. The underwings are mostly white
with narrow black margins. The rump and tail appear white with a black terminal band (Harrison 1983).
They have pale bluish feet and legs (U.S. Fish and Wildlife Service 2012b). Juveniles are entirely dark
brown during their first year but can be distinguished from young black-footed (Phoebastria nigripes)
and Laysan (Phoebastria immutabilis) albatrosses by their large pale bill and pale legs (U.S. Fish and
Wildlife Service 2001). Juveniles go through successive plumage changes until the age of 12, when they
develop the characteristic golden crown and nape of adulthood (Sibley 2000).

7.3.2 Status and Management

The short-tailed albatross is widely regarded as one of the rarest species of albatrosses and one of the
world’s rarest birds (Harrison 1983; International Union for the Conservation of Nature 2010). The short-
tailed albatross is listed as endangered under the ESA throughout its range. No critical habitat has been
designated for this species because little is known about its life cycle in the open ocean (Piatt et al. 2006;
U.S. Fish and Wildlife Service 2000, 2012b). It is also classified as endangered (vulnerable) by the
Ministry of the Environment, Japan (lkemoto et al. 2005).

The translocation of chicks from Torishima Island to Mukojima Island, Japan is the highest priority
recovery action for short-tailed albatross chicks in order to establish a new colony away from volcanic
activity. Decoys and recorded colony calls are being used to attract adult birds to safer colony locations.
Roughly 85% of the global population breeds on loose volcanic ash, which is steep and eroding. Tagging
of birds to delineate the habitat and distribution of the species, including seasonal variation, is being
undertaken by the USFWS Short-tailed Albatross Recovery Team and other partner international and
U.S. partner agencies. Studies focusing on integrated weight line technology, trawl gear interactions,
and the efficiency of fisheries management have enhanced fishing practices to reduce seabird bycatch
and are starting to be implemented in the fisheries (U.S. Fish and Wildlife Service 2009b). According to
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U.S. Fish and Wildlife Service (2009b), if the current rate of population growth continues, the short-
tailed albatross can potentially be delisted by 2033.

Current threats to this species include ingestion of plastics mistaken for food items, volcanic eruption (at
Torishima, Japan), typhoons, sunken longline fishing in Alaska and Russia, jig/troll fishery in Japan,
invasive species at colonies (cats, rats, and plants), and researcher disturbance (U.S. Fish and Wildlife
Service 2005b).

7.3.3 Population and Abundance

The global population of Short-tailed albatross was estimated at 2,572 birds worldwide during the 2008
to 2009 breeding season (U.S. Fish and Wildlife Service 2009a); with statistical models predicting
population increases (Zador, Punt, and Parrish 2008). The short-tailed albatross is known to breed on
two islands, Torishima Island (which is divided into two colonies) and Minami-Kojima, Japan. At
Torishima there were an estimated 418 breeding pairs (836 breeding adults), with a total estimated
population of 1045 adults, including non-breeders. At Minami-Kojima (in the Senkaku Island group,
located northeast of Taiwan) there were an estimated 160 breeding adults (U.S. Fish and Wildlife Service
2009a). The subadult population was estimated at 1,114 birds on Torishima and 213 bids on Minami-
Kojima for 2008 to 2009. The Japan and Taiwan population is growing rapidly at about 7.3% annually
(International Union for the Conservation of Nature 2010; U.S. Fish and Wildlife Service 2005b). Average
population survival rate is 94% (U.S. Fish and Wildlife Service 2009a).

As of 2008, there was at least one breeding pair present on Mukojima Island and 10 transplanted chicks
have successfully fledged from this location (U.S. Fish and Wildlife Service 2008b, 2009b).

7.3.4 Biology, Ecology, and Behavior

Like all albatrosses, short-tailed albatrosses use their long, low drag wings to skim the ocean waves (a
method called dynamic soaring), which allows them to cover great distances with little effort.

Group Size. Albatross generally congregate in large tight flocks at sea in areas where prey densities are
high (U.S. Fish and Wildlife Service 2005b). At least 200 albatrosses have been sighted within the
observation range of a fishing vessel (Piatt et al. 2006). Most sightings of short-tailed albatross flocks
have occurred off the coast of Alaska, and 3% of all observations included large flocks (10-136 birds).
About 75% of the observations were associated with fishing vessels (Piatt et al. 2006).

Predator/Prey Interactions. Short-tailed albatrosses are surface feeders and scavengers, feeding more
inshore than other North Pacific albatrosses. Short-tailed albatrosses feeds at a higher trophic level than
Laysan albatrosses and at a similar level to black-footed albatrosses (Suryan and Fischer 2010). In Japan,
their diet consists of shrimp, squid, and fish (including bonita, flying fish, and sardines)(Suryan et al.
2006; U.S. Fish and Wildlife Service 2005b). Short-tailed albatrosses frequently feed within sight of land.
The Aleutian Islands are a primary foraging destination for this species (Suryan and Fischer 2010; Suryan
et al. 2006). Foraging occurs off the east coast of Honshd, Japan (Suryan et al. 2008). The short-tailed
albatross is known to forage on bait from longline and other marine fisheries, where individuals may
dive underwater to retrieve bait and baited hooks. Suryan and Fischer (2010) identified the diet and
trophic position of P. albatrus through stable isotope value. The data shows that the short-tailed
albatross (along with the Black-footed albatross) obtain most of their nutrients from neritic waters.
Based on the nitrogen levels measured in short-tailed albatross and the overlap of their foraging
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grounds with groundfish fisheries, data indicated that during the nonbreeding season short-tailed
albatrosses may increase their level of foraging on fisheries discards (Suryan and Fischer 2010).

Short-tailed albatross are predated by other birds and introduced mammals such as cats and rats on
nesting colonies (U.S. Fish and Wildlife Service 2005b). The crow (Corvus sp.) is a reported predator of
short-tailed albatross chicks, having taken an estimated 1/3 of the historical Torishima chick population
(Austin 1949). There are reports from Toho University of the Steller’s sea eagle (Haliaeetus pelagicus)
taking short-tailed albatross chicks in the 1960s (U.S. Fish and Wildlife Service (2008b). Steller’s sea
eagle is also known to prey on black-footed albatross chicks, but is not considered a major threat to the
P. albatrus population (U.S. Fish and Wildlife Service 2008b). Sharks are known to prey on albatross
chicks, although this has not been documented for the short-tailed albatross (U.S. Fish and Wildlife
Service 2008b).

Life History. The short-tailed albatross is generally long-lived, with an average lifespan of 12 to 45 years
(U.S. Fish and Wildlife Service 2012b). They are slow to mature (U.S. Fish and Wildlife Service 2005b) and
return to the same breeding site annually (Committee on the Status of Endangered Wildlife in Canada
2003). They begin breeding at age 7 or 8 but do not attain full adult plumage until age 12 (International
Union for the Conservation of Nature 2010; U.S. Fish and Wildlife Service 2001). Nests typically consist
of a sand, grass or moss-lined depression approximately 2.5 ft. in diameter (Tickell 2000). Not all
breeding age birds return to nesting colonies to breed every year; as many as 25% of all breeding age
birds may remain at sea in any given breeding season. Egg laying begins in late October and runs
through early November. Females lay a single egg, which is not replaced if it fails (Austin 1949). Eggs
hatch from late December through early January. In late May through June, adults abandon their nests
and chicks fledge soon after the adults leave the colony (Suryan et al. 2008; U.S. Fish and Wildlife Service
2008b). Most of the breeding information available is based off of patterns observed on Torishima Island
(U.S. Fish and Wildlife Service 2008b).

The majority of short-tailed albatrosses breed on islands south of Japan (International Union for the
Conservation of Nature 2010; U.S. Fish and Wildlife Service 2005b). Single nests have been found in
other locations, including the Midway Atoll in the Hawaiian Islands, although no viable eggs were found
(Tickell 2000; U.S. Fish and Wildlife Service 2005b). The short-tailed albatross has been observed
attempting to lay eggs several times since 1975 at Midway Atoll (U.S. Fish and Wildlife Service 2005b).
The breeding season in Japanese waters is from late October to mid-June (U.S. Fish and Wildlife Service
2005b), and juvenile and immature short-tailed albatrosses are most likely to be found elsewhere at sea
during that time. During the nonbreeding season, telemetry data shows albatrosses can be found along
continental margins (Suryan and Fischer 2010).

The short-tailed albatross has one of the smallest breeding ranges and is typically located near coastal
upwelling systems. The aerodynamic performance of the P. albatrus is inconsistent with its body size,
but matches with the wind regime of its breeding season foraging ranges. Specialized morphology such
as high wing-load (weight of area per lift) may explain the limited breeding range of P. albatrus (Suryan
et al. 2008).

Migration. Short-tailed albatrosses disperse seasonally throughout the temperate and subarctic North
Pacific, ranging from Japan to California. High densities of albatross are observed in Japan during the
breeding season (Kiyota and Minami 2008; U.S. Fish and Wildlife Service 2005b, 2008b). Nonbreeders
and failed breeders disperse from the colony months earlier (Suryan and Fischer 2010). While many
nonbreeders return to the colonies each year, the presence of immature birds far from the colony (such
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as the U.S. Pacific coast) during the breeding season suggests that some immature birds may spend
years at sea before they return to the colony (U.S. Fish and Wildlife Service 2005b). Albatross tend to fly
slower during high pressure conditions, and wind speed is an important variable influencing short-tailed
movements (Suryan et al. 2006) .

Short-tailed albatrosses move seasonally around the North Pacific Ocean, with high densities observed
during the breeding season (December through May) in Japan, and throughout Alaska and along the
west coast of North America during the non-breeding season (April through September) (McDermond
and Morgan 1993). Movement patterns are different between genders and age classes (Suryan et al.
2007). Female short-tailed albatross spend more time offshore of Japan and Russia in comparison to
male birds which spend more time in the Aleutian Island and Bering Sea (Suryan et al. 2007). Because
this species forages along continental shelves, they occur within the Exclusive Economic Zones (EEZs) of
Japan, Russia, and Alaska. Overall, the short-tailed albatross spends the greatest amount of time in
Alaskan waters (Suryan et al. 2007).

Hearing/Vocalization. No information is currently available.

Diving. This species is known to forage on bait from longline and other marine fisheries, where
individuals may dive underwater to retrieve bait and baited hooks (U.S. Fish and Wildlife Service 2005b).
There are no diving depth records available for this species at this time.

7.3.5 Habitat and Distribution

The short-tailed albatross spends the majority of its time in the EEZs of Japan, Russia (Kuril Islands and
Kamchatka Peninsula), and the United States (Aleutian Islands and Bering Sea, Alaska) (Suryan et al.
2007). While they are found in the open ocean, they tend to concentrate along the edge of the
continental shelf where upwellings are present (NatureServe 2004; Piatt et al. 2006; Suryan et al. 2008;
Suryan et al. 2007; Suryan and Fischer 2010; Suryan et al. 2006). These upwelling zones are not only
nutrient rich, but they also bring prey typically found only in deeper water to the surface (for example,
squid and fish), where they become available to albatrosses. Short-tailed albatross nest on isolated,
windswept, offshore islands with restricted human access (U.S. Fish and Wildlife Service 2000). Current
and historical nesting habitat can be described as flat to steep slopes that are sparsely or fully vegetated
(Tickell 2000). Overall, the short-tailed albatross ranges more to the north, into the Bering Sea, than the
other North Pacific albatross species (Suryan and Fischer 2010). North and Central Pacific Ocean species,
including the short-tailed albatross, are known to inhabit regions of lower wind speed and sea state than
their southern species counterparts (Suryan et al. 2008). The primary range of the short-tailed albatross
during the non-breeding season is shown in Figure 7-1.

Open Ocean Waters of the MRA Study Area

NORTH CENTRAL PACIFIC GYRE. The short-tailed albatross spends relatively little time in the central
gyre preferring coastal areas, although they do transit through the gyres north of 35 degrees (Suryan et
al. 2007). Although most nesting occurs within Japan, short-tailed albatrosses have been occasionally
reported during the breeding season at Midway Atoll, where 2 million black-footed and Laysan
albatrosses nest. (Harrison, Naughton, and Fefer 1984; Tickell 2000). In June 2011 on Midway Atoll, the
first short-tailed albatross chick fledged successfully outside of Japan and a nesting pair was incubating
again during the 2011-2012 breeding season (Agreement on the Conservation of Albatrosses and Petrels
2011, 2012a). Furthermore, two female short-tailed albatrosses nested and laid eggs in both 2010 and
2011 on Kure Atoll in the NWHI, and were joined by a third albatross of unknown gender in January of
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2012 (Agreement on the Conservation of Albatrosses and Petrels 2011, 2012b). The eggs from the 2010
breeding season were unfertilized.
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Figure 7-1: Geographic Range of the Short-tailed Albatross in the North Pacific Ocean
Sources: Agreement on the Conservation of Albatrosses and Petrels (2009, 2012a).
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KUROSHIO CURRENT. Short-tailed albatross are known to conduct area-restricted search patterns over
the continental shelf break and slope regions of the Kuroshio current region (Suryan et al. 2006).
Telemetry data shows that albatrosses travelling from Torishima initially travel north within the
Kuroshio Current. All tagged albatross traveled to the outer continental shelf off the northeast of
Honshi (36 to 40° N), where the activity was greatest during May and June. Telemetry data also
indicates that the convergence zone to the east of northern Japan and south of the Kuril Islands is a
hotspot for short-tailed albatross (Suryan et al. 2006).

EAST CHINA SEA. Short-tailed albatross are known to occur within this region (BirdLife International
2012a; U.S. Fish and Wildlife Service 2008b).

PHILLIPINE SEA. Short-tailed albatross are known to occur within this region (BirdLife International
2012a; U.S. Fish and Wildlife Service 2008b).

Coastal Waters of the MRA Study Area

JAPAN ARCHIPELAGO. The pelagic distribution of short-tailed albatross as examined from 1999 to 2004
reveals that the short-tailed albatross occur in three main areas off the coast of Japan: the Pacific coast
of eastern Japan, near Torishima and Izu Islands, and near Minamikojima of the Senkakau Islands (Kiyota
and Minami 2008). Short-tailed albatrosses tend to aggregate within 30 kilometer (km) of their breeding
islands and have been observed using the Kuroshio-Oyahio mixture zone over the continental edge and
slope 20 to 70 km (200/1400 m deep) off the Pacific coast of Japan. This suggests that these areas may
be important marine habitats for this species during the breeding season (Kiyota and Minami 2008).

Short-tailed albatross breeds mainly on two islands in Japan, Torishima and Minami-kojima (U.S. Fish
and Wildlife Service 2008b). Over 80% of the short-tailed albatross population nests on Torishima
(Suryan et al. 2007). The rest of the population nests primarily on Minami-kojima, located in the
Senkaku Island chain, which sits on a natural gas reserve and is under dispute of ownership between
Japan, China, and Taiwan (U.S. Fish and Wildlife Service 2008b). In 2002, a short-tailed albatross chick
fledged from Kitja-kojima, near Mimami-kojima (Agreement on the Conservation of Albatrosses and
Petrels 2009; U.S. Fish and Wildlife Service 2008b).

In February 2008, 10 chicks were moved to Mukojima Island in the Bonin Islands of Japan. All ten chicks
fledged (U.S. Fish and Wildlife Service 2008b). Short-tailed albatross are being relocated to Mukojima in
order to protect the birds from volcanic threats to the population on Torishima. There is a potential for
political instability on Minami-kojima since Japans control of the island is disputed by China and Taiwan
(Agreement on the Conservation of Albatrosses and Petrels 2010; U.S. Fish and Wildlife Service 2008b).
This instability could affect the nature and efficiency of protection for the short-tailed albatross.

B0oso Peninsula, Izu Peninsula, and lzu Islands. Torishima in the Izu Shoto Island Group is about 375
miles (mi.) (600 km) south of Tokyo and belongs to Japan. Over 80% of the population nests on
Torishima, which is an active volcano (Suryan et al. 2007; U.S. Fish and Wildlife Service 2008b, 2009a).

There are two colonies on Torishima Island, Tsubamezaki and a new colony, Hatsunezaki, has formed on
the northwest side of Torishima Island (Figure 7-1 and Figure 7-2) (U.S. Fish and Wildlife Service 2009a).
The population is growing and non-breeders use the site for courting (Agreement on the Conservation of
Albatrosses and Petrels 2009).
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MARIANA ARCHIPELAGO. Two observations of short-tailed albatross were recorded during the 2007
MISTCS (U.S. Pacific Fleet/Naval Facilities Engineering Command Pacific 2007). Breeding does not occur
within the Mariana Islands (U.S. Fish and Wildlife Service 2005b). Although short-tailed albatrosses have
been observed in less productive waters far from regions of upwelling, the extremely rare observations
in these areas suggests that these birds may be simply moving between areas of favored habitat (Figure
7-2).
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7.3.6 Species-specific Threats

Fishery bycatch is thought to be a leading anthropogenic source of albatross mortality (Zador, Punt, and
Parrish 2008). Because of the variance between gender and age of the short-tailed albatross in relation
to distribution, the potential for interaction with fisheries is not evenly distributed. Female birds are
more impacted by fisheries in Japan and Russia while male birds are more likely to be impacted by
Alaskan fisheries. (Suryan et al. 2007). The short-tailed albatross has the highest potential for
interactions with fisheries (i.e. sablefish) on continental shelf break and slope regions. Fishery
interaction depends on target species and gear type (Suryan et al. 2007). There are 18 species of
albatrosses threatened with extinction that are affected by longline fisheries, and it is suspected that
pelagic longline fisheries are responsible for double the number of seabird mortalities than originally
estimated due to bycatch observation methods (Brothers et al. 2010). Since 1990 there have been five
confirmed and two suspected mortalities in Alaska longline fisheries (Suryan et al. 2007). Additionally,
there has been one confirmed mortality in Russian fisheries, which occurred in 2003. No mortalities
have been reported from pot fisheries in Alaska. Seabird avoidance measures are not required
throughout the short-tailed albatross range, and bycatch beyond Alaska is poorly monitored. Zador,
Punt, and Parrish (2008) suggest that exceeding current incidental catch rates, up to a factor of 10,
would have little impact of the recovery goals for the short-tailed albatross if survival rates were high
from all other sources of mortality. It is possible albatross can become entangled in trawl equipment
without being noticed, so catch estimates may be biased (Zador, Punt, and Parrish 2008).

Because of their high position on the trophic level and long lifespan, albatrosses have the potential to
bioaccumulate diet derived contaminants such as heavy metals. Short-tailed albatross are at risk to
mercury exposure. Short-tailed albatross eggs sampled from Torishima Island contained mercury
content higher than the average mercury content in seabird eggs (lkemoto et al. 2005).

With increasing amounts of human-introduced marine debris, albatross species have a recognized
tendency to ingest plastic while foraging in the open ocean (Young et al. 2009). A literature review by
Derraik (2002) summarizes ingestion hazards, which include reduced food uptake, internal blockages,
and reproductive failure. It is estimated that 44% of seabird species are affected by plastic ingestion
(Derraik 2002). Albatrosses are considered to be especially vulnerable to ingested plastics as they cannot
regurgitate them (Derraik 2002). Plastic has the potential to transport hydrophobic contaminants
(Teuten et al. 2007). Data suggests contaminants associated with plastic can also be assimilated into the
tissue of seabirds (Derraik 2002).

Organochlorines have been shown to alter immune function in seabirds (Finkelstein et al. 2007).
Persistent organic pollutants (POPs) have been found in short-tailed albatross at levels similar to those
found in the black-footed albatross (Kunisue et al. 2006). Toxic equivalents levels of POPs in short-tailed
albatross eggs collected from Torishima Island in 2002 exceeded some toxicity threshold limits for avian
embryos (Kunisue et al. 2006). Based off levels of polychorlinated biphenyls and
dichlorodiphenyldichloroethylenes (a metabolite of dichlorodiphenyltrichloroethanes) found in Laysan
and black-footed albatross, contaminants in the eastern North Pacific have been increasing over time
(Finkelstein et al. 2006).

While volcanic threats do exist on Torishima Island (there is a 2.2% annual eruption probability), chronic
mortalities, such as bycatch, are more likely to affect population viability (Finkelstein et al. 2010).
Modeling suggest that population growth rate would remain positive until an average of four volcanic
eruptions per year given the maximum short-tailed albatross presence is only 25% of the population at
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any time (75% is usually out at sea) (Finkelstein et al. 2010). Chronic mortality is a greater threat to the
short-tailed albatross population than periodic volcanic eruptions (Finkelstein et al. 2010).

7.4 Taxonomic Groups

Seabirds can be grouped as primarily as open ocean or coastal water feeders (U.S. Fish and Wildlife
Service 2005a). Coastal seabirds rarely range far from land, foraging in marine, estuarine, freshwater,
and sometimes terrestrial habitats, and most return to land to roost at night. Brown pelicans and blue
noddies are examples of coastal foraging seabirds. Pelagic seabird species that forage in open ocean
are strictly marine, ranging far out to sea and returning to land only to breed. Laysan, black-footed,
and short-tailed albatrosses, and sooty and arctic terns are examples of Pacific pelagic seabirds that
live and feed in the open ocean.

Four orders of seabirds occur worldwide and include 15 families and 312 species (Harrison 1983). These
orders are Charadriiformes (skuas, jaegers, gulls, terns, noddies, skimmers, auks, and phalaropes),
Pelecaniformes (pelicans, cormorants, tropicbirds, gannets, and frigatebirds), Procellariiformes
(albatrosses, petrels, storm-petrels, shearwaters, prions, and fulmars), and Spenisciformes (penguins).
There are three major groups of seabirds represented in the MRA Study Area (Table 7-3).

Table 7-3: Descriptions and Examples of Major Taxonomic Groups of Seabirds within the MRA Study Area

Major Bird Groups1

Common Name

Descripti
(Taxonomic Group) escription

Albatrosses, petrels, shearwaters, and storm-

petrels Group of large to medium winged, open ocean species
(order Procellariiformes)

Tropicbirds, boobies, pelicans, cormorants, and
frigatebirds
(order Pelecaniformes)

Diverse group of large fish-eating seabirds with four toes
joined by webbing

Phalaropes, gulls, noddies, terns, skua, jaegers, | Diverse group of small to medium sized seabirds and allies
and alcids (order Charadriiformes) inhabiting coastal, nearshore, and pelagic waters

Notes:
"Major taxonomic groups based on American Ornithologists' Union (1998) and Sibley (2000).

7.4.1 Albatrosses, petrels, shearwaters, and storm-petrels (order Procellariiformes)

The Procellariiformes is a large order of open ocean (pelagic) seabirds that are divided into four families:
Diomedeidae (albatrosses), Procellariidae (petrels and shearwaters), Hydrobatidae (storm-petrels), and
Pelecanoididae (diving-petrels) (Enticott and Tipling 1997; Onley and Scofield 2007). Within the MRA
Study Area there are at least 24 species representing three families —-Diomedeidae, Procellariidae, and
Hydrobatidae (see Table 7-2: Migratory Bird Treaty Act Species and Birds of Conservation Concern that
Occur within the MRA Study Area). These species are generally long-lived, breed once a year, and lay
only one egg. All birds in this order have tubular noses on the top of their bills, hence they are
sometimes referred to as “tubenoses” (Sibley 2000). They all have webbed feet, and the hind toe is
either imperfectly developed or completely absent. They have extremely broad distributions and spend
most of their lives at sea and exclusively feed in the open ocean, primarily on fish, crustaceans, and
crabs. They can be found in high numbers resting on the water in flocks where prey is concentrated
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(Enticott and Tipling 1997). Some species feed around fishing boats and become injured from longline
gear (Brothers et al. 2010; Enticott and Tipling 1997; Onley and Scofield 2007; Suryan et al. 2007). They
nest in colonies on remote islands uninhabited by people. Some are ground nesters, others nest in
cavities or burrows (Ramos et al. 1997). They return to their birth colonies on a yearly basis. They are
monogamous and mate for life with both parents participating in egg incubation and chick rearing
(Elphick, Dunning, and Sibley 2001). Albatross and petrels are thought to trade-off reproduction and
survival duties (Dobson and Jouventin 2010). Representative species include Laysan albatross, Northern
fulmar, Bonin petrel, short-tailed shearwater, and Least storm-petrel.

Diomedeidae (Albatrosses)

Albatrosses range widely in the southern hemisphere and the North Pacific, although occasional
vagrants are recorded in the North Atlantic (Pratt, Bruner, and Berrett 1987). Albatrosses are among the
largest of flying birds, and great albatrosses (Diomedea spp.) have the largest wingspan of any bird.

Albatrosses are highly efficient in the air, using dynamic soaring and slope soaring to cover great
distances with little exertion. They feed on squid, fish, and krill by scavenging, surface seizing, or diving.
Albatrosses are colonial, mostly nesting on remote oceanic islands, often with several species nesting
together. Pair bonds between males and females form over several years with the use of 'ritualized
dances,' and will last for the life of the pair. A breeding season can take over a year from laying to
fledging, with a single egg laid in each breeding attempt (Pratt, Bruner, and Berrett 1987).

Both albatross species (black-footed albatross and short-tailed albatross) occur within the Study Area.
They are rarely documented more than once per year, and range throughout the North Pacific (Pratt,
Bruner, and Berrett 1987). Neither species has been recorded on land within the Mariana Archipelago
portion of the MRA Study Area, although both species were observed during the 2007 MISTCS (U.S.
Pacific Fleet/Naval Facilities Engineering Command Pacific 2007). As discussed above the short-tailed
albatross species profile, this species nests and may forage within the Japan portion of the MRA Study
Area.

The black-footed albatross nest colonially on isolated islands of the Northwestern Hawaiian Islands (such
as Laysan and Midway), and the Japanese islands of Torishima, Bonin, and Senkaku. Their range at-sea
varies amongst seasons (straying farther from the breeding islands when the chicks are older), and they
make use of expansive areas of the North Pacific, feeding from Alaska to California and Japan. A USFWS
status review was initiated in October 2007 to determine if listing the black-footed albatross was
warranted. The USFWS issued a news release on October 6™, 2011 which stated that based on available
scientific and commercial data the black-footed albatross will not be listed under the ESA (U.S. Fish and
Wildlife Service 2011).

Procellariidae (Shearwaters and Petrels)

Shearwaters and petrels are medium-sized, long-winged seabirds most common in temperate and cold
waters. Shearwaters and petrels come to islands and coastal cliffs to breed, with some breeding
locations in the tropics. They are nocturnal at the colonial breeding sites, preferring moonless nights to
minimize predation. Outside of the breeding season, they are pelagic and most migrate long distances.
Shearwaters and petrels feed on marine animals such as fish and squid. Numbers of shearwaters petrels
have been reduced due to predation by introduced species to islands, such as rats and cats.

Entanglement in fishing gear is another threat to these species (Pratt, Bruner, and Berrett 1987). The
general problem of light attraction and its effects on birds is worldwide among the Procellariiformes; at
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least 21 species of this family are known to be attracted to man-made lights (Reed, Sincock, and Hailman
1985). Fledglings typically take first flight at night, homing in on reflected natural light from the ocean.
Artificial light can attract these fledglings to lighted infrastructure, causing exhaustion and increasing the
probability of collision with buildings, utility poles, illuminated windows, and other structures (Reed,
Sincock, and Hailman 1985).

Most species of this family observed within the MRA Study Area are considered visitors (Pratt, Bruner,
and Berrett 1987; U.S. Pacific Fleet/Naval Facilities Engineering Command Pacific 2007). Shearwaters
and petrels do not breed on DoD owned or leased lands within the MRA Study Area, although wedge-
tailed shearwaters are known to breed on Bird Island (an islet off Saipan’s eastern coast) and possibly
along the southern coasts of Tinian. Shearwaters and petrels primarily utilize offshore and coastal
waters for foraging and are typically concentrated along upwelling boundaries and other water mass
convergence areas (U.S. Fish and Wildlife Service 1983). The Hawaiian petrel, observed during the 2007
MISTCS (U.S. Pacific Fleet/Naval Facilities Engineering Command Pacific 2007), is protected under the
ESA but is considered to be extralimital within the MRA Study Area and was not described in further
detail within the ESA-listed seabirds section.

7.4.2 Boobies, cormorants, frigatebirds, and tropicbirds (order Pelecaniformes)

The Pelecaniformes order includes five families Anhingidae, Fregatidae, Pelecanidae, Phalacrocoracidae,
and Sulidae. There are seven species representing four families that occur in the MRA Study Area:
tropicbirds, boobies, pelicans, cormorants, and frigatebirds (see Table 7-2). They all have webbed feet
and eight toes, and all have a throat sac, called a gular sac (Brown and Harshman 2008). This sac is highly
developed and visible in pelicans and frigatebirds but is also readily apparent in boobies and
cormorants. Pelicans use the sac to trap fish; frigatebirds use it as a mating display and to feed on fish,
squid, and similar marine life (Dearborn, Anders, and Parker 2001). Pelecaniformes nest in colonies, but
individual birds are monogamous (Brown and Harshman 2008).

Sulidae (Gannets and Boobies)

Members of the seabird family Sulidae are medium to large coastal seabirds that plunge-dive for fish.
Three species of booby are found within the MRA Study Area. Farallon de Medinilla (FDM) is the location
of the largest nesting colony for the brown booby (Sula leucogaster) in the Mariana Islands. The masked
booby (Sula dactylatra) breeds only on FDM, while the red-footed booby (Sula sula) breeds on FDM and
Rota (SWCA Environmental Consultants 2011). Monthly aerial bird surveys via helicopter conducted by
Navy biologists over FDM showed distinct oscillations in the booby populations on the island. The period
from 1999 to 2002 was a low period, followed by increasing numbers recorded from 2003 through 2005.
Decreases in booby numbers continued from 2006 through 2007 (Vogt 2008).

Phalacrocoracidae (Cormorants)

Cormorants are medium-sized diving birds with long, hook-tipped bills (Pratt, Bruner, and Berrett 1987).
Only one species of cormorant breeds in the tropical Pacific, the pelagic cormorant (Phalacrocorax
pelagicus) which breeds around North Pacific coasts from Taiwan and Japan to Alaska and California
(Pratt, Bruner, and Berrett 1987). The only other cormorant species confirmed within the MRA Study
Area is the little pied cormorant (Phalacrocorax melanoleucos), which is considered a rare visitor to the
Commonwealth of the Northern Mariana Islands. There are no records associated with comorant
observations on Navy lease lands in the Commonwealth of the Northern Mariana Islands, including
FDM.
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Fregatidae (Frigatebirds)

Members of the Fregatidae family are large seabirds, with iridescent black feathers, a wingspan up to
7.5 ft. and deeply-forked tails. The males inflate red-colored throat pouches to attract females during
the mating season. Frigatebirds are distributed globally in tropical oceans. These birds do not swim,
cannot walk well, and cannot take off from a flat surface, needing a slope or drop-off (e.g., a cliff) to take
off. Frigatebirds are able to stay aloft for more than a week, landing only to roost or breed on trees or
cliffs (Lusk, Bruner, and Kessler 2000). Frigatebirds are well known for their kleptoparasitic feeding
behavior, for instance, they have been documented to stealing food from masked boobies (Vickery and
Brooke 1994).

The great frigatebird (Fregata minor) nests on FDM, which is one of only two small breeding colonies
known to exist within the Mariana Islands. The great frigatebird has a wide distribution throughout the
tropical Pacific, with Hawai‘i as the northernmost extent of their range (Harrison 1990; Pratt, Bruner,
and Berrett 1987). Unlike the great frigatebird, the lesser frigatebird (Fregata arial) does not breed
within the MRA Study Area, although Pratt, Bruner, and Berrett (1987) reports rare sightings of the
lesser frigatebird on Tinian. Navy biologists conduct monthly aerial surveys by helicopter over FDM for
bird counts (Vogt 2008). These index surveys began in 1999, and suggest that great frigatebird sightings
are seasonally-dependent, with most sightings between December and March. Sightings of these birds
increased from 2005 through 2008 during the winter months (Vogt 2008).

7.4.3 Tropicbirds (order Phaethontiformes)

Phaethontidae (Tropicbirds)

Tropicbirds were recently removed from the Pelecaniformes and placed in their own order, the
Phaethontiformes (American Ornithologists' Union Checklist Committee 2009; Chesser et al. 2009).
Tropicbirds are seabirds with predominantly white plumage and elongated central tail feathers. Their
bills are large, powerful and slightly decurved, and they have large heads and short, thick necks. The
three species within this family have a different combination of black markings on the face, back, and
wings, distinctive to each species. Two of the three species of tropichirds are known to occur within the
MRA Study Area (Pratt, Bruner, and Berrett 1987).

The red-tailed tropicbird (Phaethon rubricauda) and the white-tailed tropicbird (Phaethon lepturus) are
known to occur on Tinian and FDM, as well as in open waters of the MRA Study Area (U.S. Pacific
Fleet/Naval Facilities Engineering Command Pacific 2007). The red-tailed tropicbird is the rarest of all
tropicbird species, but is widely distributed with colonies on islands from Hawai‘i to Easter Island and
Mauritius. This species breeds on Guam (SWCA Environmental Consultants 2011), with other breeding
records on Rota, Tinian, and FDM. The white-tailed tropicbird is the smallest of the three species within
the Phaethontidae family. It occurs in the tropical Atlantic, western Pacific, and Indian Oceans. Breeding
locations are recorded from Guam, Rota, Tinian, and FDM. Both species were observed during the
MISTCS cruise (U.S. Pacific Fleet/Naval Facilities Engineering Command Pacific 2007).
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7.4.4 Phalaropes, Gulls, Noddies, Terns, Skua, and Jaegers (order Charadriiformes)

There are 23 species represented from the order Charadriiformers within the MRA Study Area (see Table
7-2). Gulls, noddies, and terns of the family Laridae are a diverse group of small to medium sized
seabirds that inhabit coastal, nearshore, and open ocean environments. Skuas and jaegers in the family
Stercorariidae are stocky powerful birds with long pointed wings, long tails, strong hooked bills, and
sharp talons known for robbing the food of smaller seabirds. Murres, murrelets, and auklets in the
family Alcidae are good swimmers and divers, have short wings, which requires them to flap their wings
rapidly to fly.

Species in the order Charadriiformes occupy diverse habitats. Some species in this order spend most of
their time at sea (e.g., jaegers, skuas, alcids), whereas others are more coastal or nearshore (e.g., gulls).
Many charadriiformes inhabit marine and freshwater wetlands; others spend most of their lives in or
near the ocean. Many species breed in colonies, and some species lay more than one egg (Ericson et al.
2003; Fain and Houde 2007; Harrison 1983; Onley and Scofield 2007). Representative species within the
MRA Study Area include glaucous-winged gull, black noddy, sooty tern, thick-billed murre, long-billed
murrelet, rhinoceros auklet, and horned puffin.

Larinae (Gulls)

Gulls are not common in the tropical Pacific (Pratt, Bruner, and Berrett 1987), preferring shallow water
habitats in temperate and polar climates along coasts and inland rivers and lakes. Gulls that have been
observed in the Mariana Islands are generally associated with rare visitations and winter migrations. The
common black-headed gull (Larus ridibundus) and salty-backed gull (Larus schistisagus) are the only gull
species observed within the MRA Study Area, with observations occurring on Guam and Tinian (Pratt,
Bruner, and Berrett 1987). Harrison (1983) notes that the occurrence of the common black-headed gull
is associated with harbors and bays.

Sternidae (Terns and Noddies)

Terns and noddies are seabirds in the family Sternidae with worldwide distribution (Pratt, Bruner, and
Berrett 1987). A recent taxonomic revision now separates terns and noddies out of the gull family
Laridae (van Tuinen, Waterhouse, and Dyke 2004). Terns generally are medium to large birds, typically
with gray or white plumage, often with black markings on the head. They have longish bills and webbed
feet. Terns and noddies are lighter bodied and more streamlined than gulls, with long tails and long
narrow wings. Terns and noddies hunt fish by diving, often hovering first for a few moments before a
dive.

The black noddy (Anous minutus) is a tropical seabird with worldwide distribution in tropical and
subtropical seas. Their colonies are widespread in the Pacific Ocean and more scattered across the
Caribbean, central Atlantic and in the northeast Indian Ocean. The black noddy has dark plumage, a
white cap, a long, straight beak and short tail. Their nests consist of a level platform, often created in the
branches of trees using dried leaves covered with bird droppings. One egg is laid each season, and nests
are re-used in subsequent years. At sea, it is usually seen close to its breeding colonies within 50 mi. off
shore. Birds return to colonies, or other islands, in order to roost at night. The black noddy nests on
Aguijan, a small island south of Tinian (Aguon et al. 2005; SWCA Environmental Consultants 2011). The
black noddy is also known to breed on Guam on Neye Island and Apaoa Point at the Naval Base, and the
shoreline between Pati Point and Tagua Point on Anderson Air Force Base (National Oceanic and
Atmospheric Administration 2005).
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The brown noddy (Anous stolidus) is a tropical seabird with a worldwide distribution, ranging from
Hawai’‘i to the Tuamotu Archipelago and Australia in the Pacific Ocean, from the Red Sea to the
Seychelles and Australia in the Indian Ocean, and in the Caribbean to Tristan da Cunha in the Atlantic
Ocean. The brown noddy is colonial, usually nesting on cliffs or in short trees or shrubs, and occasionally
nests on the ground. The female lays a single egg each breeding season. The brown noddy was observed
in open water during the MISTCS cruise (U.S. Pacific Fleet/Naval Facilities Engineering Command Pacific
2007). It breeds on Tinian, FDM, Rota, and Guam (SWCA Environmental Consultants 2011). Orote Point
on Guam supports a large brown noddy nesting colony (approximately 150 birds). Additional roosts for
brown noddys are found on at least two small emergent rock islands off the north and south coast of
Orote Peninsula (Lusk, Bruner, and Kessler 2000). The brown noddy was also observed in open water
during the MISTCS cruise (U.S. Pacific Fleet/Naval Facilities Engineering Command Pacific 2007).

The brown noddy and black noddy are known to nest at FDM (U.S. Pacific Fleet/Naval Facilities
Engineering Command Pacific 2007), and have been observed at Hagoi on Tinian, and the Navy Main
Base on Guam (SWCA Environmental Consultants 2011).

The gray-backed tern (Sterna lunata) has not been observed on land within the MRA Study Area;
however, this species was observed in open water during the MISTCS cruise (U.S. Pacific Fleet/Naval
Facilities Engineering Command Pacific 2007). The gray-backed tern breeds on islands of the tropical
Pacific Ocean (BirdLife International 2012c). At the northern end of its distribution it nests in the
Northwestern Hawaiian Islands (with the largest population occurring on Lisianski Island) and two small
islets off Oahu; in the east as far as the Tuamotu Islands, with other colonies occurring in the Society
Islands, the Line Islands, Phoenix Islands, Mariana Islands, and American Samoa.

The sooty tern (Sterna fuscata) utilizes areas of the Navy Main Base and Fena Reservoir on Guam (Aguon
et al. 2005; SWCA Environmental Consultants 2011), and was observed in open waters during the
MISTCS cruise (U.S. Pacific Fleet/Naval Facilities Engineering Command Pacific 2007). Sooty terns have
also been observed flocking over FDM (SWCA Environmental Consultants 2011), and are known to breed
on the island (SWCA Environmental Consultants 2011). This tern is migratory and highly dispersive,
wintering throughout the tropical oceans. Compared to other terns, the sooty tern is more pelagic.
Sooty terns breed in colonies on rocky or coral islands. Nests are simple and consist of a ground scrape
or hole in which one to three eggs are laid. Sooty terns feed by picking fish from the surface in marine
environments. They are often found in large flocks and rarely come to land except to breed. This species
can stay out at sea (either soaring or floating on the water) for 3 to 10 years (Pratt, Bruner, and Berrett
1987).

The white tern (Gygis alba) has been observed on the Navy Main Base (including the North coast of
Orote Peninsula, Neye Island and Apaoa Point) and Fena Reservoir on Guam, Hagoi on Tinian, and FDM,
as well as open waters within the MRA Study Area (SWCA Environmental Consultants 2011; U.S. Pacific
Fleet/Naval Facilities Engineering Command Pacific 2007). White terns nest throughout the
Commonwealth of the Northern Mariana Islands and are considered common. This tern ranges widely
across the Pacific and Indian Oceans, and also nests on some Atlantic islands. White terns nest on coral
islands, usually on trees with thin branches but also on rocky ledges and on man-made structures. The
white tern breeds on Tinian, FDM, and Rota (SWCA Environmental Consultants 2011).

Stercorariidae (Skuas and Jaegers)

Members of the seabird family Stercorariidae are ground nesters in temperate and arctic regions and
are long-distance migrants (Pratt, Bruner, and Berrett 1987). Outside the breeding season they feed on
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fish, animal entrails, and carrion. Many are partial kleptoparasites, chasing gulls, terns and other
seabirds to steal their catches. The larger species in this family also regularly kill and eat adult birds, up
to the size of great black-backed gulls (the largest of all gulls). On the breeding grounds they commonly
eat lemmings, and the eggs and young of other birds.

The three species of family Stercorariidae that are known to occur within the MRA Study Area include
the long-tailed jaeger (Stercorarius longicaudus), the parasitic jaeger (Stercorarius parasiticus), and the
pomarine jaeger (Stercorarius pomarinus). None are known to breed on islands within the MRA Study
Area, and no observations of these birds have been recorded on land in the Mariana Islands. The long-
tailed jaeger breeds in the high Arctic of Eurasia and North America, with major populations in Russia,
Alaska, and Canada and smaller populations around the rest of the Arctic. It is a migrant, wintering in
the south Atlantic and Pacific. The parasitic jaeger breeds on coasts of Alaska, as well as coastal and
inland tundra regions of northern Canada. This species is also found in Greenland, Iceland, Scandinavia,
and northern Russia. In the Pacific, parasitic jaegers winter at sea from southern California to southern
Chile and Australia (BirdLife International 2012b). The pomarine jaeger is mostly a pelagic species
occasionally observed inland. A large jaeger, the species is heavyset, having a thick-neck with broad-
based wings and a wing span that can reach 1.2 m (U.S. Geological Survey 2008)
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8.0 MARINE INVERTEBRATES
8.1  INTRODUCTION

Marine invertebrates cover an extremely large and diverse group of animals from at least 27 phyla and
include approximately 50,000 species (Brusca and Brusca 2003). Some of the better-known macrofaunal
taxa include Porifera (sponges), Cnidaria (corals, sea fans, sea anemones, jellyfish, and hydra),
Ctenophora (comb jellies), Mollusca (shellfish, squid, and octopus), Arthopoda (shrimp, lobsters, crabs,
krill, amphipods, and barnacles), Echinodermata (sea stars, sea urchins, and sea cucumbers),
Urochordata (sea squirts and salps), and Bryozoa (moss animals). Visual assessments of other phyla,
including sea worms from seven phyla (Platyhelminthes, Nemertea, Annelida, Sipuncula, Echiura,
Chaetognatha, and Phoronida), are generally difficult to conduct as they are either too small or are
interstitial, living within the sand, mud, or cracks of hard substrate. The greatest densities of marine
invertebrates are usually on the seafloor (Sanders 1968). The distribution of invertebrate species
richness in the MRA Study Area for the Japan and Mariana Archipelagos (the MRA Study Area) is
influenced by a latitudinal gradient, shelf area, extent of coral habitat, sea surface temperature, and net
primary production (Macpherson 2002; Rosa et al. 2008). The marine biogeographic zonation described
in Section 3.8 illustrates the ecological categories of invertebrate habitat in the MRA Study Area.

Many of these species are important to humans ecologically and economically, providing essential
ecosystem services, as well as income from tourism and commercial and recreational fisheries (Spalding,
Ravilious, and Green 2001). Invertebrates such as stony corals perform a particularly important
ecological function as a key structure-forming group in the MRA Study Area. Coral reefs provide coastal
protection from the tidal surges and habitat for numerous species. See Section 11.0 (Marine Habitats)
for a discussion of coral reef habitat. In addition, coral reefs contribute significantly to global
productivity and biodiversity, with more phyla represented on coral reefs than in any other habitat on
earth (Maragos, Crosby, and McManus 1996; Sheppard, Davy, and Pilling 2009).

Other economically important invertebrate groups include crustaceans (shrimp and lobsters), molluscs
(scallops and clams) and cephalopods (squid). These species make up a key part of the commercial
fisheries industry in the United States. Their health and abundance are vital to marine ecosystems and
the sustainability of the world’s fisheries (Pauly et al. 2002). Some of these species are protected by
Essential Fish Habitat (EFH) administered by the National Marine Fisheries Service (NMFS) and regional
Fishery Management Councils (FMCs).

Factors that can affect, stress, or damage invertebrates include coastal development, impacts from
inland pollution and erosion, overexploitation and destructive fishing practices, global climate change,
disease, predation, aquarium trade, anchors, invasive species (Bryant et al. 1998; Galloway, Bruckner,
and Woodley 2009; National Marine Fisheries Service 2010; Wilkinson 2002), ship groundings (National
Oceanic and Atmospheric Administration 2010b), and bioprospecting (Hunt and Vincent 2006). Global
climate change, caused by increased concentrations of atmospheric carbon dioxide, results in ocean
acidification that inhibits invertebrates from forming hard shells (Cohen et al. 2009). Bioprospecting
involves collection of organisms with the goal of discovering novel compounds for new drugs.

Marine invertebrates in the MRA Study Area are described in profiles by taxonomic group, with specific
consideration to coral species that have been petitioned for listing under the Endangered Species Act
(ESA). Marine invertebrate species, regulated under the Magnuson-Stevens Fishery Conservation and
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Management Act (MSFCMA) of 1976, are described in Chapter 12, Managed Species and Essential Fish
Habitat.

8.2 SPECIES LIST AND STATUS

There are no ESA-listed endangered or threatened marine invertebrates in the MRA Study Area. NMFS
reviewed the status of 82 candidate coral species for potential listing under the ESA based on a 2009
petition (Brown and Wolf 2009). In November 2012, NMFS proposed to list 66 of those petitioned
species of corals as threatened or endangered under the ESA, with 59 of these species occurring in the
Pacific (National Marine Fisheries Service 2012). Of these, 52 are proposed to be listed as threatened
and 7 listed as endangered, with Eastern Pacific population of Pocillopora elegans proposed to be listed
as endangered and the Indo-Pacific population proposed to be listed as threatened. On this subset of 59
species, 49 are known to or expected to occur in the Study Area. These are listed in Table 8-1. These
proposed coral species are found in eight families of corals. An overview of the proposed corals and
profile of each proposed coral family is provided in Sections 8-4 through 8-12. Profiles for each coral
family include a description of the biology, ecology and behavior of the family and family-specific
threats, when the information is available.

Table 8-1: Coral Species Proposed for ESA Listing in the MRA Study Area

Species Name and ESA Regulatory Status Ecoregional Presence’
Common Name Scientific Name Critical Risk Threshold Rating’ Coastal Waters
A | ma | «
Family: Acroporidae
Bottlebrush staghorn Acropora aculeus 49% X X X
Blue-tipped staghorn Acropora acuminata 49% X X
Acropora aspera 48% X X
Acropora dendrum 69% X X
Acropora donei 64% X
Acropora globiceps 57% X
Acropora horrida 52% X
Acropora listeri 58% X X
Acropora microclados 58% X X
Acropora palmerae 52% X X
Table coral Acropora paniculata 53% X X
Acropora polystoma 53% X X
Acropora speciosa 55% X X X
Acropora striata 58% X
Fuzzy table coral Acropora tenella 57% X X
Acropora vaughani 52% X X
Acropora verweyi 54% X X
False flower coral Anacropora puertogalerae 57% X X* X
False flower coral Anacropora spinosa 59% X X* X
Starflower coral Astreopora cucullata 52% X X
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Table 8-1: Coral Species Proposed for ESA Listing in the MRA Study Area

Species Name and ESA Regulatory Status

. 1
Ecoregional Presence

Critical Risk Threshold Rating2

Coastal Waters

Common Name Scientific Name
JA MA (o]
Isopora cuneata 62% X X*
Pore coral Montipora angulata 57% X
Pore coral Montipora australiensis 57% X
Pore coral Montipora caliculata 57% X X
Pore coral Montipora lobulata 58%
Family: Agariciidae
Serpent coral Pachyseris rugosa 57% X X* X
Leaf coral Pavona diffluens 53% X*
Family: Euphyllidae (also known as Caryophyllidae (Brainard et al. 2011))
Euphyllia cristata 62%
Euphyllia paraancora 63%
Tipped bubblegum coral | Physogyra lichtensteini 51% X*
Family: Faviidae
Barabattoia laddi 52% X
Caulastrea echinulata 56% X
Family: Milleporidae
Millepora foveolata 63%
Millepora tuberosa 63%
Family: Mussidae
Acanthastrea brevis 50% X X
Starry cup coral Acanthastrea hemprichii 50% X
Starry cup coral Acanthastrea ishigakiensis 50% X X X
Starry cup coral Acanthastrea regularis 50% X X
Family: Poritidae
Net coral Alveopora allingi 57% X X X
Net coral Alveopora fenestrata 57% X X
Net coral Alveopora verrilliana 56% X X X
Hump coral Porites horizontalata 51% X X X
Hump coral Porites napopora 50% X X X
Hump coral Porites nigrescens 50% X X X
Family: Pectiniidae
Antler coral Pectinia alcicornis 48% X ‘ X ‘ X
Family: Pocillopora
Cauliflower coral Pocillopora danae 54% X
Cauliflower coral Pocillopora elegans 50% (for central and Indo- X
Pacific only)
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Table 8-1: Coral Species Proposed for ESA Listing in the MRA Study Area

Species Name and ESA Regulatory Status Ecoregional Presence’
L . 5 & Coastal Waters
Common Name Scientific Name Critical Risk Threshold Rating
JA MA Cl
Bird’s nest coral Seriatopora aculeata 55% X X

Sources: Brown and Wolf (2009) and Brainard et al. (2011).

1Ecoregional presence in coastal waters in the Japan Archipelago (JA), Mariana Archipelago (MA), and the Caroline Islands (Cl)
*The Critical Risk Threshold (CRT) is the point at which a species is of such low abundance, spatially fragmented, or at such
reduced genetic and/or genotypic diversity that extinction is extremely likely. Members of the National Marine Fisheries Service
biological review team estimated the likelihood for each of the 82 candidate coral species to fall below the CRT by 2100 (a date
to which climate data have been reliably estimated) by assigning points to eight “risk likelihood” categories: exceptionally
unlikely (<1%), very unlikely (1% to 10%), unlikely (10% to 33%), less likely than not (33% to 50%), more likely than not (50% to
66%), likely (66% to 90%), very likely 90% to 99%, and virtually certain (>99%). The number presented in the table is the mean
likelihood score (Brainard et al. 2011).

*The distribution of these species within the Mariana Archipelago may be unsubstantiated (Brainard et al. 2011).

CRT = Critical Risk Threshold

ESA = Endangered Species Act

8.3 PROPOSED CORAL SPECIES

There are as many as 49 ESA-proposed coral species found in the MRA Study Area (Table 8-1). This
section provides common characteristics and other attributes for all reef-building corals. Sections 8.4
through 8.12 provide profiles of ESA-proposed coral species by family. Within these sections, species-
specific information, where available and pertinent, is provided only for currently proposed coral species
(Table 8-1), as any threats or potential impacts on those species, if designated, will be subject to
consultation with regulatory agencies.

8.3.1 Description

The proposed coral species are all members of the order Scleractinia, commonly known as hard or stony
corals. They are members of the phylum Cnidaria’, which consists of over 10,000 marine species
worldwide (Appeltans et al. 2010). The individual coral animal is a polyp, which, after repeated asexual
division, forms the coral colony. The individual coral polyp has a symmetrical body form around a central
axis, with a central mouth surrounded by tentacles with stinging cells used to capture prey (Colin and
Arneson 1995a).

The reef-building corals familiar to most people occur in shallow coastal waters of the tropics, and can
extended throughout the photic zone (defined by the depth of light penetration), typically shallower
than 650 feet (ft.) (200 meters [m]). Most reef-building corals host symbiotic algae called zooxanthellae
that provide energy (e.g., carbon) to the corals as byproducts from photosynthesis (Castro and Huber
2000), thus the requirement to occur within the photic zone. Azooxanthellate deep-water corals, those
that do not host symbiotic algae, also form reefs in the upper bathyal zone, although these reefs are
much less extensive. Reef-forming corals have calcium carbonate skeletons and grow together to form
massive structures. Non-reef building corals generally lack zooxanthellae. Most hard corals and some

! Non-coral cnidarians are described as a taxonomic group (see Section 8.20).
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soft corals are habitat-forming (Freiwald et al. 2004; Spalding, Ravilious, and Green 2001). Corals,
functioning as a marine habitat, are described in Chapter 11, Marine Habitats.

8.3.2 Status and Management

Over the past twenty years a broad scientific consensus has emerged that the world’s coral reefs are
rapidly degrading (Brainard et al. 2011; Bruno and Selig 2007; Hoegh-Guldberg et al. 2007; Wilkinson
2002). While this chapter focuses on proposed ESA coral species in the MRA Study Area, site-specific
condition of corals within the MRA Study Area is presented in Section 11.3.7, Marine Habitats.

In February 2010, NMFS issued a “Notice of 90-Day Finding on a Petition to List 82 Species as
Threatened or Endangered Under the ESA” (Brainard et al. 2011). Of the candidate species included on
the petition, 12 families and 64 species occur within the MRA Study Area. As of 2013, 66 of these
candidate species have been categorized as proposed, 12 of which are proposed endangered and 54 are
proposed threatened.

Federal coral reef management efforts include the U. S. Coral Reef Task Force’s aims to protect and
preserve coral reefs (Executive Order 13089 1998). The Navy is the Department of Defense (DoD)
representative to the U.S. Coral Reef Task Force. The Navy also carries out the “Coral Reef Protection
Implementation Plan,” which provides information regarding protection and conservation of coral reefs
to DoD forces and agencies (Department of Defense 2000). The ESA regulatory status and presence of
these species in the MRA Study Area are listed in Table 8-1. Proposed species are those petitioned
species that are actively being considered for listing as endangered or threatened under the ESA, as well
as those species for which NMFS has initiated an ESA status review that it announced in the Federal
Register (National Marine Fisheries Service 2010).

8.3.3 Population and Abundance

The Mariana nearshore environment is characterized by extensive coral bottom and coral reef areas.
There are fewer reef-building hard coral species and genera in the northern compared to the southern
Mariana Islands: 159 species and 43 genera of hard coral species in the northern islands versus 256
species and 56 genera in the southern islands (Abraham et al. 2004; Randall 2003). The diversity of
Mariana reef-building corals is somewhat lower than other western Pacific regions (Philippine Islands
[around 411 species], Ryukyu and Japan Islands [around 381 species] (Randall 1995), but it is more
diverse than other U.S. Pacific islands (Richmond et al. 2008; Riegl and Dodge 2008) .

Coral coverage throughout the Mariana Archipelago estimated from satellite imagery is about 27.8
percent of the coral reef area (National Oceanic and Atmospheric Administration 2005). Additionally,
results from rapid ecological assessment benthic surveys, conducted in the fore reef habitats of the
Mariana Archipelago, recorded 50 genera of Anthozoa (Brainard et al. 2012). Based on a review of the
limited data, the conclusion is that between 254 and 377 species of corals could occur in the Mariana
Islands (Randall 1995, 2003; Richmond et al. 2008; Riegl et al. 2008).

8.3.4 Biology, Ecology, and Behavior

The ecological and evolutionary rationale for the various sexual and asexual reproductive strategies
exhibited in corals are not well understood (Fautin 2002). Most of the shallow-water species reproduce
by spawning. Some species brood live young, and some coral species engage in both spawning and
brooding (Fautin 2002). Furthermore, most corals are capable of asexual reproduction by fragmentation.
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Successful reproduction through fragmentation is most often seen in branching corals that are more
likely to break, possibly due to the greater survival rate of axial corallites (branches) over inner portions
of a colony (Boulon et al. 2005; Lirman 2000). Reproductive potential (fecundity) is a function of colony
age and size, while stressors to corals reduce reproductive potential relative to the level of stress
experienced, up to halting reproduction for several years (Boulon et al. 2005; Fautin 2002; Lirman 2000).

Across coral species, larval duration ranges from a few days to months (reviewed by Jones et al. (2009),
but short durations of 3 to 9 days are much more common (Hughes et al. 2000; Vermeij et al. 2010).
Accordingly, dispersal can range from a few tens of meters to 2000 kilometers (km), but local dispersal
on a scale of tens of km occurs much more frequently than long-distance dispersal (Jones et al. 2009;
Mumby and Steneck 2008). Long-distance dispersal is more commonly associated with spawning corals,
and these buoyant eggs and planktonic larvae (typically free-swimming planulae) are more likely to be
found in open ocean areas. Within the Yaeyama Islands of the MRA Study Area, peak spawning of
Acropora corals occurs around the full moon in May, with settlement 5—7 days after spawning
(Nakamura and Sakai 2010).

Coral planulae density in the water directly over the reef is zero except during reproduction, when
density peaks at 1,600 per 100 cubic meter (m?) (brooding species) to 16,000 per 100 m? (spawning
species) during reproduction (Hodgson 1985). On the Great Barrier Reef, similar densities of coral larvae
directly over the reef rapidly dispersed by 3 to 5 orders of magnitude in waters 5 km distant from the
reef (Oliver et al. 1992). However, eggs, larvae, and planulae are not homogenously distributed but
sometimes travel in semi-coherent aggregations (slicks) or become concentrated along oceanic fronts
(Hughes et al. 2000; Jones et al. 2009).

Coral larvae can differentiate among habitats to find sites suitable for settlement (Erwin, Song, and
Szmant 2008; Raimondi and Morse 2000), and recent research suggests that coral larvae respond to
sounds that may serve as a cue to orient them to suitable settlement sites (Vermeij et al. 2010). Coral
growth rates are generally constant as the colony ages, varying widely among species from
approximately 0.25 to 5 inches (5 to 130 millimeters) per year (Buddemeier, Maragos, and Knutson
1974; Edinger et al. 2000; Hoeke et al. 2011). In general, branching corals grow faster than massive or
encrusting corals. Reproductive maturity is reached between 3 and 8 years, the average generation time
is 10 years, and longevity ranges from several decades to millennia (Brainard et al. 2011).

Predators of corals include sea stars, snails, and fishes (Boulon et al. 2005; Gochfeld 2004; Gulko 1998).
The crown of thorns sea star is the primary predator of most proposed ESA coral species (Gulko
1998).During the larval stage, coral planulae may experience 90 percent (%) or higher mortality from
zooplankton and filter-feeders (Boulon et al. 2005). Coral defenses against predation include the
presence of symbiotic crabs and biological responses, including withdrawing tentacles and increasing
the number of nematocysts on previously damaged polyps (Gochfeld 2004; Gulko 1998).

Corals prey on zooplankton, which are small, often microscopic, organisms found in the water column.
Corals capture prey in tentacles armed with stinging cells that surround the corals’ mouths or by
employing a mucus-net to catch suspended prey (Brusca and Brusca 2003). In addition to capturing prey,
corals possess a unique method of acquiring essential nutrients through their symbiotic relationship
with zooxanthellae (Dubinsky and Berman-Frank 2001). The coral host provides nitrogen in the form of
waste to the zooxanthellae, and the zooxanthellae provide organic compounds produced by
photosynthesis to its host (Brusca and Brusca 2003; Schuhmacher and Zibrowius 1985). Some corals
derive most of their energy from their zooxanthellae symbionts, resulting in dramatically reduced need
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for the coral to feed on zooplankton (van Oppen and Lough 2009). Zooxanthellae are also responsible
for the characteristic color of a given species.

8.3.5 Habitat and Distribution

Corals are typically found in oligotrophic, shallow waters that allow sufficient sunlight penetration to
support the zooxanthellae unicellular algae that they host. They primarily inhabit areas facing the
seaward margins of islands where waves and currents provide optimal mixing and flushing of seawater,
support propagation of gametes and coral fragments, and transport essential minerals and nutrients to
the corals (Ginsburg and Shinn 1964).

Corals are found throughout the MRA Study Area, concentrated at shallow reef and seamount habitats.
Apart from a few exceptions, coral reefs in the Pacific Ocean are confined to the warm tropical and
subtropical waters between 30° N and 30° S. Over 400 scleractinian and hydrozoan coral species
representing 21 families and 108 genera have been identified from the shallow-water coral reefs of U.S.
Territory of Guam (Guam) and the Mariana Islands.

Coral growth and distribution in the Mariana archipelago are positively influenced by relatively high
salinity levels, low-to-moderate wave action, and minimal volcanic activity in the past 90 years (Houk
and Starmer 2010). Positive geomorphological settings include islands that are large enough to provide a
variety of habitats, yet small enough that reef-inhibiting effects of rivers and runoff are generally trivial
(Brainard et al. 2012; Riegl et al. 2008), except as noted in the U.S. Department of the Navy (2010)
report where radical land cover changes have occurred on Guam.

The islands of the Commonwealth of the Northern Mariana Islands (CNMI) are principally surrounded by
fringing spur-and-groove reefs; barrier, lagoon, patch, and bank reefs are infrequent (Riegl et al. 2008).
Four distinct geomorphological reef types encompass most reefs of the CNMI (Houk and Starmer 2010;
Houk and van Woesik 2010; Minton et al. 2009), as follows:

¢ Holocene spur-and-groove—high coral densities, species richness, and large colony size
¢ Holocene high-relief slope—Ilow coral species richness and high intra-site variation

¢ Holocene low-relief—low species richness, few large corals, many small corals

e Pleistocene basement—few corals and little three-dimensional relief

Constructional spur-and-groove reefs support larger coral colony size and higher coral species in
comparison to other habitat types in the CNMI (Houk and Starmer 2010; Minton et al. 2009). The most
developed and oldest coral reefs of CNMI are on the southern archipelago islands (Starmer et al. 2008).
The younger active volcanic islands are in the northern part of the CNMI. Studies indicate an increase in
generic richness in the Mariana Islands from north to south (Brainard et al. 2012; Randall 1995).
Acropora, Montipora, Pocillopora, and Favia corals are the characteristic groups of reefs exposed to
moderate wave energy (Houk and van Woesik 2010). Harsh environments are not conducive to
colonization and growth, although whether this is because of fewer corals settling or few corals
surviving post-settlement is unclear. Small, low relief, and encrusting colonies dominate harsh
environments (Houk and van Woesik 2010).

The dominant coral species in Apra Harbor, Guam, is Porites rus, which is not a proposed species (Dollar
and Hochberg 2010, 2011). This is the primary species on patch reefs and harbor slopes to the seafloor
(Helber Hastert & Fee 2007). Despite patches of higher diversity, Apra Harbor coral diversity is relatively
low, and generally increases outside the harbor and away from major streams (e.g., Sasa Bay, Piti Bay,
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and Agat Bay) (Helber Hastert & Fee 2007). One study (Smith 2007) indicated Pavona cactus is the
dominant species at a site named Dry Dock within Apra Harbor.

Of the proposed species in the MRA Study Area, Acropora verweyi occurs at high densities (0.90 colonies
per square meter [m?]) at one site (Chul-A9) on Tinian. None of the dominant corals at Orote Point on
Guam is a proposed species (Smith and Marx 2006).

8.3.6 Threats

Because corals are key habitat-forming invertebrates, threats to them and to coral reefs are well
studied. Factors that can stress or damage coral reefs are coastal development (Field et al. 2008; Risk
2009), impacts from inland pollution and erosion (Cortes and Risk 1985), coastal runoff (Downs et al.
2009), overexploitation and destructive fishing practices (Jackson et al. 2001; Pandolfi et al. 2003), global
climate change and ocean acidification (Hughes et al. 2003), disease (Lesser et al. 2007; Porter et al.
2001), predation (Hayes 1990), harvest for the aquarium trade (Caribbean Fishery Management Council
1994), anchor damage (Burke and Maidens 2004), invasive species (Bryant et al. 1998; Galloway,
Bruckner, and Woodley 2009; National Marine Fisheries Service 2010; Wilkinson 2002), ship groundings
(National Oceanic and Atmospheric Administration 2010a), oil spills (National Oceanic and Atmospheric
Administration 2001), bioprospecting (Hunt and Vincent 2006), and possibly human-made noise which
may mask the natural reef sounds that serve as cues the planulae use to orient them toward suitable
settlement sites (Vermeij et al. 2010). Coral growth rates are reduced because of a decrease in the pH of
the ocean linked to global climate change (Cohen et al. 2009).

All of the threats cited above reduce tolerance to global climate change (Ateweberhan and McClanahan
2010; Carilli et al. 2010; Sheppard, Davy, and Pilling 2009) and coral bleaching. The causes of coral
bleaching are reasonably well understood, and are often tied to atypically high sea temperatures (Brown
1997; Glynn 1993; van Oppen and Lough 2009), causing the coral to expel the symbiotic algae. This
relationship with zooxanthellae is essential for reef-building corals because zooxanthellae supply
essential nutrients to corals and give them their distinctive colors. When the algae dies or is expelled,
the colors disappear and corals appear white or bleached. If the coral remains without the nutrients
provided by the zooxanthellae for too long, the bleached coral can die.

Once a species is made vulnerable by human-caused events, impacts from natural events corals have
adapted to recover from can magnify, ultimately causing mortality (Knowlton 2001). These factors have
led to a conclusion that the coral reefs in the MRA Study Area are among the most degraded in the
world (Bryant et al. 1998; Pandolfi et al. 2005).

Coastal Development, Land-based Pollution, Erosion, and Runoff. Land-based pollutants include
nutrients, sediment, toxins, and salinity stressors (Brainard et al. 2011). These stressors can act
synergistically and are influenced by biological and hydrological factors (Brainard et al. 2011). Land-
based sources of pollution may pose significant threats at local scales and reduce the resilience of corals
to bleaching (Carilli et al. 2009; Wooldridge 2009). This is particularly important for species with limited
range (Brainard et al. 2011). The impacts of watershed pollution on vulnerable corals species are most
apparent in less harsh environments, including enclosed bays and sheltered shorelines (Houk and van
Woesik 2010).

Some toxins such as Irgarol-1051, an antifouling biocide, have been detected along Okinawan shorelines
and pose threats to reef life. Ecotoxicological experiments showed a significant reduction in the
photosynthetic rate of a common octocorol, Galexa fascicularis, when the corals were exposed to 1,000
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and 10,000 nanograms per liter of Irgarol. Average in-water concentrations were well below these
values, and Irgarol does not appear to pose a serious threat to carbon metabolisms of scleractinian
corals at this time (Sheikh et al. 2009).

Natural processes can also have harmful effects on marine ecosystems. Biological surveys after the 2003
eruption of the volcano on Anahatan Island in CNMI show that ash from volcanic eruptions can cover
the benthos and thus coral reef communities. Post-eruption, corals showed signs of stress in the form of
bleaching (Vroom and Zgliczynski 2011). In general, coral species may show differing levels of stress
from pyroclastic events based on differences in polyp ability to cope with sedimentation.

Global Climate Change and Acidification. Most coral studies have shown negative relationships
between ocean acidification and growth. Ocean acidification likely will contribute to future reef
destruction (Brainard et al. 2011; Hoegh-Guldberg et al. 2007; Silverman et al. 2009). Physiological stress
and decrease in nutrition associated with bleaching are likely to result in lowered fecundity and
increased susceptibility to disease (Bruno et al. 2007; Muller et al. 2008; Whelan et al. 2007).

Disease. While there are no confirmed species-specific diseases, coral disease scientists have noted that
some diseases appear to be species-specific, at least within a given location. Some "white" diseases,
including white band, white pox, and white plague, seem to preferentially impact colonies of Acropora
(Galloway, Bruckner, and Woodley 2009). Diseases can devastate individual coral species within a region
(Aronson and Precht 2001; Bruckner and Hill 2009). Data indicate increasingly broad impacts of
disease—geographically and within taxa (Brainard et al. 2011).

Predation. Some groups of corals are more or less susceptible to predation and general threats. For
example, the predatory snail (Drupella cornus) feeds preferentially, but not exclusively, on Acropora
species (Grober-Dunsmore, Bonito, and Frazer 2006). The crown-of-thorns sea star feeds preferentially,
but not exclusively, on Montipora and Acropora coral species (Colgan 1987).

Aquarium Trade. The aquarium industry harvested approximately 5% of the global wild coral population
in the late 1980s, with harvest levels increasing every year until 1997 (Sakashita and Wolf 2009).
Indonesia has historically supplied approximately 71% of this live coral trade. The live coral trade has
various taxa-specific preferences, including many Acropora and Porites species, Caulastrea echinulata,
Heliopora coerulea. (Sakashita and Wolf 2009), and as the greatest consumer of aquarium animals, the
U.S. holds considerable sway over the conduct of the aquarium trade (Tissot et al. 2010).

Oil. Exposure to oil runoff from land, natural seepage, or spills from offshore drilling or tankers are
threats to coral reefs (National Oceanic and Atmospheric Administration 2001). Factors such as the oil
type, quantity, exposure time, and season can affect organism toxicity levels. Branching corals such as
the ESA-listed elkhorn and staghorn corals are less resistant to oil than other types of coral (National
Oceanic and Atmospheric Administration 2001). Reproductive and early life stages are especially
sensitive to oil exposure (Shafir, Van Rijn, and Rinkevich 2007), which can result in coral death, delayed
reproduction, altered development and growth, and altered behavior (National Oceanic and
Atmospheric Administration 2001). Overall, the impact of oil spills on coral reefs is poorly documented.

Threat Assessment Associated with the 82 Candidate Coral Species. As part of the assessment to
address the petition on the 82 candidate coral species, NMFS identified the following threats on corals:
disease outbreaks since 1980; habitat degradation and modification due to sedimentation; increased
predation; hurricanes; pollution; alien species; invasive green algae; limited distribution; damage from
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mechanical fishing gear, anchors, fish pots, divers, and swimmers; and coral bleaching (Brainard et al.
2011).

8.4 ACROPORIDAE PROPOSED CORALS

Within the MRA Study Area, 24 species of Acroporidae corals have been proposed to be listed as
threatened under the ESA (National Marine Fisheries Service 2012). These proposed species represent
four genera; Acropora (17 species), Anacropora (2 species), Astreopora (1 species), and Montipora (4
species) (see Table 8-2; Brainard et al. (2011).

8.4.1 Description

All species of Acroporid corals are colonial and zooxanthellate (Veron 2000). Except in the genus
Astreopora, corallites of species within this family are small, with two or fewer cycles of septa and
seldom developed columellae. In the Pacific, the genus Acropora are considered a particularly important
group ecologically, exhibiting both a longitudinally and latitudinally wide range, and have been the
subject of extensive ecological and taxonomic research (Brainard et al. 2011). Bare et al. (2010) reports
living Acroporid corals occur at depths to 60 m and deeper in clear water. Colony structure of some
species, such as A. aspera, can vary greatly throughout habitat types (Brainard et al. 2011).

8.4.2 Biology, Ecology, and Behavior

Data indicate that Acroporid corals have adapted for rapid growth as a mechanism to compete for
space. This strategy limits their biochemical defenses (Palmer, Bythell, and Willis 2010) and weakens
their ability to withstand environmental stressors because of their thinner and less nutrient-rich tissue
(Brainard et al. 2011; Loya et al. 2001; Rotjan 2007). To date, all species of Acroporid corals that have
been studied are simultaneous hermaphrodites (Baird, Guest, and Willis 2009). Some Acroporid corals
have branching morphologies, and can reproduce via fragmentation, although this only increases
survival in the short term (Brainard et al. 2011). A. paniculata extends its tentacles only at night, feeding
on drifting particles in its shallow reef habitat (Veron 2000).

The species Isopora cuneata reproduces via external fertilization and larval development (Wallace et al.
2007), where its zooxanthellate larvae can survive from 4 to 209 days in the planktonic stage (Graham,
Baird, and Connolly 2008). Because the colonies are sessile, close proximity to each other is necessary
for successful fertilization (Coma and Lasker 1997). Gametes are released in bundles of egg and sperm
by each polyp. Fertilization occurs at the sea surface after the bundles open. Self-fertilization is
infrequent (Brainard et al. 2011). Gametes are viable with high fertilization rates for 8 hours after
spawning (Brainard et al. 2011).

Spatial-temporal recruitment patterns of corals around Irimote Island, Japan suggest that at a local
scale, larval dispersal and subsequent recruitment patterns are influenced by embryonic development
time and wind-driven surface currents. Acroporid corals and poritid corals are likely more resilient to
local disturbances than pocilliporid corals, as pocilliporid larvae depend on local stocks (i.e., their larvae
do not disperse as far) (Nakamura and Sakai 2010).
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8.4.3 Family-specific Threats

Acroporid corals tend to be highly vulnerable to predations, disease, sedimentation, and high
temperatures (Brainard et al. 2011), and are known to be among the first coral to display high mortality
during times of stress (Riegl 2002). Acroporid corals are also a focus of the aquarium trade.

Predation. Most corallivorous invertebrates prey upon Acroporid corals, although this preference is not
exclusive (Motta 1989). Wrasses prey upon Anacropora spinosa in proportion to availability (Cole,
Pratchett, and Jones 2010), although population-level effects of this predation are unknown.

Disease. From 1950 to 2012, 1302 disease counts covered 17,480 m? of transects across the tropics in
Acroporid corals. These diseases include trematodiasis (the most prevalent), growth anomalies,
Caribbean yellow band disease, dark spot disease, white plaque, black band disease, and other
unspecified diseases (UNEP World Conservation Monitoring Centre 2010). Disease counts of Montipora
corals numbered 75 from 5,250 m? of global transects during 1950-2012; these diseases, categorized by
coral disease scientists, include growth anomalies, other, and white syndrome in order of prevalence
(UNEP World Conservation Monitoring Centre 2010). No disease counts have been recorded in the
Global Coral Disease Database for Astreopora, Anacropora, and Isopora corals.

Sedimentation and Water Quality. Monitpora has been reported as a “sediment-intolerant” genus, with
some congeners characterized as sediment tolerant (Hodgson 1990; McClanahan and Obura 1997,
Stafford-Smith 1993). In Egypt, A. spinosa is not vulnerable to sedimentation or macroalgal interactions,
in contrast to congener A. forbesi (Brainard et al. 2011). The growth rate of Isopora cuneata has been
noted to decrease in competition with algae (Tanner 1995). I. cuneata can host specialized types of C
zooxanthellae in turbid environments at high latitudes (Wicks et al. 2010), and can adapt to low light
environments by altering photosynthetic operations, by increasing zooxanthellae density (Thinh 1991).

Global Climate Change. According to published rankings, branching Montipora species have a relatively
high response to bleaching in both Australia and east Africa (Marshall and Baird 2000; McClanahan et al.
2007). Of the 18 Montipora species listed on the Great Barrier Reef, Monitpora caliculata was ranked as
the seventh most susceptible to bleaching (Brainard et al. 2011). M. caliculata showed only moderate
bleaching in French Polynesia during the 2002 bleaching event (Hughes et al. 2003). In Acropora verweyi,
reduced carbonate concentration can decrease calcification rates (Marubini, Ferrier-Pages, and Cuif
2003).

Aquarium Trade. Collection and trade pose risks to Acroporid corals. According to the International
Union for Conservation of Nature (IUCN) Species Accounts, the Acropora genus is among the top three
coral genera collected and exported for the aquarium trade (Convention on International Trade in
Endangered Species 2010). According to the Convention on the Conservation of Migratory Species of
Wild Fauna and Flora (CITES) database, 270,000 pieces of Acroporid corals were exported from
Indonesia in 2010, while the export quota was only 2,600 pieces (Convention on International Trade in
Endangered Species 2010).

Table 8-2 lists habitats and ranges of Acroporidae corals.
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Table 8-2: Acroporidae Corals Habitat and Range
Global Range
. including relative .
Species ( & Habitat Depth Abundance ESA Status
range of Acropora
1
spp.)
(15th) From East Africa
o Common and
to the Pitcairn Islands; | Shallow lagoon, .
Acropora . Low tide to locally abundant, Proposed
Japan to Great Barrier | protected from .
aculeus . . . 20m esp. in Indo- Threatened
Reef, including CNMI wave action .
Pacific
and Guam
(5th) Red Sea to
Pitcairn Islands; Occasionally in
Acropora Taiwan to Great extensive clumps Proposed
p. Barrier Reef. Common | Not available 15to20m with dimensions P
acuminata . Threatened
in center of range, can of several
be uncommon meters
elsewhere
(46™) Red Sea and Can live in
Oman to Samoa; Broad with . extensive clumps
Acropora . . Low tide to at . . . Proposed
aspera Japan to Great Barrier | varying colony least 10 m with dimensions Threatened
P Reef, including CNMI structure of several
and Guam meters
Sri Lanka and
Northern Bay of
Acropora Bengal to central Upper reef Uncommon or Proposed
o 5to20m
dendrum Indo-Pacific, Japan to slopes rare Threatened
east and west coasts
of Australia
44™) sri Lanka and o
(447) Sri Lanka an Shallow fringing
Northern Bay of reefs and uboer
Acropora Bengal to central PP Uncommon but Proposed
. o slopes where 5to20m S
donei Indo-Pacific, Japan to distinctive Threatened
Acropora
east and west coasts diversity is high
of Australia ¥ &
(88th) Bay of Bengal to
Pitcairn Islands, Intertidal ubper
Acropora Ogasawara Islands to » ubp Proposed
. . . reef slopes and Omto8m Common
globiceps the equator, including Threatened
. . reef flats
Marianas Archipelago
and Micronesia
Fringing reefs
with turbid
. water, subtidal,
(14th) Indian Ocean to !
L sheltered
Acropora Pitcairn Islands, Japan . Usually Proposed
. L . habitats, 5to20 m
horrida to Australia, including | . . uncommon Threatened
including deep
Palau
water flats,
lagoons, and
sandy slopes
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Table 8-2: Acroporidae Corals Habitat and Range
Global Range
. including relative .
Species ( & Habitat Depth Abundance ESA Status
range of Acropora
1
spp.)
(13th) Red Sea, Subtidal shallow
western Indian Ocean | reef edges,
Acropora to central Indo-Pacific, | upper reef Near surface Uncommon Proposed
listeri Japan to Australia, slopes, and in tol5m Threatened
including Marianas strong wave
and Caroline Islands action
(20™) Red Sea,
western Indian Ocean
Acropora to central Indo-Pacific, | Upper reef Proposed
. p . PP 5to20m Uncommon P
microclados Japan to Australia, slopes Threatened
including Marianas
and Caroline Islands
. Reef flats,
(52") Northern Indian | "o ats, tops
and edges
Ocean, central Indo- exposed to
Acropora Pacific, from Japan to P Proposed
strong wave 5to20m Uncommon
palmerae west and east coasts . Threatened
. . action; shallow
of Australia, including
Marianas lagoons to
subtidal
th Upper reef Uncommon or
(40°) Red Sea, Indo- slopes, just rare, except in
Acropora Pacific to Pitcairn p. & ’ P Proposed
. subtidal, reef 10to35m Papua New
paniculata Islands; Japan to Great . . Threatened
. e edges, sheltered Guinea where it
Barrier Reef; Hawai‘i .
lagoons is common
Upper reef
(29") Red Sea, slzpes exposed
southwest and central P P
. to strong wave
Acropora Indian Ocean, central action; reef tops Proposed
P Indo-Pacific to Cook ! . P 3to10m Uncommon P
polystoma and edges in Threatened
Islands, Japan to west .
high current
and east coasts of . .
Australia areas; intertidal
to subtidal
(63rd) Western Indian Protected
Ocean to Pitcairn environments 141040 m
Acropora Islands; Micronesia to | with clear water N Proposed
. . mesophotic Uncommon
speciosa Northern Great and high Threatened
. . . . . assemblages
Barrier Reef, including | diversity of
Palau Acropora
(54th) Indo-Pacific to Rare, but may be
L Shallow rocky .
Acropora Pitcairn Islands, Japan locally-dominant Proposed
. . . foreshores and 10to 25 m .
striata to Indonesia, including in some areas of Threatened
. . shallow reef flats
Marianas Archipelago Japan
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Table 8-2: Acroporidae Corals Habitat and Range
Global Range
. including relative .
Species ( & Habitat Depth Abundance ESA Status
range of Acropora
1
spp.)
Below 40 m t0
- 70 m on
(72™) Indo-Pacific to 25t0 70 m,
. . protected slopes Locally common
Acropora Japan, including known for . Proposed
. . and shelves, . in some
tenella Mariana Archipelago . mesophotic . Threatened
specialized to . locations
and Palau habitats
calm, deep
conditions
(34th) Red Sea, Fringing reefs
Western Indian Ocean . ging .
- with turbid .
Acropora to Pitcairn Islands; Low tide levels Proposed
. . waters, Uncommon
vaughani Japan to Australia, to30m Threatened
. . . protected lagoon
including Marianas and sandv slopes
Archipelago and Palau ysiop
(16th) East Africa to Shallow-water
southeastern Pacific; species, upper Generally
Acropora Japan to the Great reef slopes and Low tide toat | common, and Proposed
verweyi Barrier Reef including | reef where least 10 m can be locally Threatened
the Marianas circulation is abundant
Archipelago good
Indo-Pacific to Fiji;
. Uncommon but
Japan to Great Barrier | Shallow reefs,
Anacropora . . can form large Proposed
Reef, including found separated | 5to20m . .
puertogalerae . . thickets in the Threatened
Mariana Archipelago from reefs Philiopines
and Palau PP
Shallow reef in
clear or slightly
. turbid water and Uncommon but
Indo-Pacific, Japan to .
Anacropora e . . soft substrates may occur in Proposed
, Fiji, including Mariana 5to15m .
spinosa . of lower reef extensive tracts Endangered
Archipelago . .
slopes; found in certain areas
separated from
reefs
Red Sea; Indo-Pacific
Astreopora to Samoan Protected reef Proposed
. . . 5to15m rare
cucullata archipelago; Taiwan to | environments Threatened
Great Barrier Reef
Sri Lanka through
Montipora Indo-Pacific to Pitcairn | Fringing reefs At least 1 mto Mostly rare Proposed
angulata Islands; Japan to both | and reef flats 20m y Threatened
coasts of Australia
East Africa and
! . Shallow reef
. southern Indian Ocean .
Montipora i environments Proposed
L to east-central Pacific; . . 2to30m Rare
australiensis with high wave Threatened
Japan to both coasts .
. action
of Australia
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Table 8-2: Acroporidae Corals Habitat and Range

Global Range
(including relative
range of Acropora

spp.)’

Species Habitat Depth Abundance ESA Status

East Africa to Rapa

Nui; Southern Japan .

. Found in most

Montipora Islands to both coasts Proposed

. . . reef Upto20m Uncommon

caliculata of Australia, including . Threatened
. . environments

Mariana Archipelago

and Palau

East Africa, Marianas
Archipelago, Fiji to
Rapa Nui

Montipora
lobulata

hall f P
S a. ow ree Upto20m Rare roposed
environments Threatened

Sources: Brown and Wolf (2009); Brainard et al. (2011); Carpenter et al. (2008); and Veron (2000).

! Species of the genus Acropora underwent ecological and genetic comparison of naturally rare and very common species
(Richards et al. 2008), including a ranking of 114 species by geographic range size (i.e., #1 has the broadest range while #114
has the most restricted range). The rankings are providing in the parentheses under the global range column.

CNMI = Commonwealth of the Northern Mariana Islands

m = meter

8.5 AGARICIDAE PROPOSED CORALS

Within the MRA Study Area, two species of Agariciidae corals, Pavona diffluens and Pachyseris rugosa,
have been proposed to be listed as threatened under the ESA (National Marine Fisheries Service 2012).

8.5.1 Description

Species in the Leptoseris genus have generally small (fewer than 20 centimeters [cm]) colonies that are
boulder-shaped or encrusting, or more commonly plate or leaf-like. They often have a distinctive central
corallite distinguished by central columellae, usually separated by ridges and interconnected by fine
septocostal walls (Veron 2000). Immersed corallites have poorly defined thickened walls, while loosely
packed septa have smooth or finely serrated margins, are continuous between adjacent corallite
centers, and seldom fuse (Veron 2000). All species in the Agariciidae family are colonial, and all extant
species are zooxanthellate (Veron 2000). Tentacles generally extend only at night.

8.5.2 Habitats and Distribution

Agariciidae corals are common on protected reef slopes and in lagoons and form a small part of the
large number of reef-building corals in the Pacific (Randall 2003). Of six extant genera, Leptoseris occurs
in both the Western Atlantic and the Indo-Pacific, Agaricia is restricted to the Western Atlantic, and the
other four genera (Pavona, Gardineroseris, Pachyseris, and Coeloseris) are restricted to the Indo-Pacific
(Veron 2000). The Agaricidae is represented in the Mariana Archipelago portion of the MRA Study Area
by the swelling coral Leptoseris incrustans, cactus coral Pavona cactus, and leaf corals Pavona spp.
(Randall 2003).
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8.5.3 Family-specific Threats

Disease. Pachyseris rugosa is known to be vulnerable to the ciliate disease skeletal eroding band
(Antonius and Lipscomb 2000). A survey in Indonesia showed that the black-band disease progressed
across Pachyseris rugosa at an average rate of 0.63 cm per day (Haapkyla et al. 2009).

Sedimentation and Water Quality. Within the family Agariciidae, Pavona species are regarded as
moderately tolerant to sediment stress (Brainard et al. 2011). Dredging has resulted in a high partial
mortality for Pachyseris rugosa (Brainard et al. 2011). The disappearance of Pachyseris rugosa in Jakarta
Bay between 1920 and 2005 was attributed to decreased water quality from coastal development (van
der Meij, Suharsono, and Hoeksema 2010). However, the branch structure of this species renders it
efficient at dealing with sediment (Stafford-Smith 1993).

Global Climate Change. Pavona species are susceptible to bleaching (Marshall and Baird 2000) and
acidification may slow calcification rates of Pavona species (Manzello 2010; Marubini, Ferrier-Pages, and
Cuif 2003). Pachyseris species undergo high, variable bleaching (Bruno et al. 2001; Marshall and Baird
2000; McClanahan et al. 2007; Stimson, Sakai, and Sembali 2002). This high bleaching rate and relative
rarity of the species may put Pachyseris at a relatively high risk of local extinction in the western Indian
Ocean (McClanahan et al. 2007). In 1994 in Guam, Pachyseris speciosa showed heavy bleaching (Paulay
and Benayahu 1999). Among the 17 genera evaluated, McClanahan et al. (2007) reported that the genus
Leptoseris has no bleaching response. Leptoseris yabei (LalJeunesse et al. 2004) may also be relatively
resistant to bleaching (Laleunesse et al. 2004; Smith et al. 2004).

Aquarium Trade. According to the CITES database, more than 1000 pieces of Pavona species are traded
each year, with Fiji the main exporter (Convention on International Trade in Endangered Species 2010).
The genus Pachyseris is traded, with substantial export of Pachyseris rugosa—averaging 1195 specimens
annually from 1991 to 2008 (Convention on International Trade in Endangered Species 2010).

Table 8-3 lists the habitats and ranges of Agariciidae corals.

Table 8-3: Agariciidae Corals Habitat and Range

Species Global Range Habitat Depth Abundance | ESA Status
Red Sea, east Africa to central Reefs exposed to
.| Pacific; Japan to Australia, strong wave action;

Pachyseris | . . . . Proposed
including Marianas may be associated 5to20m Common

rugosa . . . g . Threatened
Archipelago, Micronesia, and with fine grain
Palau sediments

Narrow distribution, only in

Red Sea, Arabian Gulf; recorded .

. . . Found in most reef Proposed

in Mariana Archipelago and . 5to20m Uncommon
. habitats Threatened

American Samoa by Carpenter

et al (2008)

Pavona
diffluens

Sources: Brown and Wolf (2009); Brainard et al. (2011); Carpenter et al. (2008); and Veron (2000).
m = meter

MARINE INVERTEBRATES 8-16




MARINE RESOURCE ASSESSMENT FOR THE JAPAN AND MARIANA ARCHIPELAGOS SEPTEMBER 2013

8.6 EUPHYLLIDAE PROPOSED CORALS

Within the MRA Study Area, three species of Euphyllidae corals, Euphyllia cristata, E. paraancora, and
Physogyra lichtensteini, have been proposed to be listed as threatened under the ESA (National Marine
Fisheries Service 2012). Euphyllidae contains five colonial, zooxanthellate, Indo-Pacific genera. Euphyllia
cristata occurs on all reef sections at depths of 1 to 35 m (3.3 to 114.8 ft.) Stevely and Sweat (2008).
8.6.1 Family-specific Threats

Aquarium Trade. The CITES database reports that Euphyllia cristata is heavily involved in the aquarium
trade from Indonesia, Fiji, Malaysia, and Tonga. Reportedly, annual exports from Indonesia averaged
over 36,000 pieces from 2000 to 2008 (Convention on International Trade in Endangered Species 2010).

Table 8-4 lists the habitats and ranges of Euphyllidae corals.

Table 8-4: Euphyllidae Corals Habitat and Range

Species Global Range Habitat Depth Abundance ESA Status
Indo-Pacific to central
Euphyllia Pacific; Ryukyu Islands. to Shallow reef Common to Proposed
. both coasts of Australia . 1to35m uncommon but
cristata . . . habitats . Threatened
including Mariana conspicuous
Archipelago
Restricted range and Uncommon:
highly centered in the Shallow and deep . ’
. . . . found in
Euphyllia Coral Triangle Region; reef environments - Proposed
. 3to30m monospecific
paraancora | reported in Japan, protected from Threatened
. . . carpetsat 6to 8
Mariana Archipelago and wave action m
Palau
Red Sea, Arabian Sea, Tur?ld reef .
. . environments with
Indian Ocean, Indo-Pacific . .
- tidal currents, Common in
Physogyra to central Pacific; Japan to rotected habitats 11020 m rotected Proposed
lichtensteini | both coasts of Australia, P . P . Threatened
. . . (crevices and habitats
including Marianas . .
. overhangs) in turbid
Archipelago and Palau
waters

Sources: Brown and Wolf (2009) and Brainard et al. (2011).

m = meter

8.7 FAVIIDAE PROPOSED CORALS

Within the MRA Study Area, two species of Faviidae corals, Barabattoia laddi and Caulastrea echinulata,
have been proposed to be listed as threatened under the ESA (National Marine Fisheries Service 2012).

8.7.1 Family-specific Threats

Global Climate Change. In general, the genus Cyphastrea is resistant to bleaching, demonstrated during
the 1998 mass bleaching on the Great Barrier Reef, where the genus was unaffected (Marshall and Baird
2000). Absence of bleaching notwithstanding, elevated temperatures have been shown to induce
mortality in Cyphastrea species (McClanahan 2004).
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Aquarium Trade. Within the family, trade of Caulastrea echinulata is high, with an annual average of
8,713 specimens from 1999 to 2009. The vast majority of these originated from Indonesia (Convention
on International Trade in Endangered Species 2010). Take quotas increased from 9,000 corals in 1999 to
10,670 in 2010. Trade of the genus Cyphastrea is light-to-moderate (Convention on International Trade
in Endangered Species 2010). From 1993 to 2008, an average of 70 specimens were exported
worldwide, except for a single year’s exports from Indonesia (2810 specimens exported in 1993).

Table 8-5 lists the habitats and ranges of Faviidae corals.

Table 8-5: Faviidae Corals Habitat and Range

Species Global Range Habitat Depth Abundance | ESA Status

Highly centered in the Coral Shallow lagoons Oto10m Rare
Triangle; stretches to Pitcairn

Barabattoia | Islands and Rapa Nui; Proposed

laddi Ogasawara Islands to Great Threatened
Barrier Reef, including Mariana
Archipelago
Primarily in Australia, Fiji, Horizontal substrates 1to20m | Uncommon
Indonesia, Japan; has been protected from wave

Caulastrea . [ . . . Proposed

. observed in Philippines, New action and with turbid

echinulata . Threatened
Caledonia, and the Solomon water
Islands

Sources: Brown and Wolf (2009) and Brainard et al. (2011).
m = meter

8.8 MILLEPORIDAE PROPOSED CORALS

Within the MRA Study Area, two species of Milleporidae coral, Millepora foveolata and M. tuberosa,
have been proposed to be listed as threatened under the ESA (National Marine Fisheries Service 2012).
Millepora appears to have become locally extinct in the tropical eastern Pacific (Glynn and Deweerdt
1991). M. foveolata is proposed to be listed as endangered and M. tuberosais is proposed to be listed as
threatened.

8.8.1 Family-specific Threats

Predation. Millepora species are preyed on by the crown-of-thorns seastar, although less preferred than
other corals species (Colgan 1987). They are also preyed on by the polychaete Hermodice carunculata,
the nudibranch (Phyllidia), and filefish of the genera Alutera and Cantherhines (Brainard et al. 2011).

Disease. Millepora species have been observed with skeleton-eroding-band disease in the Red Sea
(Winkler, Antonius, and Renegar 2004), black-band disease on the Great Barrier Reef (Brainard et al.
2011), and white plague in Florida (Richardson et al. 1998).

Global Climate Change. The genus Millepora has a high susceptibility to bleaching (Loya et al. 2001),
ranking most susceptible to bleaching initiated by high seawater temperature among 40 hermatypic
coral genera evaluated from the Great Barrier Reef (Marshall and Baird 2000). High seawater
temperatures can kill Millepora in the absence of visibly appreciable bleaching (McClanahan 2004).
While Millepora species are among the first to bleach and die, those that do not die from thermal stress
appear to be proficient at recovering by recruiting new colonies (Brainard et al. 2011). Millepora is
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reportedly highly susceptible to bleaching in the western Indian Ocean (McClanahan et al. 2007), but has
undergone low bleaching in French Polynesia (Gleason 1993).

Aquarium Trade. The genus Millepora is exported from Indonesia, Solomon Islands, and Fiji; exports
levels were between 200 and 3,000 pieces annually from 2000 to 2008 (Convention on International
Trade in Endangered Species 2010).

Table 8-6 lists the habitats and ranges for Milleporidae corals.

Table 8-6: Milleporidae Corals Habitat and Range

Species Global Range Habitat Depth Abundance ESA Status
Northern Mariana Islands Forefront of reef 1to8m Occasional
Millepora (but not southern), Palau, slope and upper Proposed
foveolata Great Barrier Reef, Taiwan, surface of buttress Endangered
Philippines ridges
Western Pacific (Taiwan, Fore reef and 1to12m | Occasional, but
Mariana Islands, Caroline lagoon areas is predominant
. Islands), occasionally in at Agat Boat
Millepora . Proposed
American Samoa; the Harbor
tuberosa L Threatened
species is often confused
with crustose coralline
algae and Millepora exaese.

Sources: Brown and Wolf (2009) and Brainard et al. (2011).
m = meter

8.9 MUuUsSSIDAE PROPOSED CORALS

Within the MRA Study Area, four species of Mussidae corals, Acanthastrea brevis, Acanthastrea
hemprichii, Acanthastrea ishigakiensis, and Acanthastrea regularis, (Brown and Wolf 2009) (Brown and
Wolf 2009) (Brown and Wolf 2009) have been proposed to be listed as threatened under the ESA
(National Marine Fisheries Service 2012).

8.9.1 Family-specific Threats
Global Climate Change. The genus Acanthastrea is reported as highly susceptibility to bleaching in the
western Indian Ocean (Marshall and Baird 2000; McClanahan et al. 2007), as well as in Australia,

although some species were unaffected during the 2002 Great Barrier Reef bleaching event (Brainard et
al. 2011). Acanthastrea sustained moderate bleaching in Palau in 1994 (Paulay and Benayahu 1999).

Table 8-7 lists the habitats and ranges of Mussidae corals.
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Table 8-7: Mussidae Corals Habitat and Range

Species Global Range Habitat Depth Abundance ESA Status
Red Sea, Gulf of Aden,
Indian Ocean to central Shallow reef
i . Uncommon
Acanthastrea | Indo-Pacific and western environments, all Proposed
. - 1to20m but
brevis Pacific; Ogasawara Islands | types of reef Threatened

. . conspicuous
to Great Barrier Reef; habitats P

reported in Guam

Red Sea, Gulf of Aden,
Western Indian Ocean,

Acanthastre . Most reef Pr
ca . S.. a Coral Triangle to Samoan O% ee 2to20m Uncommon oposed
hemoprichii . environments Threatened
Archipelago; Japan to
Great Barrier Reef
Red Sea, Gulf of Aden, East
Africa, Coral Triangle to Shallow Uncommon
Acanthastrea o Proposed
. central Pacific Ocean; protected reef 1tol5m but
ishigakiensis ) . . Threatened
Japan to Indonesia, environments conspicuous
including Palau
Central Indo-Pacific,
eastern Australia, oceanic
Acanthastrea o Shallow reef Proposed
. West Pacific, the . 1to20m Uncommon
regularis environments Threatened

Solomons, Fiji, Marianas
and Caroline Islands

Sources: Brown and Wolf (2009) and Brainard et al. (2011).
m = meter

8.10 PECTINIIDAE PROPOSED CORALS

Within the MRA Study Area, one species of Pectiniidae coral, Pectinia alcicornis, has been proposed to
be listed as threatened under the ESA (National Marine Fisheries Service 2012).

8.10.1 Family-specific Threats

Predation. Pectinid corals are highly susceptible to predation by the crown-of-thorns seastar (Brainard
et al. 2011).

Sedimentation and Water Quality. Pectina is in general a sediment-tolerant genus (Dikou and van
Woesik 2006), although on the Great Barrier Reef, P. alcicornis abundance and health decreased with
deteriorating water quality (Fabricius et al. 2005). P. alcicornis raised in the Waikiki Aquarium on Oahu,
Hawai‘i is characterized by high-nutrient, low-pH tolerance (Atkinson, Carlson, and Crow 1995), which
may imply that this species can tolerate acidic water and eutrophic conditions, although the impact of
acidification on growth has not been quantified (Brainard et al. 2011).

Global Climate Change. The genus Pectinia was among the most highly susceptible to bleaching on the
Great Barrier Reef in 1998 (Marshall and Baird 2000), but the species Pectinia alcicornis showed low
mortality on the Great Barrier Reef in the 2001 to 2002 mass bleaching event (Brainard et al. 2011).
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Aquarium Trade. The genus Pectina is heavily exported, primarily from the Philippines, Indonesia, and
the Solomon Islands. P. alcicornis exports were reported at 113 specimens during 2000 to 2003
(Convention on International Trade in Endangered Species 2010).

Table 8-8 lists the habitat and range of Pectinia alcicornis.

Table 8-8: Pectiniidae Corals Habitat and Range

Species Global Range Habitat Depth Abundance ESA Status
Turbid waters, often on
Indo-Pacific, including horizontal substrates,
Pectinia Australia, Fiji, Indonesia, most reef habitats, 5t0 25 m Usually Proposed
alcicornis | Japan, Philippines, Palau, shallow and deep; found uncommon Threatened
and India in caves in the great

Barrier Reef

Sources: Brown and Wolf (2009) and Brainard et al. (2011).
m = meter

8.11 POCILLOPORIDAE PROPOSED CORALS

Within the MRA Study Area, three species of Pocillopora corals, Pocillopora danae, Pocillopora elegans,
and Seriatopora aculeata, have been proposed to be listed as threatened under the ESA (National
Marine Fisheries Service 2012).

8.11.1 Description

Pocilloporidae family is represented in the MRA Study Area by two cauliflower corals, Pocillopora danae
and P. elegans, and birds nest coral, Seriatopora acualeata (Randall 2003). The Pocilloporidae family of

corals is colonial and zooxanthellate, and is found in partly protected reef slopes to depths of 15 m. The
family’s range encompasses the Central Indo-Pacific.

8.11.2 Biology, Ecology, and Behavior

Spatio-temporal recruitment patterns of corals around Irimote Island of the Yaeyama group suggest that
on a local scale, larval dispersal and subsequent recruitment patterns are influenced by embryonic
development duration and wind-driven surface currents. This difference in embryonic coral duration
indicates that Acroporid and Poritid corals are likely more resilient to local disturbances than pocilliporid
corals, as pocilliporid corals depend on local stocks (i.e., their larvae do not disperse as far) (Nakamura
and Sakai 2010).

8.11.3 Family-specific Threats

Predation. Pocillopora species are among the most commonly consumed coral by the crown-of-thorns
seastar (Glynn 1976), and are defended from Acanthaster predation by a crab and a snapping shrimp.
Acanthaster often target young colonies because they do not have these protective symbionts, although
large areas of continuous live pocilliporid corals can create protective barriers around young and
unprotected colonies (Glynn 1976). Pocillopora has also been identified as a preferred prey of
corallivorous invertebrates such as the asteroid Culcita novaeguineae (Glynn and Krupp 1986), the
gastropod Jenneria pustulata (Glynn 1976), and corallivorous fishes (Cole, Pratchett, and Jones 2008).
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Active predation could decrease recruitment success, due to the preference Acanthaster exhibits for
young, unprotected colonies.

Disease. Limited reports of disease in pocilliporids indicate that infectious disease is not a major threat
to members of this genus (Brainard et al. 2011).

Sedimentation and Water Quality. In the western Indian Ocean, Pocillopora is characterized as
sediment intolerant (McClanahan and Obura 1997). However this genus is often found in relatively
turbid waters in the eastern Pacific and Guam, and is considered sediment-tolerant in these areas
(Randall and Birkeland 1978; Rogers 1990). In Costa Rica, however, excess sedimentation has been
identified as the cause of reef collapse (Cortes 1990).

Global Climate Change. Pocillopora is among the genera most sensitive to bleaching—ranked eighth in
sensitivity among 39 genera (McClanahan et al. 2007). Pocillopora sensitivity to thermal stress has been
observed in the field and demonstrated in controlled laboratory settings (Berkelmans and Willis 1999;
Glynn and Dcroz 1990; Hueerkamp et al. 2001; Jokiel and Coles 1977). Manzello (2010) attributed the 25
to 30% decline in growth in P. elegans and P. damicornis in the eastern Pacific over the past 30 years to
acidification. The dominance of pocilloporids in the eastern Pacific implied a degree of tolerance to
acidification, but they may have actually been living close to a threshold for skeletal growth (Brainard et
al. 2011).

Table 8-9 lists the habitats and ranges of Pocillopora corals.

Table 8-9: Pocillopora Corals Habitat and Range

Species Global Range Habitat Depth Abundance ESA Staus

Western Pacific, part of the
central Pacific, Great Barrier

Pocill ! Partiall P

dZ,C,Iazpom Reef, Sri Lanka; observed around r(j;I:on Zgotected 1to15m Uncommon Th';zz’?:r?:d
Easter Island and in the Red Sea, P
CNMI, Guam

Locall
. Indo-Pacific, Guam, Mariana 1to20m, ocally .

Pocillopora e Shallow reef common in Proposed
Islands, central Pacific, eastern . observed

elegans . e environments some Threatened
tropical Pacific, Galapagos ate0m .

regions

Indo-Pacific, including Australia,
Fiji, Indonesia, Japan, Papua

Seriatopora | New Guinea, Madagascar, Bikini | Shallow reef Proposed

. . 3to40m Uncommon

aculeata Atoll, Palau; reported in Guam environments Threatened
but likely a mistake from picture
attributed to Guam from Palau

Sources: Brown and Wolf (2009) and Brainard et al. (2011).
CNMI = Commonwealth of the Northern Mariana Islands
m = meter
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8.12 PORITIDAE PROPOSED CORALS

Within the MRA Study Area, six species of Poritidae corals, Alveopora allingi, Alveopora fenestrata,
Alveopora verrilliana, Porites horizontalata, Porites napopora, and Porites nigrescens, have been
proposed to be listed as threatened under the ESA (National Marine Fisheries Service 2012).

8.12.1 Description

Porites corals are colonial. Alveopora is typically found in protected reef environments. While it is most
commonly reported at depths of 5 to 10 m, its tolerance of dim light conditions suggests that it can
occur at depths greater than 10 m (32.8 ft.), and its exact depth range is unknown. Poritidae corals
exhibit high percent cover and population density throughout various habitats within the Mariana
Archipelago (Houk and van Woesik 2010).

8.12.2 Biology, Ecology, and Behavior

Based on studies in Japan’s Irimote Island , a longer embryonic (i.e. pelagic dispersal) period indicates
that Poritid corals may be relatively more resilient to local disturbances than pocilliporid corals, as
Poritid corals can be reseeded from colonies much further removed from the site of a disturbance
(Nakamura and Sakai 2010).

8.12.3 Family-specific Threats

Predation. Porites are preyed upon by the crown-of-thorns seastar and corallivorous snails, and are
preyed upon but not preferred by the predatory asteroid Culcita novaeguineae and the butterflyfish
Chaetodon unimaculatus (Brainard et al. 2011).

Disease. A number of genus-level disease reports regarding Porites have cited subacute tissue loss, black
band disease, and fungus named Endolithis hypermycosis (UNEP World Conservation Monitoring Centre
2010).

Sedimentation and Water Quality. Porites are considered to have intermediate sediment tolerance in
the western Indian Ocean (McClanahan and Obura 1997), but are considered sediment-tolerant in Asia
and the eastern Pacific (Brown 1997; Rogers 1990).

Global Climate Change. Of the 39 genera tested,McClanahan et al. (2007) listed the genus Alveopora as
having the highest bleaching response in the Indian Ocean. In other studies, Alveopora also showed a
low tolerance to thermal stress in Guam in 1994 and South Africa in 2000 (Paulay and Benayahu 1999).
Massive Porites species are reported to have moderate susceptibility to bleaching (Marshall and Baird
2000; McClanahan et al. 2007), while branching Porites are comparable to Pocillopora and Acropora in
their bleaching susceptibility (Marshall and Baird 2000; McClanahan et al. 2007). Porites horizontalata
disappeared in Okinawa after the 1998 bleaching event (Loya et al. 2001). In a study focusing on Poritid
species (Barshis et al. 2010), the thermal history plays a large part in the reaction to subsequent thermal
stress, indicating the potential to adapt to cyclical warm-water events.

Aquarium Trade. According to the CITES Trade Database; 25,000 to 50,000 pieces of Porites species are
traded annually (Convention on International Trade in Endangered Species 2010).
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Table 8-10 lists the habitats and ranges of Poritidae corals.
Table 8-10: Poritidae Corals Habitat and Range
Species Global Range Habitat Depth Abundance ESA Status
Red Sea to East Africa and
central Pacific; from Ryukyu
Alveopora Islands and Red Sea to the Protected reef Usually Proposed
L . . 5to10m
allingi Great Barrier Reef and both environments uncommon Threatened
coasts of Australia to South
Africa, Mariana Islands
Red Sea to west Pacific;
Alveopora Mariana Islands to southern Shallow reef 31030 m Uncommon Proposed
fenestrata Africa and both coasts of environments Threatened
Australia
R | Pacific;
ed Sea to central Pacific; 31040 m, 20 to
Alveopora Ryukyu Islands to both Shallow reef . Proposed
e . . . 80 min the Red | Uncommon
verrilliana Australian coasts; possibly environment Threatened
o . Sea
Hawai‘i, Mariana Islands
5to 20 m, has
Maldives to central Pacific; been observed
Porites from Japan to New Shallow reef in deep waters | Sometimes Proposed
horizontalata | Caledonia, Northern Mariana | environments in American common Threatened
Islands Samoa and
New Caledonia
Limited to the west and
central Pacific, particularly
Porites the Coral Triangle; reported Shallow reef 3t015m Sometimes Proposed
napopora in Guam but likely a mistake environments common Threatened
from picture attributed to
Guam from Palau
East Africa to central Pacific;
Red Sea and south of Japan .
Sometimes
to halfway down both coasts
. . Lower reef common;
of Australia; no substantiated slopes and can be
Porites published or unpublished P Proposed
. . . lagoons 0.5t0 20 m locally
nigrescens records of its occurrence in . Threatened
. protected from abundant in
the Northern Mariana Islands . .
. . wave action Poritid
or the U.S. minor outlying assemblage
islands could be identified, g
although listed on IUCN
Sources: Brown and Wolf (2009) and Brainard et al. (2011).
IUCN = International Union for Conservation of Nature
m = meter
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8.13 TAXONOMIC GROUPS

Major invertebrate species groups include those with greater than 1,000 species (Appeltans et al. 2010).
All major marine invertebrate species groups are represented in the MRA Study Area, and are listed in

Table 8-11. As corals as a taxonomic group were already described in Section 8.3, discussion of the

phylum Cnidaria (Section 8.20) does not include a discussion on corals.

Table 8-11: Major Taxonomic Groups of Marine Invertebrates in the MRA Study Area

Major Invertebrate Groups1

Common Name
(Species Group)

Description

Physical Habitat

Foraminifera,
radiolarians, ciliates
(phylum Protozoa)

Bottom-dwelling and planktonic single-celled
organisms, many with shells made of calcium
carbonate or silica

Water column, seafloor

Sponges (phylum
Porifera)

Bottom-dwelling animals; large species have
calcium carbonate or silica spicules or bodies
embedded in cells to provide structural support

Seafloor

Hydroids and jellyfish
(phylum Cnidaria)

Bottom-dwelling and planktonic animals with
stinging cells

Water column, seafloor

Flatworms
(phylum
Platyhelminthes)

Mostly bottom-dwelling; simplest form of
marine worm with a flattened body

Water column, seafloor

Ribbon worms
(phylum Nemertea)

Bottom-dwelling marine worms with proboscis
or long extension from the mouth that helps
capture food

Seafloor

Round worms (phylum
Nematoda)

Small bottom-dwelling marine worms; many live
in close association with other animals

Water column, seafloor

Segmented worms
(phylum Annelida)

Mostly bottom-dwelling, highly mobile marine
worms; many tube-dwelling species

Seafloor

Bryozoans (phylum
Ectoprocta)

Lace-like animal; filter feeding colonies attached
to the seafloor

Seafloor

Squid, bivalves, sea
snails, chitons (phylum
Mollusca)

Bottom-dwelling and planktonic predators, filter
feeders, and grazers, with a foot and in some
groups a ribbon-like band of teeth used to
scrape food off rocks

Water column, seafloor

Shrimp, crab, lobster,
barnacles, copepods
(phylum Arthropoda -
Crustacea)

Bottom-dwelling and planktonic predators and
filter feeders with a skeleton that covers the
animal

Water column, seafloor

Sea stars, sea urchins,
sea cucumbers (phylum
Echinodermata)

Bottom dwelling predators and filter feeders
with tube feet

Seafloor

1Major species groups (those with more than 1,000 species) are based on the World Register of Marine Species (Appeltans et al.

2010) and Catalogue of Life (Bisby et al. 2010).
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8.14 FORAMINIFERA, RADIOLARIANS, CILIATES (PHYLUM PROTOZOA)

Foraminifera, radiolarians, and ciliates are minute, singled-celled organisms, sometimes forming
colonies of cells, belonging to the phylum Protozoa (Castro and Huber 2000). They are found in the
water column and seafloor of the world’s oceans. Foraminifera form diverse and intricate shells out of
calcium carbonate (Wetmore 2006). The shells of foraminifera that live in the water column eventually
sink to the deep seafloor, forming sediments known as foraminiferan ooze. Four new species of
foraminifera were recently discovered in the Challenger Deep at a depth of over 10,800 m (35,400 ft.) in
the Marianas Trench (Gooday et al. 2008). Foraminifera feed on diatoms and other small organisms.
Their predators include copepods and other zooplankton. Peculiar types of foraminifera are
Xenophyophores that have plex, habitat-forming structures similar to sponges (Buhl-Mortensen et al.
2010). Individual Xenophyophores are sometimes larger than 5 inches (10 cm), and they occur
throughout the oceans in waters deeper than 500 m. Radiolarians are microscopic organisms that form
glass-like shells made of silica. Radiolarian ooze covers large areas of the ocean floor (Castro and Huber
2000; Wetmore 2006). Ciliates are protozoans with small hairs that are used to feed and move around.
Over 300 species of the clade Foraminifera occur in the sands, sediment, substrate and marine waters
surrounding Guam (Richardson and Clayshulte 2003).

8.15  SPONGES (PHYLUM PORIFERA)

Sponges include over 8,000 marine species worldwide, and are classified in the phylum Porifera
(Appeltans et al. 2010). Sponges are bottom dwelling, multi-cellular animals that can be best described
as an aggregation of cells that perform different functions. Sponges are ubiquitous on the seafloor at all
depths but are most common on shaded ledges, vertical reef faces, and other hardbottom and reef
substrates (Colin and Arneson 1995d). Sponges range from robust species capable of surviving wave
energy and temperature extremes, to specialized species that are delicate and cryptic. Some sponges
are boring or bioeroding, and inhabit carbonate sediments such as limestone and coral skeletons.
Sponges reproduce both sexually and asexually. Reproduction may be a combination of asexual budding
or sexual spawning (Stevely and Sweat 2008). Spawning sponges are often sequentially hermaphroditic,
and sperm are released to be taken in by a female (University of California Berkeley 2010b). The
fertilized eggs or developing larvae are released some time later, and free-swimming larvae are
competent for tens of days (University of California Berkeley 2010b).

Water flowing through the sponge provides food and oxygen and removes wastes (Castro and Huber
2000; Collins and Waggoner 2006). Most sponges are filter-feeders and prey on plankton, bacteria, and
particulate organic matter (University of California Berkeley 2010a). A few sponges are carnivorous
(University of California Berkeley 2010b)