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3.0 Affected Environment, Open Ocean Area

3.0 AFFECTED ENVIRONMENT

This chapter describes the environmental characteristics that may be affected by the No-action
Alternative, Alternative 1, or Alternative 2. Baseline points of reference for understanding any
potential impacts are the activities that have been historically conducted in the Hawaii Range
Complex (HRC). Available reference materials, including prior Environmental Assessments
(EAs) and Environmental Impact Statements (EISs), were reviewed. Questions were directed to
installation and facility personnel, and private individuals. Site visits were also conducted where
necessary to gather the baseline data presented herein.

Environmental characteristics are discussed according to location; the Open Ocean Area is
discussed first, followed by offshore and onshore discussion organized by island location from
west to east: Northwestern Hawaiian Islands, Kauai, Oahu, Maui, and Hawaii. For
organizational purposes, discussions about Niihau and Kaula are included under the Kauai
heading, because although they are separate islands, they are part of Kauai County. In
addition, discussions about Molokai are included under the Maui heading, although it is a
separate island, because it is part of Maui County. The last section discusses the Hawaiian
Islands Humpback Whale National Marine Sanctuary. The page headers in this chapter identify
which location is discussed.

Thirteen environmental resource areas were evaluated to provide a context for understanding
the potential effects of ongoing and proposed activities. These areas include air quality,
airspace, biological resources, cultural resources, geology and soils, hazardous materials and
waste, health and safety, land use, noise, socioeconomics, transportation, utilities, and water
resources. Each resource area is discussed for each proposed location unless the proposed
activities at that location would not foreseeably result in an impact, as explained for each
location in Chapter 4.0. Table 3-1 lists each location and the section of each of the resources
addressed.

3.1 OPEN OCEAN AREA

The Open Ocean Area is the area within the HRC that is greater than 12 nautical miles (nm)
offshore of the Hawaiian Islands. The Open Ocean Area also includes the Pacific Missile
Range Facility (PMRF) Warning Areas, Oahu Warning Areas (Figure 2.1-1), and the Temporary
Operating Area (Figure 1.2-3). The Open Ocean Area, as part of the high seas, is subject to
Executive Order (EO) 12114. Both sea and air operations are covered in this section. Of the 13
environmental resources considered for analysis, air quality, geology and soils, land use,
socioeconomics, transportation, and utilities are not addressed.
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Table 3-1. Chapter 3.0 Locations and Resources

Air Quality

Airspace Biological
Resources

Open Ocean

311 3.12

Cultural
Resources

Geology &
Soils

Hazardous Materials
& Waste

Health &
Safety

Land Use

Noise

Socioeconomics

Transportation

Utilities

Water
Resources

313

314

3.15

3.16

317

Northwestern Hawaiian Islands Offshore

3211

Northwestern Hawaiian Islands Onshore

3221

3.22.2

Kauai Offshore

PMRE-Offshore

33111

33112

33113

33114

Niihau-Offshore

Kaula-Offshore

3.3.13.2

Kauai Onshore

PMRF/Main Base

33211

33212 33213

33214

33215

33216

33217

33218

33219

3.3.2.1.10

332111

3.3.21.12

3.3.2.1.13

Makaha Ridge

33221

33.222

33223

33224

3.3.2.25

Kokee

33231

33233

33234

HIANG Kokee

Kamokala Magazines

33251

33252

Port Allen*

Kikiaola Small Boat Harbor*

Mt. Kahili*

Niihau

3.3.29.1

3.3.29.2

33293

Kaula

3.3.2.10.1 | 3.3.2.10.2

3.3.2.10.3

3.3.2.104

3.3.2.10.5

3.3.2.10.6

Oahu

ffshore

Puuloa Underwater Range-Offshore

34111

34112

34113

34114

Naval Defensive Sea Area-Offshore

34122

34123

Marine Corps Base Hawaii-Offshore

3.4.13.2

Marine Corps Training Area/Bellows-Offshore

34141

3.4.14.2

Makua Military Reservation-Offshore

3.4.152

Dillingham Military Reservation-Offshore

34.16.1

3.4.16.2

Ewa Training Minefield-Offshore

34171

34172

34173

Barbers Point Underwater Range-Offshore

34.181

3.4.182

34.183

NUWC SESEF-Offshore

34.19.1

34.19.2

NUWC FORACS-Offshore

3.4.1.10.1

3.4.1.10.2

Oahu

Onshore

Naval Station Pearl Harbor

34212

34213

Ford Island

34222

34223

Naval Inactive Ship Maintenance Facility, Pearl Harbor

3.4.23.2

34233

EOD Land Range NAVMAG Pear| Harbor West Loch

34242

34243

34.24.4

34245

Lima Landing

34252

34253

3.4.254

USCG Station Barbers Point/Kalaeola Airport

3.4.26.1

Marine Corps Base Hawaii

34271

34273

34274

34275

Marine Corps Training Area/Bellows

34282

Hickam Air Force Base

3.4.29.1

Wheeler Army Airfield

34.210.1 | 3.4.2.10.2

Makua Military Reservation

342111

342112

34.2.11.3

342114

Kahuku Training Area

342121

3.4.212.2

Dillingham Military Reservation

342131

3.4.2.13.2

Keehi Lagoon*

Kaena Point*

Mt. Kaala*

Site*

Wheeler Network Segment Control/PMRF Communication

Mauna Kapu Communication Site*

Makua Radio/Repeater/Cable Head*

Maui Offshore

[ 35111

Maui Offshore
Shallow-water Minefield Sonar Training Area-Offshore*

Maui Onshore

Maui Space Surveillance Site*

Maui High Performance Computing Center*

Sandia Maui Haleakala Facility*

Molokai Mobile Transmitter Site*

Hawaii

Offshore

[Kawaihae Pier

[ 36.11.1

Hawaii Onshore

Pohakuloa Training Area

36211 36.212

3.6.21.3

36.21.4

3.6.2.15

Bradshaw Army Airfield

36.22.1

3.6.2.2.3

Kawaihae Pier

36.23.1

Hawaii

an Islands Humpback Whale

National Marine Sanctuary

37.1

*A review of the 13 environmental resources against program activities determined there would be no impacts from site activities under the No-action Alternative, Alternative 1, or Alternative 2.
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3.0 Affected Environment, Open Ocean Area

3.1.1 AIRSPACE—OPEN OCEAN AREA

Airspace, or that space which lies above a nation and comes under its jurisdiction, is generally
viewed as being unlimited. However, it is a finite resource that can be defined vertically and
horizontally, as well as temporally, when describing its use for aviation purposes. The time
dimension is a very important factor in airspace management and air traffic control.

Under Public Law (PL) 85-725, Federal Aviation Act of 1958, the Federal Aviation
Administration (FAA) is charged with the safe and efficient use of our nation's airspace, and has
established certain criteria for and limits to its use. The method used to provide this service is
the National Airspace System. This system is “...a common network of U.S. airspace; air
navigation facilities, equipment and services, airports or landing areas; aeronautical charts,
information and services; rules, regulations and procedures, technical information and
manpower and material.” Appendix C includes a detailed definition of airspace.

Region of Influence

For this EIS/Overseas EIS (OEIS), the region of influence for the Open Ocean Area airspace is
defined as those areas beyond the territorial limit which is otherwise known as international
airspace.

Affected Environment

The affected airspace environment in the Open Ocean Area region of influence is described
below in terms of its principal attributes: controlled and uncontrolled airspace, special use
airspace, en route airways and jet routes, airports and airfields, and air traffic control. There are
no military training routes in the region of influence.

Controlled and Uncontrolled Airspace

Most of the airspace within the region of influence is in international airspace, and air traffic is
managed by the Hawaii Combined Facility. The Honolulu Combined Facility includes the Air
Route Traffic Control Center (ARTCC), the Honolulu Control Tower, and the Combined Radar
Approach Control collocated in a single facility. Airspace outside that managed by the Hawaii
Combined Facility is managed by the Oakland ARTCC.

Special Use Airspace

The special use airspace in the region of influence (Figure 3.1.1-1) consists of Warning Area
W-188 north of Kauai, and Warning Area W-186 southwest of Kauai, controlled by PMRF.
Warning Areas W-188 Rainbow, W-189 and W-190 north of Oahu, W-187 surrounding Kaula,
and W-191, W-192, W-193, W-194 and W-196 south of Oahu are scheduled through the Navy
Fleet Area Control and Surveillance Facility (FACSFAC) Pearl Harbor which then coordinates
with the Honolulu Combined Facility. There are also 12 Air Traffic Control Assigned Airspace
(ATCAA) areas within the region of influence. These ATCAA areas provide additional controlled
airspace adjacent to and between the Warning Areas.

Table 3.1.1-1 lists the affected Warning Areas and ATCAA areas and their effective altitudes,
times used, and their manager or scheduler. There are no prohibited or alert special use
airspace areas in the Open Ocean Area airspace use region of influence.
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3.0 Affected Environment, Open Ocean Area

Table 3.1.1-1. Special Use Airspace in the Open Ocean Area Airspace Use
Region of Influence

© ONOUIR WN =

Warning/ATCAA Time of Use
Number/Name Location Altitude (Feet) Days Hours Controlling Agency
W-186 Northern Warning Areas To 9,000 Cont’ Cont’ PMRF
W-187 Northern Warning Areas To 18,000 M-F 0700-2200 PMRF
S-Su 0800-1600
W-188 Northern Warning Areas  To unlimited Cont’ Cont' PMRF/ HCF
W-189 Northern Warning Areas To unlimited M-F 0700-2200 HCF
S-Su 0800-1600
W-190 Southern Warning Areas To unlimited M-F 0700-2200 HCF
S-Su 0800-1600
W-191 Southern Warning Areas To 3,000 M-F 0700-2200 HCF
S-Su 0800-1600
W-192 Southern Warning Areas To unlimited M-F 0700-2200 HCF
S-Su 0800-1600
W-193 Southern Warning Areas To unlimited M-F 0700-2200 HCF
S-Su 0800-1600
W-194 Southern Warning Areas To unlimited M-F 0700-2200 HCF
S-Su 0800-1600
W-196 Southern Warning Areas To 2,000 M-F 0700-2200 HCF
S-Su 0800-1600
Nene Northern Warning Areas 1,200 to unlimited By request HCF
Pali Above Oahu FL 250 to By request HCF
unlimited
Taro Above W-191 3,000 to 16,000 By request HCF
Quint FL 250 to By request HCF
unlimited
Mela North Between W-192 and 1,200 to 15,000 By request HCF
W-186
Mela Central Between W-192 and to unlimited By request HCF
W-186
Mela South Between W-192 and 1,200 to unlimited By request HCF
W-186
Mako Southern Area 1,200 to unlimited By request HCF
Lono West Southern Area 1,200 to unlimited By request HCF
Lono Central Southern Area 1,200 to unlimited By request HCF
Lono East Southern Area 1,200 to unlimited By request HCF
Pele Between W-194 and 16,000 to FL 290 By request HCF
R-3101
Kapu/Quickdraw, Within W-192 By request HCF

Wela Hot Areas

Source: National Aeronautical Charting Office, 2006

Notes: 'Cont = Continuous

W = Warning Area

ATCAA = Air Traffic Control Assigned Airspace

FL = Flight Level (FL 180 = 18,000 ft)

HCF = Honolulu Combined Facility (Air Route Traffic Control Center, Combined Radar Approach Control, and Honolulu Control
Tower)

PMRF = Pacific Missile Range Facility
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En Route Airways and Jet Routes

The Open Ocean Area airspace use region of influence has several en route high-altitude jet
routes, as shown on Figure 3.1.1-1. Most of the oceanic routes enter the region of influence
from the northeast and southwest, and are generally outside the special use airspace warning
areas described above. The Air Traffic Services routes are concentrated along the Hawaiian
Islands chain. Most of the Open Ocean Area region of influence is well-removed from the jet
routes that crisscross the North Pacific Ocean.

As an alternative to aircraft flying above 29,000 feet (ft) following published, preferred
Instrument Flight Rules (IFR) routes (shown in Figure 3.1.1-1), the FAA is gradually permitting
aircraft to select their own routes. This “Free Flight” program is an innovative concept designed
to enhance the safety and efficiency of the National Airspace System. The concept moves the
National Airspace System from a centralized command-and-control system between pilots and
air traffic controllers to a distributed system that allows pilots, whenever practical, to choose
their own route and file a flight plan that follows the most efficient and economical route.

The Central Pacific Oceanic Program is one of the Free Flight programs underway. In the
airspace over the Central Pacific Ocean, advanced satellite voice and data communications are
being used to provide faster and more reliable transmission to enable reductions in vertical,
lateral, and longitudinal separation, more direct flights and tracks, and faster altitude clearances.
With the full implementation of this program, the amount of airspace in the region of influence
that is likely to be clear of traffic may decrease as pilots, whenever practical, choose their own
route and file a flight plan that follows the most efficient and economical route.

Airports and Airfields

There are no airports or airfields in the Open Ocean Area airspace use region of influence.
However, a small portion of the Honolulu Class B airspace extends beyond the territorial limit
into the region of influence.

Air Traffic Control

Air traffic in the region of influence is managed by the Oakland and Honolulu ARTCCs (see
Figure 3.1.1-2).
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3.1.2 BIOLOGICAL RESOURCES—OPEN OCEAN AREA

Native or naturalized vegetation, wildlife, and the habitats in which they occur are collectively
referred to as biological resources. Existing information on plant and animal species and
habitat types in the vicinity of the proposed sites was reviewed, with special emphasis on the
presence of any species listed as threatened or endangered by Federal or State agencies, to
assess their sensitivity to the effects of the No-action Alternative, Alternative 1, or Alternative 2.
Appendix C includes a definition of biological resources and the main regulations and laws that
govern their protection.

Region of Influence

The region of influence for open ocean species includes the areas of the Pacific Ocean within
the HRC beyond 12 nm from the shore.

Affected Environment

The affected biological resources environment in the Open Ocean Area region of influence is
described below.

3.1.2.1 CORAL

The Hawaiian Islands have 6,764.5 square miles (mi?) of coral reef area, representing 84
percent of the coral reef area in the United States (Maragos, 1977). Due to the motion of the
Pacific Plate, the Hawaiian Islands have been transported in a north to northwest direction away
from their original location of formation over the hot spot at a rate of about 4 inches per year
(Grigg, 1988; 1997b). The youngest island in the archipelago is Hawaii, where the youngest
fringing reefs and barrier reefs are found. Fringing reefs on the western coast of Hawaii are
from 100 to 1,000 years old.

Deep-sea coral communities are prevalent throughout the Hawaiian archipelago (Figure
3.1.2.1-1). They often form offshore reefs that surround all of the Main Hawaiian Islands at
depths between 27 and 109 fathoms (Maragos, 1998). Although light penetrates to these
depths, it is normally insufficient for photosynthesis. The term “deep-sea corals” may be
misleading because substrate (surface for growth), currents, temperature, salinity, and nutrient
supply are more important factors in determining the distribution of growth rather than depth
(Chave and Malahoff, 1998).

Deep-sea coral communities provide habitat, feeding grounds, recruitment, and nursery grounds
for a range of deep-water organisms including epibenthic invertebrates (e.g., echinoderms,
sponges, polychaetes, crustaceans, and mollusks), fishes, solitary precious corals (e.g., black
corals), and marine mammals (e.g., monk seals) (Maragos, 1998; Midson, 1999; Coral Reef
Information System, 2003; Roberts and Hirshfield, 2003; Freiwald et al., 2004). Deep-sea
corals live in complete darkness, in temperatures as low as 39 degrees Fahrenheit (°F), and in
waters as deep as 19,685 ft (Coral Reef Information System, 2003).
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Open Ocean Area, 3.0 Affected Environment

Deep-sea corals can form large communities ranging in size from patches of small solitary
colonies to massive reef structures (mounds, banks, and forests) spanning an estimated total
spatial coverage of about of 772 mi® (Cairns, 1994; Freiwald et al., 2004). Much like shallow-
water corals, deep-sea corals are fragile, slow growing, and can survive for hundreds of years
(Roberts and Hirshfield, 2003). Deep-sea corals can be of two basic types: (1) the hard or stony
corals which are related to those found on tropical coral reefs; and (2) the soft corals which
include the familiar gorgonians of tropical shallow seas, as well as a broad diversity of other
fleshy or tree-like forms. Some of the stony corals are small, but they can grow to be very
massive. The soft corals may be small and delicate or very large and tree-like (Watling, 2003).
In the Hawaiian Islands, gorgonians are the most common group of deep-sea corals. Of the
gorgonians, primnoids are the most abundant group in the Hawaiian archipelago and are
dominant off Molokai (Chave and Malahoff, 1998). Potential threats to deep-sea corals include
fishing (e.g., bottom trawling), oil- and gas-related activities, cable laying, seabed aggregate
extraction, shipping activities, the disposal of waste in deep waters, coral exploitation, other
mineral exploration, and increased atmospheric carbon dioxide (Gass, 2003; Freiwald et al.,
2004).

3.1.2.2 FISH

Distribution and abundance of fisheries, as well as the individual species, depends greatly on
the physical and biological factors associated with an ecosystem. Physical parameters include
habitat quality variables such as salinity, temperature, dissolved oxygen, and large-scale
environmental disturbances (e.g., El Nifio Southern Oscillation [ENSQ]). Biological factors
affecting distribution are complex and include variables such as population dynamics,
predator/prey oscillations, seasonal movements, reproductive/life cycles, and recruitment
success (Helfman et al., 1999). A single factor is rarely responsible for the distribution of fishery
species; more often, a combination of factors is accountable. For example, pelagic or open
ocean species optimize their growth, reproduction, and survival by tracking gradients of
temperature, oxygen, or salinity (Helfman et al., 1999). Additionally, the spatial distribution of
food resources is variable and changes with prevailing physical habitat parameters. Another
major component in understanding species distribution is the location of highly productive
regions such as frontal zones.

The prevailing oceanographic current in the Hawaiian archipelago is the westward flowing North
Equatorial Current. Due to the origin of the North Equatorial Current (cool waters and distance
from Hawaii), it is not likely to have had a major impact on fish species occurring in the
Hawaiian Islands archipelago. Based on the present current system, most fish larvae would
probably arrive at the Northwestern Hawaiian Islands via an eddy of the warm Kuroshio Current
that bathes southern Japan and heads northeast where it becomes the North Pacific Current
(Randall, 1998).

Environmental variations, such as ENSO events, change the normal characteristics of water
temperature, thereby changing the patterns of water flow. In the northern hemisphere, El Nifio
events typically result in tropical, warm-water species moving north (extending species range),
and cold-water species moving north or into deeper water (restricting their range). Surface-
oriented, schooling fish often disperse and move into deeper waters. ENSO events alter normal
current patterns, alter productivity, and have dramatic effects on distribution, habitat range, and
movement of pelagic species (National Marine Fisheries Service, 2002a). Fishes that remain in
an affected region experience reduced growth, reproduction, and survival (National Marine
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3.0 Affected Environment, Open Ocean Area

Fisheries Service, 2002a). El Nifio events have caused fisheries such as that of the skipjack
tuna (Katsuwonus pelamis) to shift over 621 miles (mi) (National Marine Fisheries Service-
Pacific Islands Region, 2001).

The Hawaiian archipelago distinguishes itself as a subprovince of the spacious tropical and
subtropical Indo-Pacific region, which extends from the Red Sea and coast of East Africa to the
easternmost islands of Oceania (Hawaii and Easter Island). The composition of the Hawaiian
marine life varies enough from the rest of the Indo-Pacific to be treated as a distinct faunal
subregion. Hawaii’s unique fish fauna can be explained by its geographical and hydrographical
isolation (Randall, 1998). Pelagic fishes such as the larger tunas, the billfishes, and some
sharks are able to traverse the great distance that separates the Hawaiian Islands from other
islands or continents in the Pacific Ocean; however, shore fishes are dependent on passive
transport as larvae in ocean currents for distribution. As would be expected, the fish families that
have a high percentage of species in the Hawaiian Islands compared to elsewhere tend to be
those with a long larval life stage, such as the moray eels and surgeonfishes (Acanthurus spp.).
Families that contain mainly species with short larval life stages, such as the gobies, blennies,
and cardinal fishes, are not as well represented in Hawaii as in the rest of the Indo-Pacific region
(Randall, 1995).

3.1.2.2.1 Offshore Ocean or Pelagic Species

The temperate species includes those that are found in greater abundance outside tropical
waters at higher latitudes (e.g., broadbill swordfish [Xiphias gladius], bigeye tuna [Thunnus
obesus], northern bluefin tuna [T. thynnus], and albacore tuna [T. alalunga]). Additionally, a
potential squid group consisting of three flying squids (neon flying squid [Ommastrephes
bartramii], diamondback squid [Thysanoteuthis rhombus], and purpleback flying squid
[Sthenoteuthis oualaniensis]) has been proposed by the Western Pacific Regional Fishery
Management Council (WPRFMC) for incorporation into the existing Pelagic Management Unit
Species (National Marine Fisheries Service, 2004b). Currently, no data are available to
determine if the pelagic species are approaching an overfished situation (National Marine
Fisheries Service 2004a), except for the bigeye tuna. The National Marine Fisheries Service
(NMFS) (2004d) determined that overfishing was occurring Pacific-wide for this species. In
addition, shark species are afforded protection under the Shark Finning Prohibition Act (National
Marine Fisheries Service, 2002b).

The broadbill swordfish, albacore tuna, common thresher shark (Alopias vulpinus), and salmon
shark (Lamna ditropis) have been listed as data deficient on the International Union for
Conservation of Nature and Natural Resources (IUCN) Red List due to inadequate information
to make a direct, or indirect assessment of its risk of extinction based on its distribution and/or
population status (Safina, 1996; Uozumi, 1996a; Goldman and Human, 2000; Goldman et al.,
2001). The shortfin mako shark (Isurus oxyrinchus), oceanic whitetip shark (Carcharhinus
longimanus), crocodile shark (Pseudocarcharius kamoharai), blacktip shark (C. limbatus), and
blue shark (Prionace glauca) have been listed as near threatened (Compagno and Musick,
2000; Shark Specialist Group, 2000a; Smale, 2000; Stevens, 2000a; 2000b). The bigeye tuna
and the great white shark (Carcharadon carcharias) are listed as vulnerable on the [IUCN Red
List (Uozumi, 1996b; Fergusson et al., 2000).
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Distribution

The pelagic species occur in tropical and temperate waters of the western Pacific Ocean
(National Marine Fisheries Service-Pacific Islands Region, 2001). Geographical distribution
among these species is governed by seasonal changes in ocean temperature. These species
range from as far north as Japan, to as far south as New Zealand. Albacore tuna, striped marlin
(Tetrapurus audax), and broadbill swordfish have broader ranges and occur from 50°N to 50°S
(Western Pacific Regional Fishery Management Council, 1998). Some species of tuna may
aggregate near sea mounts (Yasui, 1986; Itano and Holland, 2000).

Habitat Preference

Pelagic species are typically found in epipelagic to pelagic waters; however, shark species can
be found in inshore benthic, neritic to epipelagic, and mesopelagic (ocean zone from 656 to
3,280 ft) waters. Factors such as gradients in temperature, oxygen, or salinity can affect the
suitability of a habitat for pelagic fishes. Skipjack tuna, yellowfin tuna (T. albacares), and Indo-
Pacific blue marlin (Makaira nigricans) prefer warm surface layers where the water is well-mixed
and relatively uniform in temperature (Western Pacific Regional Fishery Management Council,
1998). Species such as albacore tuna, bigeye tuna, striped marlin, and broadbill swordfish
prefer temperate waters associated with higher latitudes and greater depths (Western Pacific
Regional Fishery Management Council, 1998). Certain species, such as broadbill swordfish
and bigeye tuna, are known to aggregate near the surface at night. During the day broadbill
swordfish can be found at depths of about 437 fathoms and bigeye tuna around 150 to 301
fathoms (Table 3.1.2.2.1-1; Western Pacific Regional Fishery Management Council, 1998).
Juvenile albacore tuna generally concentrate above 49 fathoms, with adults found in deeper
waters (about 49 to 150 fathoms) (Western Pacific Regional Fishery Management Council,
1998).

Pursuant to the Magnuson-Stevens Fishery Conservation and Management Act (MSFCMA),
NMFS, eight regional fishery management councils (Councils), and other Federal agencies are
mandated to identify and protect important marine and anadromous fish habitat. The Councils
(with assistance from NMFS) are required to delineate Essential Fish Habitat (EFH) for all
managed species. Federal agencies which fund, permit, or carry out activities that may
adversely impact EFH are required to consult with NMFS regarding potential impacts on EFH,
and respond in writing to NMFS recommendations.

The MSFCMA defines EFH as those waters and substrates necessary (required to support a
sustainable fishery and the managed species) to fish for spawning, breeding, feeding, or growth
to maturity (i.e., full life cycle) (16 United States Code Section 1802). These waters include
aquatic areas and their associated physical, chemical, and biological properties used by fish,
and may include areas historically used by fish. Substrate types include sediment, hard bottom,
structures underlying the waters, and associated biological communities.

EFH can consist of both the water column and the underlying surface (e.g., seafloor) of a
particular area. Areas designated as EFH contain habitat essential to the long-term survival
and health of our nation’s fisheries. Certain properties of the water column such as
temperature, nutrients, or salinity are essential to various species. Some species may require
certain bottom types such as sandy or rocky bottoms, vegetation such as seagrasses or kelp, or
structurally complex coral or oyster reefs. EFH also includes those habitats that support the

3-12 Hawaii Range Complex Draft EIS/OEIS July 2007



3.0 Affected Environment, Open Ocean Area

Table 3.1.2.2.1-1. Summary of Pelagic or Open Water Species and Depth Distribution

Species

Depth Distribution

Temperate Species

Striped marlin, Tetrapurus audax

Governed by temperature stratification

Broadbill swordfish, Xiphias gladius Surface to 547 fathoms
Northern bluefin tuna, Thunnus thynnus No data

Albacore tuna, Thunnus alalunga Surface to 208 fathoms
Bigeye tuna, Thunnus obesus Surface to 328 fathoms
Mackerel, Scomber spp. No data

Sickle pomfret, Tatactichthys steindachneri Surface to 164 fathoms
Lustrous pomfret, Eumegistus illustris Surface to 300 fathoms

Tropical Species

Yellowfin tuna, Thunnus albacares

Upper 55 fathoms with marked oxyclines

Kawakawa, Euthynnus affinis

20 to 109 fathoms

Skipjack tuna, Katsuwonus pelamis

Surface to 144 fathoms

Frigate tuna, Auxis thazard No data

Bullet tuna, Auxis rochei No data
Indo-Pacific blue marlin, Makaira nigricans 44 to 55 fathoms
Black marlin, Makaira indica 250 to 500 fathoms

Shortbill spearfish, Tetrapturus angustirostris

22 to 1,000 fathoms

Sailfish, Istiophorus platypterus

6-11 to 109-137 fathoms

Dolphinfish, Coryphaena hippurus No data

Pompano dolphinfish, Coryphaena equiselas No data

Wahoo, Acanthocybium solandri Adult depth <109 fathoms
Moonfish, Lampris guttatus Surface to 273 fathoms
Escolar, Lepidocybium flavobrunneum Surface to 109 fathoms
QOilfish, Ruvettus pretiosus Surface to 383 fathoms
Shark Species

Crocodile shark, Pseudocarcharias kamoharai Surface to 164 fathoms
Common thresher shark, Alopias vulpinus Surface to 200 fathoms
Pelagic thresher shark, Alopias pelagicus Surface to 83 fathoms
Bigeye thresher shark, Alopias superciliosus Surface to 273 fathoms
Shortfin mako shark, Isurus oxyrinchus Surface to 273 fathoms
Longfin mako shark, Isurus paucus No data

Salmon shark, Lamna ditropis

Surface to 83 fathoms

Silky shark, Carcharhinus falcirormis

Adult depth of 10 to 273 fathoms

Oceanic whitetip shark, Carcharhinus longimanus

Adult depth of 20 to 83 fathoms

Blue shark, Prionace glauca

Surface to 83 fathoms

Source: Western Pacific Regional Fishery Management Council 1998, 2001
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Open Ocean Area, 3.0 Affected Environment

different life stages of each managed species, as a single species may use many different
habitats throughout its life to support breeding, spawning, nursery, feeding, and protection
functions.

The WPRFMC manages major fisheries within the Exclusive Economic Zone (EEZ) around
Hawaii and the territories and possessions of the United States in the Pacific Ocean (Western
Pacific Regional Fishery Management Council, 1998, 2001). The WPRFMC, in conjunction with
the State of Hawaii, Division of Aquatic Resources (HDAR), manages the fishery resources in
the study area. The WPRFMC focuses on the major fisheries in the study area that require
regional management. The WPRFMC currently oversees five major Fisheries Management
Plans (FMPs) and their associated amendments for bottomfish, pelagics, crustaceans, precious
corals, and coral reef ecosystems.

Specific information on EFH within the HRC can be found in a separate document, Essential
Fish Habitat and Coral Reef Assessment for the Hawaii Range Complex EIS/OEIS (U.S.
Department of the Navy, 2007b).

3.1.2.2.2 Fish Acoustics

Broadly, fishes can be categorized as hearing specialists (broad hearing frequency range with
low auditory thresholds) or hearing generalists (narrower frequency range with higher auditory
thresholds) (Scholik and Yan, 2002). Fishes in the hearing specialist category have a broad
hearing frequency range with a low auditory threshold due to a mechanical connection between
the swim bladder and the inner ear. The majority of hearing specialists are in the family
Cyprinidae (e.g., carp and minnows) and in the family Ictaluridae (e.g., catfish) (Mann et al.,
1998), which are typically freshwater fishes, although the designations of hearing specialists
and generalists cannot be applied wholesale across taxonomic groups. Marine fishes that are
hearing specialists include some species of the family Clupeidae (e.g., herring, shad,
anchovies, and sardines) (Mann et al., 2001; Plachta and Popper 2003) and at least one
species of the family Gadidae (i.e., Atlantic cod, [Gadus morhua[) (Mann et al., 1998; Astrup
and Mohl, 1993). A few other marine fishes may be able to detect mid-frequency sounds
(Ramcharitar and Popper, 2004), but their most sensitive hearing range is generally below the
mid-frequency bandwidth. Other fish species that may be able to detect mid-frequency sounds
occur in the families Carcharhinidae (i.e., bull shark [Carcharhinus leucas]) (Mann et al., 1998,
Kritzler and Wood, 1961), Haemulidae (i.e., blue-striped grunt [Haemulon sciurus]) (Mann et al.,
1998), Labridae (i.e., blue-head wrasse [Thalassoma bifasciatum]) (Mann et al., 1998),
Pomacentridae (e.g., damselfish [family Pomacentridae]) (Mann et al., 1998), Sciaenidae (e.g.,
drum weakfish [Cynoscion spp.], and croaker [family Sciaenidae]) (Mann et al., 1998), and
Scombridae (e.g., tuna, mackerel, and bonita). Most marine species of bony fish are hearing
generalists, with their best hearing range below 300 hertz (Hz) frequency (Popper, 2003).

Wysocki and Ladich (2005) investigated the influence of noise exposure on the auditory
sensitivity of two hearing specialists, goldfish (Carassius auratus) and lined Raphael catfish
(Platydoras costatus) and a hearing generalist, sunfish (Lepomis gibbosus). Baseline
thresholds showed greatest hearing sensitivity around 0.5 kilohertz (kHz) (500 Hz) in the
goldfish and catfish and at 0.1 kHz (100 Hz) in the sunfish. For the hearing specialists (goldfish
and catfish), continuous white noise of 130 decibels (dB) resulted in a significant threshold shift
of 23 to 44 dB. In contrast, the auditory thresholds in the hearing generalist (sunfish) declined
by 7 to 11 dB. It was concluded that acoustic communication and orientation of fishes, in
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3.0 Affected Environment, Open Ocean Area

particular of hearing specialists, may be limited by noise regimes in their environment (Wysocki
and Ladich, 2005).

Fish can also sense pressure using the lateral line, a system of sensory cells with hair like
projections similar to the hair cells of the cochlea. The lateral line can detect the pressure from
currents, waves from other animals, or low frequency sound below 100 Hz (Popper and Platt,
1993). Hearing specialists can detect the particle motion component of low frequency sounds
at relatively high sound intensities (Amoser and Ladich, 2005).

3.1.2.2.3 Behavioral Effects of Sound

Behavioral studies have shown that most fish only detect sound within the 1 to 3 kHz (1,000 to
3,000 Hz) frequency range (Popper, 2000) with most hearing specialist fish responding best at
around 2 kHz (Popper, 2003). The mid-frequency active sonar operations would use mid-
frequency sound sources, which range from approximately 3 kHz (3,000 Hz) to 4 kHz (4,000
Hz). Thus, it is expected that some fish species would be able to detect the mid-frequency
sonar. It has been demonstrated that a few species (i.e., bay anchovy [Anchoa mitchilli]; scaled
sardine [Harengula jaguana]; and Spanish sardine [Sardinella aurita]) can detect sounds to
about 4 kHz (4,000 Hz), and that one species (American shad [Alosa sapidissima]) is able to
detect sounds up to 180 kHz (180,000 Hz) (Mann, et al., 2001).

In a study of the response of fishes to mid-frequency active sonars (1,600 and 4,000 Hz),
Jargensen et al. (2005) observed the behavior of four unrelated marine species (saithe
[Pollachius virens], spotted wolffish [Anarhichas minor], cod [Gadus morhua], and Atlantic
herring [Clupea harengus]). Jargensen et al (2005) concluded that, of the species studied,
herring might be the only species of concern due to its increased hearing ability. Juvenile
herring responded with startle behaviors from sonar signals around 170 dB re 1 micropascal
(uPa), but resumed normal activity after the first few pulses. However, in tests with received
levels around 180 to 189 dB re 1 pPa, juvenile herring exhibited startle behaviors followed by
abnormal swimming. In addition, strong distress was evident during presentation of a series of
100 frequency modulated (FM) sonar pulses at around 180 dB re 1 uPa. The other species of
juvenile fishes did not exhibit any response from the mid-frequency sonar pulses as expected
for fishes with no known auditory specializations for reception of frequencies above 1,000 Hz.
Investigators suggested limiting the use of sonar in the range of 1,000 to 2,000 Hz at maximal
operational source levels (>200 dB) in areas of known juvenile herring abundance, because
juvenile herring have swim bladder resonance frequencies in this frequency band. Kvadsheim
and Sevaldsen (2005) investigated the potential impact of 1,000 to 8,000 Hz active sonar on
stocks of juvenile Atlantic herring during sonar exercises. This study showed that the effect of
sonar on juvenile Atlantic herring stocks is considered to be insignificant. The investigators
point out that continuous wave (CW) transmissions at the frequency band corresponding to the
swim bladder resonance escalate the impact to juvenile herring significantly. Still, in the area of
investigation, the impact of CW transmission at 225 dB on the juvenile herring population was
determined to be small (0.1 percent) compared to daily natural mortality (5 percent). The most
commonly used signals in Anti-submarine Warfare Exercises are FM, the threshold for which
was determined to be 190 dB for juvenile herring (Kvadsheim and Sevaldsen, 2005).
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Experiments have obtained responses to frequencies up to the range of ultrasound (>10 kHz)
from several species of the clupeid genus (Astrup, 1999). Astrup (1999) and Mann et al. (1998)
hypothesized that these species may have developed sensitivities to ultrasound to avoid
predation by odontocetes. Studies conducted on the alewife (Alosa pseudoharengus) (Dunning
et al., 1992; Ross et al., 1996), blueback herring (A. aestivalis) (Nestler et al., 2002), and
American shad (Popper and Carlson, 1998) showed avoidance to sound at frequencies over
120 kHz. The highest frequency to solicit a response was 180 kHz for the American shad
(Gregory and Clabburn, 2003; Higgs et al., 2004). The Alosa species have relatively low
thresholds (about 145 dB re 1 pPa), which should enable the fish to detect odontocete clicks at
distances up to about 656 ft (Mann et al., 1998).

Not all clupeid species tested have responded to ultrasound. Mann et al. (2001) showed that
the Gulf menhaden (Brevoortia patronus) detected frequencies over 100 kHz, but the bay
anchovy, scaled sardine and Spanish sardine did not respond to frequencies over 4,000 Hz
(Gregory and Clabburn, 2003; Mann et al., 2001). Mann et al. (2005) caution that acoustic
signals used in an earlier study (e.g. Wilson and Dill, 2002) on Pacific herring (Clupea pallasii)
were broadband and contained energy less than 4,000 Hz up to ultrasonic frequencies. While
Wilson and Dill (2002) demonstrated that there was a behavioral response, it was not clear
whether the herring were responding to the lower-frequency components of the experiment or to
the ultrasound. Contrary to Wilson and Dill's (2002) conclusions, Mann et al. (2005) found that
Pacific herring could not detect ultrasonic signals at received levels up to 185 dB re 1 yPa.
Pacific herring had hearing thresholds (100 to 5,000 Hz) that were typical of non-ultrasound-
detecting clupeids.

Species that can detect ultrasound do not perceive sound equally well at all detectable
frequencies. Mann et al. (1998) reported that the American shad can detect sounds from 100 Hz
to 180 kHz with two regions of best sensitivity, one from 200 to 800 Hz and the other from 25 to
150 kHz. Poorest sensitivity was found from 3.2 to 12.5 kHz.

Although few non-clupeid species have been tested for ultrasound (Mann et al. 2001), the only
other non-clupeid species shown to possibly be able to detect ultrasound is the cod (Astrup and
Mohl, 1993). However, Astrup (1999) suggested that in his earlier experiment receptors other
than the ear were being overstimulated and results should be viewed with caution.
Nevertheless, Astrup and Mohl (1993) indicated that cod have ultrasound thresholds of up to 38
kHz at 185 to 200 dB re 1 yPa, which likely only allows for detection of odontocete’s clicks at
distances no greater than 33 to 98 ft (Astrup, 1999).

In summary, most marine fish are hearing generalists; however, a few have been shown to
detect sounds in the mid-frequency and ultrasonic range. It is important to keep in mind that
while these species can detect mid-frequency sounds, their best hearing sensitivities are not in
the mid-frequency range. If a sound is at the edge of a fish’s hearing range, the sound must be
louder in order for it to be detected than if in the more sensitive range.

Other studies have also found that fish hearing generalists normally experience only minor or no
hearing loss when exposed to continuous noise, but that hearing specialists may be affected by
noise exposure and that acoustic communication might be restricted in noisy habitats (Amoser
and Ladich, 2003; Smith, et al., 2004 a; b).
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3.0 Affected Environment, Open Ocean Area

Studies have shown that low frequency noise (below mid-frequency active sonar) will alter the
behavior of fish. For example, research has been conducted on the use of low frequency
devices to deter fish away from potentially dangerous situations, such as turbine inlets of
hydroelectric power plants (Knudsen et al., 1994). Stronger avoidance responses are exhibited
from sounds in the infrasound range (5 to 10 Hz) than from 50 and 150 Hz sounds (Knudsen et
al., 1992). In test pools, wild salmon will swim to a deeper section of the test pool, even if that
deep section was near the sound source, when exposed to low frequency sound. In regard to
high frequency sound, one behavioral response study demonstrated that exposure to
broadband bio-sonar-type sounds with high frequencies (different from the mid-frequency sonar
that would be used during Navy exercises) causes behavioral modification in Pacific herring
(Wilson and Dill, 2002).

Research has been conducted on mid frequency acoustic devices designed to deter marine
mammals from gillnet fisheries (Gearin et al., 2000; Culik et al., 2001) to ascertain how noise
may affect fish behavior. These devices generally have a mid-frequency (approximately 10
kHz) which is a higher frequency than the sonar devices that would be used during Navy
exercises. Adult sockeye salmon (Oncorhynchus nerka) exhibited an initial startle response to
the placement of inactive acoustic alarms (control) (Gearin et al., 2000). The fish resumed their
normal swimming pattern within 10 to 15 seconds (sec). After 30 sec, the fish approached the
inactive alarm to within 1 ft.

The same experiment was conducted with the alarm active. The fish exhibited the same initial
startle response from the insertion of the alarm into the tank; however, within 30 sec, the fish
were swimming within 1 ft of the active alarm. After 5 minutes (min) of observation, the fish did
not exhibit any reaction or behavior change except for the initial startle response (Gearin et al.,
2000). The alarms were either inaudible to the fish, or the fish were not disturbed by the mid-
frequency sound (Gearin et al., 2000).

Most noise effects studies on fish have used low frequency (<1,000 Hz) impulse type sounds
such as pile driving or seismic airguns which cause physical damage to the hair cells (Hastings
et al., 1996; McCauley et al., 2003; Nedwell et al., 2006). Some clupeid species, including the
alewife, American shad and gulf menhaden can detect sounds higher than 20 kHz and will
avoid sounds in the ultrasonic range (Reviewed by the International Council for the Exploration
of the Sea, 2005; Dunning et al., 1992; Nestler et al., 1992; Ross et al., 1995, 1996; Mann et al.,
1997, 1998, 2001).

Several studies have shown that underwater explosions or other loud, impulsive sounds can
cause injury or mortality in fishes (Hastings and Popper, 2005) if the animals are close enough
to the explosion. Unlike mid-frequency active sonar, impulsive sounds are low-frequency,
broadband sounds that are probably within most fishes’ hearing range. Experiments by Engas
et al. (1996) and by Engas and Lokkeburg (2002) showed decreased catches of cod and
haddock (Melanogrammus aeglefinus) for several days after a seismic airgun was used in the
area. Slotte et al. (2004) showed similar effects of airguns on blue whiting (Micromesistius
poutassou) and Norwegian spring spawning herring (Clupea harengus harengus); and Skalski
et al. (1992) showed a 52 percent decrease in rockfish (Sebastes spp.) catch after a single
airgun emission. Thus, fish have been shown to be affected by anthropogenic sounds;
however, these sounds were not in the frequency range of the operational sonars of the
Proposed Action. Effects are, therefore, not anticipated to be similar.
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3.1.2.24 Physiological Effects of Sound

Wysocki and Ladich (2005) investigated the influence of noise exposure on the auditory
sensitivity of two hearing specialists (goldfish and lined Raphael catfish) and a hearing
generalist (sunfish). Baseline thresholds showed greatest hearing sensitivity around 0.5 kHz
(500 Hz) in the goldfish and catfish and at 0.1 kHz (100 Hz) in the sunfish, the hearing
specialists. For the hearing specialists (goldfish and catfish), continuous white noise of 130 dB
resulted in a significant threshold shift of 23 to 44 dB. In contrast, the auditory thresholds in the
hearing generalist (sunfish) declined by 7 to 11 dB. It was concluded that acoustic
communication and orientation of fishes, in particular of hearing specialists, may be limited by
noise regimes in their environment.

Studies have also found that hearing generalists normally experience only minor or no hearing
loss when exposed to continuous noise, but that hearing specialists may be affected by noise
exposure; for example, acoustic communication might be restricted in noisy habitats (Amoser
and Ladich, 2003; Smith, et al., 2004a and 2004b).

3.1.2.2.5 Masking Effects

The inability to hear ecologically important sounds due to the interference of other sounds
(“masking”) has implications for reduced fitness, potentially leaving fish vulnerable to predators,
or unable to locate prey, sense their acoustic environment, or communicate acoustically
(McCauley et al., 2003). Wysocki and Ladich (2005) investigated the influence of noise
exposure on the auditory sensitivity of two hearing specialists (goldfish and lined Raphael
catfish) and a hearing generalist (sunfish). Baseline thresholds showed greatest hearing
sensitivity around 500 Hz in the goldfish and catfish and at 100 Hz in the sunfish. For the
hearing specialists (goldfish and catfish), continuous white noise of 130 dB resulted in a
significant threshold shift of 23 to 44 dB. In contrast, the auditory thresholds in the hearing
generalist (sunfish) declined by 7 to 11 dB. It was concluded that acoustic communication and
orientation of fishes, in particular of hearing specialists, may be limited by noise regimes in their
environment. Studies have also found that hearing generalists normally experience only minor
or no hearing loss when exposed to continuous noise, but that hearing specialists may be
affected by noise exposure (e.g., acoustic communication might be restricted in noisy habitats)
(Amoser and Ladich, 2003; Smith, et al., 2004a and 2004Db).

Pressure to detect predators is likely a significant driving force in the development of hearing
abilities. Gannon et al. (2005) showed that bottlenose dolphins (Tursiops truncatus) move
toward acoustic playbacks of the vocalization of Gulf toadfish (Opsanus beta). Thus, dolphin
prey, such as Gulf toadfish, could be under selective pressure to detect dolphin acoustic signals
and use this information to adjust mate advertisement calling (Remage-Healey et al., 2006).
Bottlenose dolphins employ a variety of vocalizations during social communication and foraging,
including high frequency whistles (5 to 20 kHz), echolocation clicks (20 to 100 kHz) and low-
frequency pops. Toadfish may be able to best detect the low-frequency pops since their
auditory frequency encoding is most robust below 1,000 Hz and have shown reduced levels of
calling when bottlenose dolphins approach (Remage-Healey et al., 2006). Silver perch
(Bairdiella chrysoura) have also been shown to decrease calls when exposed to playbacks of
dolphin whistles mixed with other biological sounds (Luczkovich et al., 2000). Results of the
Luczkovich et al. (2000) study, however, must be viewed with caution because of the lack of
clarity of which sound elicited the silver perch response (Ramcharitar et al., 2006b).
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Communication signals are a necessary aspect of some species’ ecology. The Sciaenids,
which are primarily inshore fishes, are probably the most active sound producers among fish
(Ramcharitar et al., 2001; 2006b). The frequency range of sciaenid sounds may span several
kHz, but the dominant frequency is generally between 100 and 1,000 Hz. Although some
species may be able to produce sounds at higher frequencies, the functional importance of
these higher frequencies is unknown and they may only be present as extraneous harmonics of
the major frequency components in the sound (Ramcharitar et al. 2006b).

The ability to hear reproductive sound signals is necessary for population survival of some vocal
fishes. The distance over which sound can be useful is often limited by the physics of sound
travel underwater and therefore makes most reproductive sounds of limited use as an ecological
cue over larger distances. Reproductive calls are often thought to be undetectable to fish within
65.5 ft or less from the source, due to interactions with the surface and substrate (Mann and
Lobel, 1997), although the detection distance will increase as water depth increases.
Anthropogenic sounds louder than reproductive calls may obscure the calls and therefore be
detrimental to some fish populations (e.g. sound emitted from seismic surveys or sonars within
a few meters of a receiver [fish]).

Also vulnerable to masking is navigation by larval fish. There is indication that larvae of some
species navigate to juvenile and adult habitat by listening for sounds indicative of a particular
habitat (Higgs, 2005). In a study of an Australian reef system it was determined the sound
signature emitted from fish choruses were between 800 Hz and 1,600 Hz (Cato, 1978) and
could be detected 3 to 5 mi from the reef (McCauley and Cato, 2000). This bandwidth is well
within the detectable bandwidth of adults and larvae of many species of reef fish (Fay 1988;
Kenyon, 1996; Myrberg, 1980).

To summarize the results of some of the recent research on fish and acoustics, it is expected
that some fish species would be able to detect the mid-frequency sonar. The results of several
studies have indicated that acoustic communication and orientation of fishes, in particular of
hearing specialists, may be limited by noise sources in their environment. Further, some fish
species may initially respond behaviorally to sound frequencies, including possible mid-
frequency sources (similar to the sonar sources that would be used during Navy exercises).

3.1.2.3 SEA TURTLES

Sea turtles are long lived reptiles that can be found throughout the world’s tropical, subtropical,
and temperate seas (Caribbean Conservation Corporation and Sea Turtle Survival League,
2003). There are seven living species of sea turtles from two distinct families, the Cheloniidae
(hard-shelled sea turtles; six species) and the Dennochelyidae (leatherback turtle [Dermochelys
coriacea]; one species). These two families can be distinguished from one another on the basis
of their carapace (upper shell) and other morphological features. Sea turtles are an important
marine resource in that they provide economic, arid existence (non-use) value to humans
(Witherington and Frazer, 2003). Over the last few centuries, sea turtle populations have
declined dramatically due to anthropogenic (human-related) activities such as coastal
development, oil exploration, commercial fishing, marine-based recreation, pollution, and over-
harvesting (Natural Research Council, 1990; Eckert, 1995). As a result, all six species of sea
turtles found in U.S. waters are currently listed as either threatened or endangered under the
Endangered Species Act (ESA).
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Sea turtles are highly adapted for life in the marine environment. Unlike terrestrial and
freshwater turtles, sea turtles possess powerful, modified forelimbs (or flippers) that enable
them to swim continuously for extended periods of time (Wyneken, 1997). They also have
compact and streamlined bodies that help to reduce drag. Additionally, sea turtles are among
the longest and deepest diving of the air-breathing vertebrates, spending as little as 3 to 6
percent of their time at the water’s surface (Lutcavage and Lutz, 1997). Sea turtles often travel
thousands of miles between their nesting beaches and feeding grounds, which makes the
aforementioned suite of adaptations very important (Ernst et al., 1994; Meylan, 1995). Sea
turtle traits and behaviors also help protect them from predation. Sea turtles have a tough outer
shell and grow to a large size as adults; mature leatherback turtles can weigh up to 2,091
pounds (Ib) (Eckert and Luginbuhl, 1988). Sea turtles cannot withdraw their head or limbs into
their shell, so growing to a large size as adults is important.

Although they are specialized for life at sea, sea turtles begin their lives on land. Aside from this
brief terrestrial period, which lasts approximately 3 months as eggs and an additional few
minutes to a few hours as hatchlings scrambling to the surf, sea turtles are rarely encountered
out of the water. Sexually mature females return to land in order to nest, while certain species in
the Hawaiian Islands, Australia, and the Galapagos Islands haul out on land in order to bask
(Carr, 1995; Spotila et al., 1997). Sea turtles bask to thermoregulate, elude predators, avoid
harmful mating encounters, and possibly to accelerate the development of their eggs, accelerate
their metabolism, and destroy aquatic algae growth on their carapaces (Whittow and Balazs,
1982: Spotila et al., 1997). On occasion, sea turtles can unintentionally end up on land if they
are dead, sick, injured, or cold-stunned. These events, also known as strandings, can be
caused by either biotic (e.g., predation and disease) or abiotic (e.g., water temperature) factors.

Female sea turtles nest in tropical, subtropical, and warm-temperate latitudes, often in the same
region or on the same beach where they hatched (Miller, 1997). Upon selecting a suitable
nesting beach, most sea turtles tend to re-nest in close proximity during subsequent nesting
attempts. The leatherback turtle is a notable divergence from this pattern. This species nests
primarily on beaches with little reef or rock offshore. On these types of beaches erosion
reduces the probability of nest survival. To compensate, leatherbacks scatter their nests over
larger geographic areas and lay on average two times as many clutches as other species
(Eckert, 1987).

At times, sea turtles may fail to nest after emerging from the ocean. These non-nesting
emergences known as false crawls, can occur if sea turtles are obstructed from laying their
eggs (by debris, rocks, roots, or other obstacles), are distracted by surrounding conditions (by
noise, lighting, or human presence), or are uncomfortable with the consistency or moisture of
the sand on the nesting beach. Turtles that are successful at nesting usually lay several
clutches of eggs during a nesting season with each clutch containing between 50 and 200 eggs,
depending on the species (Witzell, 1983: Dodd, 1988; Hirth, 1997). Most sea turtles, with the
possible exception of Kemp’s ridley turtles (Lepidochelys kempii), do not nest in consecutive
years; instead, they will often skip 2 or 3 years before returning to the nesting grounds
(Marquez-M., 1990; Ehrhart, 1995). Nesting success is vital to the long-term existence of sea
turtles since it is estimated that only 1 out of every 1,000 hatchlings survives long enough to
reproduce (Frazer, 1986).
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During the nesting season, daytime temperatures can be lethal on tropical, subtropical, and
warm-temperate beaches. As a result, adult sea turtles most often nest and hatchlings most
often emerge from their nest at night (Miller, 1997). After emerging from the nest, sea turtle
hatchlings use visual cues (e.g., light intensity or wavelengths) to orient themselves toward the
sea (Lohmann et al., 1997).

Hatchlings that make it into the water will spend the first few years of their lives in offshore
waters, drifting in convergence zones or amidst floating vegetation, where they find food (mostly
pelagic invertebrates) and refuge in flotsam that accumulates in surface circulation features
(Carr, 1987). Originally labeled the lost year, this stage in a sea turtle’s life history is now
known to be much longer in duration, possibly lasting a decade or more (Chaloupka and
Musick, 1997; Bjorndal et al., 2000). Sea turtles will spend several years growing in the early
juvenile “nursery habitat,” which is usually pelagic and oceanic, before migrating to distant
feeding grounds that comprise the later juvenile “developmental habitat,” which is usually
demersal and neritic (in shallow water) (Musick and Limpus, 1997; Frazier, 2001). Hard-shelled
sea turtles most often utilize shallow offshore and inshore waters as later juvenile
developmental habitats; whereas leatherback turtles, depending on the season, can utilize
either coastal feeding areas in temperate waters or offshore feeding areas in tropical waters
(Frazier, 2001).

Once in the later juvenile developmental habitat, most sea turtles change from surface to
benthic feeding and begin to feed on larger items such as crustaceans, mollusks, sponges,
coelenterates, fishes, macroalgae, and seagrasses (Bjorndal, 1997). A sea turtle’s diet varies
according to its feeding habitat and its preferred prey. Upon moving from the later juvenile
developmental habitat to the adult foraging habitat, sea turtles may demonstrate further
changes in prey preference, dietary composition, and feeding behavior (Bjorndal, 1997; Musick
and Limpus, 1997).

Throughout their life cycles, sea turtles undergo complex seasonal movements. Sea turtle
movement patterns are influenced by changes in ocean currents, turbidity, salinity, and food
availability. In addition to these factors, the distribution of many sea turtle species is dependent
upon and often restricted by water temperature (Epperly et al., 1995; Davenport, 1997; Coles
and Musick, 2000). Most sea turtles become lethargic at temperatures below 50°F and above
104°F (Spotila et al., 1997).

Sea turtles do not have an auditory meatus or pinna that channels sound to the middle ear, nor
do they have a specialized tympanum (eardrum). Instead, they have a cutaneous layer and
underlying subcutaneous fatty layer that function as a tympanic membrane. The subcutaneous
fatty layer receives and transmits sound to the extracolumella, a cartilaginous disk, located at
the entrance to the columella, a long, thin bone that extends from the middle ear cavity to the
entrance of the inner ear or otic cavity (Ridgway et al., 1969). Sound arriving at the inner ear
via the columella is transduced by the bones of the middle ear. Sound also arrives by bone
conduction through the skull.

July 2007 Hawaii Range Complex Draft EIS/OEIS 3-21



O©CooO~NOOAaAPRL,WN -

27
28
29
30
31
32
33

34
35
36
37
38
39
40
41
42
43
44
45
46
47
48

Open Ocean Area, 3.0 Affected Environment

Sea turtle auditory sensitivity is not well studied, though a few preliminary investigations suggest
that it is limited to low frequency bandwidths, such as the sounds of waves breaking on a
beach. The role of underwater low frequency hearing in sea turtles is unclear. It has been
suggested that sea turtles may use acoustic signals from their environment as guideposts
during migration and as a cue to identify their natal beaches (Lenhardt et al., 1983). The range
of maximum sensitivity for sea turtles is 100 to 800 Hz, with an upper limit of about 2,000 Hz
(Lenhardt, 1994). Hearing below 80 Hz is less sensitive but still potentially usable to the animal
(Lenhardt, 1994). Ridgway et al. (1969) used aerial and mechanical stimulation to measure the
cochlea in three specimens of green turtle (Chelonia mydas), and concluded that they have a
useful hearing span of perhaps 60 to 1,000 Hz, but hear best from about 200 Hz up to 700 Hz,
with their sensitivity falling off considerably below 200 Hz. The maximum sensitivity for one
animal was at 300 Hz, and for another was at 400 Hz. At the 400 Hz frequency, the turtle's
hearing threshold was about 64 dB in air (approximately 126 dB in water). At 70 Hz, it was
about 70 dB in air (approximately 132 dB in water). Bartol et al. (1999) reported that juvenile
loggerhead sea turtles (Caretta caretta) hear sounds between 250 and 1,000 Hz. Lenhardt et
al. (1983) applied audiofrequency vibrations at 250 Hz and 500 Hz to the heads of loggerheads
and Kemp’s ridleys submerged in salt water to observe their behavior, measure the attenuation
of the vibrations, and assess any neural-evoked response. These stimuli (250 Hz, 500 Hz)
were chosen as representative of the lowest sensitivity area of marine turtle hearing (Wever,
1978). At the maximum upper limit of the vibratory delivery system, the turtles exhibited abrupt
movements, slight retraction of the head, and extension of the limbs in the process of
swimming. Lenhardt et al. (1983) concluded that bone-conducted hearing appears to be a
reception mechanism for at least some of the sea turtle species, with the skull and shell acting
as receiving surfaces. Finally, sensitivity even within the optimal hearing range is apparently
low as threshold detection levels in water are relatively high at 160 to 200 dB re 1 micropascal-
meter (uPa-m) (Lenhardt, 1994).

Five of the seven living species of sea turtles are known to occur in the HRC: the green,
hawksbill (Eretmochelys imbricata), loggerhead, olive ridley (Lepidochelys olivacea), and
leatherback turtles. Each of these species is protected under the ESA. However, critical habitat
has not yet been designated for any of these species in the U.S. Pacific. A draft proposed rule
was prepared in 1980 to designate critical habitat for the green turtle in the Hawaiian Islands,
American Samoa, and the Trust Territories of the United States, but it was never approved by
the U.S. Fish and Wildlife Service (USFWS) (Eckert, 1993).

Green, hawksbill, loggerhead, olive ridley, and leatherback turtles are all regular inhabitants of
the HRC (i.e., they occur as a regular or normal part of the fauna in the HRC, regardless of how
abundant or common they are). Green and hawksbill turtles are most common in offshore
waters around the Main Hawaiian Islands and Nihoa, as they prefer to reside in reef-type
environments that are less than about 55 fathoms in depth (U.S. Department of the Navy,
2005). The green turtle is by far the most common species occurring in the offshore waters
around the Hawaiian Islands; this is highly evidenced by the available stranding data for the
Main Hawaiian Islands. More than 90 percent of all green turtle breeding and nesting activity in
Hawaiian waters occurs at French Frigate Shoals in the Northwestern Hawaiian Islands, yet a
substantial foraging population resides in and returns to the shallow, coastal waters surrounding
the Main Hawaiian Islands (especially around Maui and Kauai). Hawksbill turtles are the
second most common species in the offshore waters of the Hawaiian Islands, as also reflected
by the stranding records, yet they are far less abundant than green turtles. Hawksbills occur
around and nest on several of the Main Hawaiian Islands. Hawksbill nesting occurs primarily on
the southeastern end of Hawaii and on the eastern end of Molokai (Aki et al., 1994).
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Further offshore (in waters beyond the 55-fathom isobath), juvenile loggerheads forage in or
migrate through the HRC as they move between North American developmental habitats and
Japan. The highest densities of loggerheads can be found just north of the HRC within the
North Pacific transition zone (Polovina et al., 2000). The highest densities of olive ridleys, on
the other hand, are likely found just south of the HRC. The distribution of the olive ridley in the
central Pacific Ocean is primarily tropical; as a result, they are often found in warmer waters
than loggerheads (Polovina et al., 2004). The primary migration corridor for leatherbacks
moving west from U.S. west coast foraging areas to western Pacific nesting and foraging areas
lies along the southern edge of the HRC, while an eastward return corridor appears to pass
through the northern portion of the HRC (U.S. Department of the Navy, 2005c¢).

Due to the offshore habitat preferences of the green and hawksbill turtles and the oceanic
habitat preferences of the loggerhead, olive ridley, and leatherback turtles, the entire HRC is
recognized as an area of primary occurrence for sea turtles. Since the Hawaiian Islands are
situated in tropical waters that are warm year-round, the area of primary occurrence is the same
in fall and winter as it is in spring and summer. Sea turtles are also known to come ashore at
several locations throughout the Main Hawaiian Islands, be it for terrestrial basking (green
turtles only) or nesting (primarily green and hawksbill turtles). Nesting/basking sites for sea
turtles occur on all eight of the Main Hawaiian Islands. Of note are green turtle nesting/basking
beaches located at PMRF Barking Sands on Kauai and a green turtle basking beach located
along Kiholo Bay off the northwestern shore of Hawaii (National Ocean Service, 2001; U.S.
Department of the Navy, 2004). These beaches are located in areas where the HRC runs right
up to the shoreline.

Sea turtle fibropapilloma is caused by a virus similar to herpes and affects the skin with large
tumors (Quackenbush et al., 1998). Fibropapilloma may be caused by exposure to marine
areas impacted by pollution such as runoff from agricultural, industrial, or urban sources
(Aquirre and Lutz, 2004). Growth rates of green turtles were significantly lower in those with
fibropapilloma tumors (Chaloupka and Balazs, 2005). Despite the effects of fibropapilloma on
green turtles, the population has been increasing in the Hawaiian Islands (Balazs and
Chaloupka, 2004).

3.1.2.3.1 Green Turtle (Chelonia mydas)

Status. Green turtles are listed as threatened under the ESA, except for breeding populations
found in Florida and the Pacific coast of Mexico, which are both listed as endangered. Green
turtle populations are in serious decline throughout most of the Pacific Ocean, except for the
Hawaiian population. The Hawaiian population of green turtles is its own distinct genetic
haplotype.

The Hawaiian population of green turtles appears to have increased gradually over the past 30
years and currently has population sizes sufficient to warrant a status review (Balazs 1995;
Balazs and Chaloupka, 2004). This is presumably due to effective protection at primary nesting
areas in the Northwestern Hawaiian Islands and better enforcement of regulations prohibiting
take of the species. However, the relatively recent increase in fibropapillomatosis, a tumor-
producing disease in green turtles that is likely caused by a herpes-type virus, threatens to
eliminate improvements in the status of the Hawaiian population. The size of the green turtle
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population in the Pacific Ocean was estimated at about 21,000 adults in 2001 (National Marine
Fisheries Service, 2005; Seminoff, 2004).

Abundance and Distribution. Green turtles occur in the coastal waters surrounding the Main
Hawaiian Islands throughout the year and also migrate seasonally to the Northwestern
Hawaiian Islands to reproduce. Genetic analyses conducted by the NMFS suggest that about
57 percent of the green turtles that have been captured in longline fisheries off the Main
Hawaiian Islands have been members of the endangered Mexican (Pacific coast) nesting
aggregation, while 43 percent have represented the threatened Hawaiian (French Frigate
Shoals) nesting aggregations. This EIS assumes that these results are generally representative
of the relative abundance of green turtles found in areas off the Main Hawaiian Islands.

Adult green turtles that breed in the Northwestern Hawaiian Islands make regular reproductive
migrations from their foraging grounds either around the Main Hawaiian Islands or around the
westernmost atolls in the Northwestern Hawaiian Islands. This has been evidenced by mark-
recapture and satellite-tracking studies on both adult male and female green turtles (Balazs,
1976; 1983; Balazs and Ellis, 2000; Balazs et al., 1994). Juvenile green turtles can also make
long-range movements throughout the Hawaiian archipelago. From June 2002 to March 2003,
a captive-reared green turtle released off northwestern Hawaii traveled over 2,983 mi around
the Hawaiian Islands, swimming as far west as the waters between Nihoa and Necker Islands
before turning around and heading back to the Main Hawaiian Islands (Thompson, 2003).

The largest nesting colony in the central Pacific Ocean occurs at French Frigate Shoals in the
Northwestern Hawaiian Islands, where about 200 to 700 females nest each year. On occasion,
green turtles also nest in the Main Hawaiian Islands. The most famous nesting green turtle in
the Main Hawaiian Islands is turtle 5690, known by sea turtle biologists as “Maui Girl.” This
turtle, which was raised to a year old at Oahu’s Sea Life Park and then tagged and released,
has nested on beaches near Lahaina, Maui in 2000, 2002, and 2004 (Leone, 2004). Other
sporadic nesting events in the Main Hawaiian Islands have occurred along the north shore of
Molokai, the northwest shore of Lanai, and the south, northeast, and southwest shores of Kauai
(U.S. Department of the Navy, 2001b, 2002a; National Ocean Service, 2001).

The area of year-round primary occurrence for green turtles is located in waters inshore of the
55-fathom isobath (bathymetric contour of equal depth) around all of the Main Hawaiian Islands
and Nihoa. Itis in these areas where reefs, their preferred habitats for foraging and resting, are
most abundant. The area of secondary occurrence encompasses an oceanic zone surrounding
the Hawaiian Islands. This area is frequently inhabited by adults that are migrating to the
Northwestern Hawaiian Islands to reproduce and by pelagic stage individuals that have yet to
settle into coastal feeding grounds of the Main Hawaiian Islands. Further offshore of this
seasonal use zone green turtles occur in much lower numbers and densities.
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3.1.2.3.2 Hawksbill Turtle (Eretmochelys imbricata)

Status. The hawksbill turtle is listed as endangered under the ESA. A lack of regular
quantitative surveys for hawksbill turtles in the Pacific Ocean and the discrete nature of this
species’ nesting have made it extremely difficult for scientists to assess the distribution and
population status of hawksbills in the region (National Marine Fisheries Service and U.S. Fish
and Wildlife Service, 1998a; Seminoff et al., 2003).

Abundance and Distribution. Around the Hawaiian Islands, hawksbills are only known to occur
in the coastal waters of the eight main and inhabited islands of the archipelago. Hawksbills
forage throughout the Main Hawaiian Islands, although in much fewer numbers than green
turtles. Hawksbills have been captured at several locations including Kiholo Bay and Kau
(Hawaii), Palaau (Molokai), and Makaha (Oahu) (Hawaii Department of Land and Natural
Resources, 2002). Strandings have been reported in Kaneohe and Kahana Bays (Oahu) as
well as in other locations throughout the Main Hawaiian Islands (Eckert, 1993; National Marine
Fisheries Service and U.S. Fish and Wildlife Service, 1998a). No reliable reports are known
from Niihau (U.S. Department of the Navy, 2001b). Hawksbills are much more abundant in the
shallow, offshore waters of the Hawaiian Islands than they are in deeper, offshore waters of the
central Pacific Ocean.

Throughout the year, the area of primary occurrence for hawksbill turtles can be found in HRC
waters shoreward of the 55-fathom isobath. Beyond the 55-fathom isobath, hawksbill
occurrence is rare year-round. Pelagic stage individuals may occur in oceanic waters off the
Main Hawaiian Islands and Nihoa, but these life stages are nearly impossible to sight during
surveys and rarely, if ever, interact with the pelagic longline fishery. Of the five sea turtle
species known to occur in the HRC, the hawksbill is the only one that is not taken by Hawaiian
longliners (Kobayashi and Polovina, 2005).

3.1.2.3.3 Leatherback Turtle (Dermochelys coriacea)

Status. Leatherback turtles are listed as endangered under the ESA and are critically
endangered with extinction in the Pacific Ocean. There are few quantitative data available
concerning the seasonality, abundance, or distribution of leatherbacks in the central North
Pacific Ocean. The leatherback is not typically associated with insular habitats, such as those
characterized by coral reefs, yet individuals are occasionally encountered in deep ocean waters
near prominent archipelagos such as the Hawaiian Islands (Eckert, 1993).

Abundance and Distribution. Based on the genetic sampling of 18 leatherback turtles in
Hawaiian waters, about 94 percent of the leatherback turtles sampled originated from western
Pacific nesting beaches (National Marine Fisheries Service, 2004, 2005). These turtles could
represent individuals from Indonesia (Jamursba-Medi or War-Mon), Papua New Guinea
(Kamiali or other areas of the Huon Gulf), Malaysia (Terrenganu), the Solomon Islands, or Fiji,
although satellite tracks from leatherback turtles tagged in Papua New Guinea suggest that
leatherback turtles from these islands tend to migrate south instead of north, which would take
them away from the action area. The remaining 6 percent of the leatherback turtles found off
the Main Hawaiian Islands represent nesting aggregations from the eastern tropical Pacific
Ocean (Mexico and Costa Rica).
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Leatherback turtles are regularly sighted by fishermen in offshore waters surrounding the
Hawaiian Islands, generally beyond the 647-fathom contour, and especially at the southeastern
end of the island chain and off the north coast of Oahu (Nitta and Henderson, 1993; Balazs,
1995; 1998). Leatherbacks encountered in these waters, including those caught incidental to
fishing operations, may represent individuals in transit from one part of the Pacific Ocean to
another (National Marine Fisheries Service and U.S. Fish and Wildlife Service, 1998b).
Leatherbacks apparently have a wide geographic distribution throughout the region where the
Hawaiian longline fishery operates, with sightings and reported interactions commonly occurring
around seamount habitats located above the Northwestern Hawaiian Islands (from 35° to 45°N
and 175° to 180°W) (Skillman and Balazs, 1992; Skillman and Kleiber, 1998).

McCracken (2000) has also documented incidental captures of leatherbacks at several offshore
locations around the Main Hawaiian Islands. Although leatherback bycatch events are common
occurrences off the archipelago, leatherback stranding events on its beaches are not. Since
1982, only five leatherbacks have stranded in the Hawaiian Islands (National Marine Fisheries
Service, Pacific Islands Fisheries Science Center, 2004).

Satellite-tracking studies, a lack of Hawaiian stranding records, and occasional incidental
captures of the species in the Hawaii-based longline fishery indicate that deep, oceanic waters
are the most preferred habitats of leatherback turtles in the central Pacific Ocean. As a result,
the area of year-round primary occurrence for the leatherback turtle encompasses all HRC
waters beyond the 55-fathom isobath. Inshore of the 55-fathom isobath is the area of rare
leatherback occurrence, which is the same yearround. Leatherbacks were not sighted during
any of the aerial surveys for which data were collected, all of which took place over waters lying
close to the Hawaiian shoreline. Leatherbacks were not sighted during any of the NMFS
shipboard surveys either, although their deep diving capabilities and long submergence times
lessen the probability that observers would be able to spot them during marine surveys.

3.1.2.3.4 Loggerhead Turtle (Caretta caretta)

Status. The loggerhead turtle is listed as threatened under the ESA.

Abundance and Distribution. Loggerhead turtles found off the Main Hawaiian Islands represent
turtles that nest on beaches in southern Japan, which consist of about 1,500 adult females
(Kamezaki et al., 2003).

The NMFS and USFWS (1998c) listed four records of this species for the Hawaiian Islands: two
from the southeastern end of the archipelago, one from Kure Atoll (recovered from the stomach
of a tiger shark [Galeocerdo cuvier]), and a fourth from the coast of Oahu (seen just offshore of
the Sheraton Waikiki hotel). All four individuals were identified as juvenile loggerheads and
most likely drifted or traveled to the region from either Mexico or Japan. A single male
loggerhead turtle has also been reported to visit Lehua Channel and Keamano Bay (located off
the north coast of Niihau) every June through July (U.S. Department of the Navy, 2001b;
National Ocean Service, 2001). Only one loggerhead stranding has been recorded in the
Hawaiian Islands since researchers began documenting them in 1982. This event, which was
recorded along the shores of Kaneohe Bay, Oahu, was determined to be the result of a shark
attack (National Marine Fisheries Service, Pacific Islands Fisheries Science Center, 2004).
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