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250 Makalapa Dr.
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Dear Mr. Foster:

Subject:  U.S. Pacific Fleet Northwest Training Range Complex (NWTRC) in the
Northern Pacific Coastal Waters off the States of Washington, Oregon and
California and activities in Puget Sound and Airspace over the State of
Washington.

This letter transmits the U.S. Fish and Wildlife Service’s (FWS) Concurrence and Biological
Opinion {Opinion) (FWS ref. #: 13410-2009-F-0104) issued for the proposed 5-Year training
plan for the U.S. Pacific Fleet Northwest Training Range Complex (NWTRC) in the Northern
Pacific Coastal Waters off the States of Washington, Oregon and California and activities in
Puget Sound and Airspace over the State of Washington. This Letter of Concurrence and
Opinion are in response to the Navy’s January 13, 2009, request for formal consultation. The
FWS responded by letter dated February 19, 2009 that insufficient information was provided in
the Biological Evaluation (BE) to initiate formal consultation. The FWS provided a letter, dated
November 18, 2009, initiating formal consultation pursuant to section 7(a)(2) of the Endangered
Species Act of 1973, as amended (16 U.S.C. 1531 et seq.).

In the BE initially submitted for formal consultation, the Navy determined that the activities
proposed for the NWTRC “may affect” the short-tailed albatross (Phoebastria albatrus), the
western snowy plover (Charadrius alexandrinus nivosus), the sea otter (Enhydra lutris), bull trout
(Salvelinus confluentus), bull trout critical habitat, and the marbled murrelet (Brachyramphus
marmoratus). In an amendment to the BE, dated October 25, 2009, the Navy determined that
activities proposed for the NWTRC “may affect, but were not likely to adversely affect” the
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northern spotted owl (Strix occidentalis caurina), Canada lynx (Lynx canadensis), gray wolf
(Canis lupis), grizzly bear (Ursus arctos horribilus), and woodland caribou (Rangifer tarandus
caribou).

The FWS concurs with the determination of “may affect, not likely to adversely affect” for the
short-tailed albatross, western snowy plover, the sea otter (specifically the listed southemn sea
otter), bull trout critical habitat, northern spotted owl, Canada lynx, gray wolf, grizzly bear and
woodland caribou. The rationale for our concurrence is provided in the Biological Opinion. We
determined there would be adverse effects to the marbled murrelet and bull trout. Adverse
effects to these species are addressed in the Biological Opinion. We also concluded that the
proposed action “is not likely to jeopardize” the bull trout or the marbled murrelet.

Should you have any questions regarding this consultation, or your responsibilities under the
Endangered Species Act, please contact Kevin Shelley at (360) 753-4325
(kevin_shelley@fws.gov) or John Grettenberger (360) 753-6044 (john_grettenberger@ fws.gov)
of this Office.

Sincerely,

A

n S. Berg, Manage
Washington Fish and Wildlife Office
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CONSULTATION HISTORY

On January 13, 2009, the United States (U.S.) Fish and Wildlife Service (FWS) received a
request for consultation from the U.S. Navy (Navy) on the Navy’s proposed 5-year training plan
for the U.S. Pacific Fleet in the Northwest Training Range Complex (NWTRC). The letter and
supporting documents (Environmental Impact Statement (EIS) and Biological Evaluation (BE))
addressed effects to federally listed resources. By letter to the Navy, dated February 19, 20009,
we determined the information contained in the Navy's BE was insufficient to initiate formal
consultation. Between February 2009, and November 2009, FWS and Navy staff attended
meetings and exchanged electronic mail (email) and telephone calls to develop information
sufficient to initiate formal consultation. Formal consultation was then initiated by the FWS
with official correspondence to the Navy, dated November 18, 20009.

The following is a chronological list of key events and communications related to this
consultation:

e 13 January 2009: The FWS received a letter and Biological Evaluation from the Navy,
dated 19 December 2008, requesting formal consultation for the proposed NWTRC.

e 19 February 2009: The FWS responded to the 19 December 2008 Navy request for
formal consultation indicating the need to coordinate because the Biological Evaluation
lacked sufficient information to initiate formal consultation.

e 17 March 2009: Meeting in Lacey, WA, involving G. Hart (Navy) and K. Shelley (FWS)
and R. Malecki (FWS) discussing the informational needs of the Biological Evaluation.

e 13 May 2009: Meeting in Lacey, WA, involving G. Hart (Navy), K. Kler (Navy), and K.
Shelley (FWS) discussing the informational needs of the Biological Evaluation.

e 29 September 2009: FWS received comments, via email, on the FWS’s draft Project
Description, dated September 18, 20009.

e 30 September 2009: FWS received via email, Navy statement that no fuel spills have
occurred as a result of Pacific Fleet Training in Puget Sound or at sea.

e 27 October 2009: FWS received an email transmitting the Biological Evaluation
Amendment, dated October 25, 2009. The amendment addressed effects from the
NWTRC on five terrestrial species.

e 04 November 2009: FWS received an email transmitting an amendment to the Biological
Opinion describing the final survey monitoring plan for fish, marine mammals, and
marbled murrelets implemented prior to and following Explosive Ordnance Disposal
(EOD) training events.

e 18 November 2009: FWS signed and mailed a letter to the Navy initiating formal
consultation on the NWTRC.

e 12 March 2010: FWS received written clarification from the Navy, via email, describing
the nature of aviation training activities conducted in the Okanogan A, B, & C and
Roosevelt A & B Military Operations Areas (MOAS).



e 16 April 2010: FWS received a commitment, via email, regarding NWTRC Mitigations.
Specifically, the Navy agreed to relocate the one EOD event proposed each year (five
total) for EOD Port Townsend to EOD Floral Point. This resulted in mitigation whereby
the EOD training events scheduled at EOD Port Townsend will now occur at EOD Floral
Point during the five-year implementation period of the NWTRC.

FEDERALLY LISTED RESOURCES WITHIN THE NWTRC

Twelve federally listed resources under the jurisdiction of the FWS occur within the boundaries
of the NWTRC: 11 species and one designated critical habitat (Table 1). Six of the 11 species
and designated critical habitat are entirely or predominately aquatic-oriented and the remaining
five species depend entirely on terrestrial habitat for their life cycle needs. Effects to all species
are considered and addressed in the Effects portion of this Biological Opinion (Opinion),
although the proposed action was only determined to have significant adverse effects to bull trout
and marbled murrelets.

Table 1. Summary of the federally listed resources that may be affected by the U.S. Navy’s
2010-2015 proposed training plan for the Northwest Training Range Complex (Preferred
Alternative 2).

Federally listed Resources within the Northwest Listing Effect
Training Range Complex * Status Determination”
Short-tailed Albatross Phoebastria albatrus Endangered “may affect...”
California Brown Pelican’ Pelecanus occidentalis Endangered “may affect...”
californicus

Western Snowy Plover Charadrius alexandrinus nivosus Threatened “may affect...”
Sea Otter Enhydra lutris Threatened “may affect...”
Marbled Murrelet Brachyramphus marmoratus Threatened “may affect...”
Bull Trout Salvelinus confluentus Threatened “may affect...”
Bull Trout Critical Habitat - Designated “may affect...”
Northern Spotted Owl® Strix occidentalis caurina Threatened NLAA
Canada Lynx® Lynx canadensis Threatened NLAA
Grizzly Bear® Ursus arctos horribilus Threatened NLAA
Gray Wolf® Canis lupis Threatened NLAA
Woodland Caribou® Rangifer tarandus caribou Endangered NLAA

ISpecies that under the jurisdiction of the FWS will be addressed in this Biological Opinion. The FWS
assumes that any activities that are likely to occur seaward of the mean high water line, including activities
that may affect threatened or endangered species of sea turtles, are addressed under section 7 by the
National Marine Fisheries Service.
% The California brown pelican was removed from the list of Endangered and Threatened Wildlife on

December 17, 2009.

® These species were not addressed in the October 2008 Biological Evaluation provided by the Navy. The
Navy concluded the effects of the NWTRC “may affect, are not likely to adversely affect” (i.e., NLAA)

these listed species in the 27 October 2009 amendment to the original BE.
* The effect determination as presented in the October 2008 Biological Evaluation provided by the Navy.




BIOLOGICAL OPINION
DESCRIPTION OF THE PROPOSED ACTION

The Navy action being assessed in this Biological Opinion (Opinion) is a 5-year proposal for
Pacific Fleet training in the NWTRC. The NWTRC is used for surface, submarine, aviation, and
explosive ordnance disposal training for military units located at Naval Air Station Whidbey
Island, Naval Station Everett, Naval Station Indian Island, Naval Base Kitsap (NBK) Bremerton,
and NBK-Bangor in the Coastal/Puget Sound of northwest Washington. The Naval Special
Warfare units and other “non-resident” military units also use the NWTRC.

The Navy’s overall purpose is to maintain military readiness by providing a realistic, live-
training environment for Pacific Fleet forces and other users. The proposed action includes air
and surface target training, development and use of a new electronic combat threat signal
capability, development of a Portable Undersea Tracking Range (PUTR) and development of a
new underwater minefield for training. The air and surface target training will require the use of
surface combat vessels, submarines, and aircraft that will engage in a number of training
exercises involving air-to-air missiles, air-to-air combat, surface-to-air weaponry, and air-to-
surface bombs and missiles. In addition to the development of the new electronic combat signal
capability, development of a PUTR, and minefield training capability, the Navy proposes to
increase the type and number of training exercises in several warfare types compared to current
levels.

Navy training exercises in the NWTRC will occur in the air and in the surface and subsurface
ocean environment of the Pacific Ocean off the coasts of Washington, Oregon, and northern
California, within the airspace, land, and waters of Coastal/Puget Sound (CPS), and within the
airspace over lands across the northern tier of Washington and extending to Idaho (Figures 1 and
2).
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Figure 1. The NWTRC (source: U.S. Navy, Northwest Training Range

Complex, Marine and Terrestrial Species, Final Biological Evaluation, October
2008, p. 1-2).
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Figure 2. The NWTRC, Coastal/Puget Sound Inshore Area Detail (source: U.S.
Navy, Northwest Training Range Complex, Marine and Terrestrial Species, Final
Biological Evaluation, October 2008, Figure 2.3, p.2-7).

Scope of Training Activities

The Navy proposes training in eight different warfare and non-warfare categories containing a
variety of range exercises. Range exercises can occur in one to all three of the above-described
locations within the NWTRC. Table 2 associates the various range exercises to each Range
Subunit within the NWTRC.



Table 2. Summary of warfare training types and exercises associated with the U.S. Navy’s
2010-2015 proposed training plan for the NWTRC (Preferred Alternative 2).

Warfare Type Range Exercises NWTRC Subunit*
Air Combat Maneuvers Ocean_
Terrestrial
Anti-Air Warfare Air-to-Air Missile Ocean
Surface-to-Air Gunnery Ocean
Surface-to-Air Missile Ocean
Surface-to-Surface Gunnery Ocean
Air-to-Surface Bombing Ocean
Anti-Surface Warfare HARM Ocean
Sink Ocean
Anti-Submarine Tracking Ocean
. . Extended Echo Ranging Ocean
Anti-Submarine Warfare - .
Surface Ship Tracking Ocean
Submarine Tracking Ocean
Electronic Combat Electronic Combat Ocean_
Terrestrial
Mine Countermeasures Coastal/Puget Sound
Mine Warfare Land Demolition Coastal/Puget Sound
Mine Avoidance Ocean
. Insertion/Extraction Coastal/Puget Sound
Naval I Warf - —
aval Special Warfare Special Warfare Training Coastal/Puget Sound
Strike Warfare HARM (non-firing) Terrestrial
Intelligence, Surveillance, and
. Ocean
Reconnaissance
Non-Warfare Unmanned Aerial Systems Ocean
Research Coastal/Puget Sound
Terrestrial

*The description of these subunits is provided in the section entitled “Action Area”.

Anti-Air Warfare Training

Air Combat Maneuvers

Air Combat Maneuvers (ACM) includes Basic Flight Maneuvers where aircraft engage in
offensive and defensive maneuvering against each other. Ordnance is not released during this
exercise and these maneuvers involve two to twelve “sorties”. A sortie is defined as a single
operation by one aircraft within a range or operating area and is one complete flight, starting
with the takeoff and terminating with the landing. Anti-air warfare training will occur in the
Ocean and Terrestrial subunits and will involve an increase in the number of sorties from the
current number of 1,353 sorties (No-action Alternative) to 2,000 sorties (Alternative 2). This
increase is one of the significant increases in training associated with the NWTRC.

Aircraft used in these exercises are typically EA-6B Prowlers where personnel engage in
instrument training, in-flight refueling, basic familiarization training, and formation flying. In



the future, the Navy plans to replace the EA-6B Prowlers with EA-18G Growlers. The Air Force
and Air National Guard also engage in training exercises with F-15s and Marine Corps used FA-
18s to conduct the same training exercises. Typically, ACM sorties last up to an hour and a half
with a lower flight altitude (hard deck) of 5,000 ft above ground level (AGL). However, the hard
deck for aircraft warfare training is as low as 300 ft AGL in some portions of the Roosevelt and
Okanogan MOAs and as low as 1,200 ft AGL in the Olympic MOA.

Air to Air Missile Exercise

These exercises occur only in the Ocean subunit and simulate an aircraft missile attack on a
threat (target) aircraft with the goal of destroying the target. The exercise involves a flight of
two aircraft operating between 15,000 to 25,000 ft and at a speed of approximately 450 knots.
The Navy aircraft launch their missiles against the target. Approximately half of the missiles
have live warheads and about half have an inert telemetry head package. The missiles are fired
on a target and are not recovered. The target is either a decoy or a flare with a parachute, both of
which are expended. These exercises last about one hour, and are conducted in a warning area at
sea at a distance beyond 12 nautical miles from the coastline. This exercise does not occur in the
current training operations of the Navy (No-action Alternative). The Navy proposes to utilize
this exercise 24 times annually with the use of 30 missiles annually.

Surface to Air Gunnery Exercise

During this exercise (exclusively in the Ocean Subunit), a ship’s gun crews engage threat aircraft
or missile targets with their guns with the goal of disabling or destroying the threat. There are
two common training scenarios. One scenario involves surface vessels (a destroyer with 5-inch
guns or a frigate with 76 mm guns) attempting to down threat aircraft or destroy anti-ship
missiles simulated by an aircraft near the water’s surface towing a target toward the ship. Main
battery guns fire 5-inch or 76 mm rounds at the threat with the goal of destroying the threat
before it reaches the ship. This is a defensive exercise where each gun usually fires 6 rounds of
5-inch ammunition and 12 rounds of 76 mm ammunition at a target towed by an aircraft at an
altitude above 500 ft. Vessels will maneuver as necessary and will typically operate at speeds up
to 12 knots for these two-hour exercises. Targets are not destroyed during the exercise.

Another typical scenario involves training with weapon systems in a similar exercise, except the
vessels involved engage the simulated threat aircraft or missile with a defense weapon. The
weapon systems equipped on ships can expend between 900 to 1,400 rounds per mount per firing
run for a total of up to five runs during the typical two hour exercise. The actual number of
rounds expended during this exercise is dependent on the ship class, the weapon system, and the
available ammunition allowance. Weapon system maintenance requires test firing prior to any
exercise with an estimated 250 rounds of 20 mm expended annually during these 30-minute test
firings.

The current annual training level of surface-to-air gunnery exercises is 72 events. Under
Alternative 2, the Navy proposes to increase the training to 160 events annually.



Surface to Air Missile Exercise

This newly proposed (Alternative 2) two-hour training exercise involves surface ships engaging
threat missiles and aircraft with surface-to-air missiles with the goal of disabling or destroying
the threat. The Navy proposes four events annually. Missiles in this exercise are launched from
ships. One live or inert missile is expended against one of two types of targets. One common
target used in these exercises is towed by an aircraft and is engaged following two or three
tracking runs. Another common target is a remotely controlled drone. The drone is subscale and
subsonic, and is launched from the ground or air. Drone recovery is possible with a parachute
deployed at the end of the flight.

Anti-Surface Warfare Training

Surface to Surface Gunnery Exercise

Surface gunnery exercises involve either stationary or maneuverable surface targets that are fired
upon with 5-inch, 76mm, 57mm, .50 caliber, and 7.62mm guns. The exercise occurs only in the
Ocean Subunit and lasts up to two hours. The Navy proposes to double the number of annual
events from 90 (No-action Alternative) to 180 events (Alternative 2).

Air to Surface Bombing Exercises

These bombing exercises in the Ocean Subunit involve aircraft and other fixed-wing aircraft
delivering bombs against simulated targets in marine waters. The targets are typically smoke
floats. A single aircraft approaches the target at a low altitude, and drops either inert or live
ordnance. This training is conducted by three active duty squadrons and one Reserve squadron
(12 crews in each squadron), with squadrons deploying live ordnance once every 24 months. In
a training exercise, one crew drops live, 500 Ib general-purpose bombs while the remaining 11
crews drop inert ordnance, for a total of 12 drops per squadron per cycle. The exercise results in
96 pieces of ordnance dropped annually with each exercise requiring up to 4 hours to complete.
The Navy proposes an annual increase of 6 events from 24 exercises (No-action Alternative) to
30 exercises (Alternative 2).

High-Speed Anti-Radiation Missile (HARM) Exercise

EA-6B squadrons engage in this training in the airspace above the Ocean Subunit to improve
electronic attack skills using the HARM missile, the primary weapon for attacking emitting
radars of the enemy. The missiles are non-firing so this is a simulated firing. During a typical
exercise, the EA-6B aircraft that flies at a high altitude (>10,000 ft) would receive, identify, and
destroy an electronic signal from a simulated enemy radar signal. These non-firing events last up
to two hours. The Navy proposes 3,000 events annually under Alternative 2, an increase of 276
events from the No-action Alternative.



Sink Exercise

This highly coordinated exercise in the Ocean Subunit is conducted by aircraft, surface ships,
and submarines in an assault on a full size ship. This is a live fire event and the target is often a
decommissioned combatant or merchant ship. These target vessels are remediated to permit
standards set by the Environmental Protection Agency. Pursuant to the Environmental
Protection Agency permit’, the target is towed out to sea (at least 50 nautical miles (nm) [92.6
km]) and set adrift in a location with an appropriate depth (at least 1,000 fathoms [6,000 ft]) and
where it will not be a navigation hazard to other shipping. Inert ordnance is often used during
the first stages of the event. If weapons do not sink the vessel, EOD personnel sink the vessel by
detonating demolition charges previously placed on the ship. The Navy conducts one event
annually under the No-action Alternative and now proposes to conduct two events annually
under Alternative 2.

Anti-Submarine Warfare (ASW) Training

Anti-Submarine Tracking Exercise

This exercise is designed to train aircraft, ship, and submarine crews in tactics, techniques, and
procedures for search, detection, locating, and tracking of submarines with the goal of
determining a firing solution that involves launching a torpedo to destroy the simulated
submarine. It only occurs in the Ocean Subunit and a typical exercise involves one ASW unit
(aircraft, ship, or submarine) versus one target. The target can be non-evading or fully evasive
and tracking units use active and passive sensors, including hull-mounted sonar, towed arrays,
variable depth sonar, and sonobuoys for tracking. Specifically, this training scenario involves a
single Maritime Patrol Aircraft (P-3C or P-8 MMA) dropping passive and active sonobuoys,
from an altitude as low as 400 ft into a pre-determined pattern. The training requires up to four
hours and no torpedoes are fired. Up to 200 sorties occur annually under the No-action
Alternative and the new proposal is to increase the annual number of sorties to 210 (Alternative
2).

Portable Undersea Tracking Range. The PUTR is a proposed development to be
constructed in marine waters intended to enhance the existing training in the NWTRC.
The construction involves the “temporary” placement of seven electronics packages
(sensors) on the seafloor, each approximately 3 ft long by 2 ft in diameter. Although no
candidate locations have yet been identified, the electronic packages would be placed in
water depths greater than 600 ft, at least 3 nm from land. Because this is a temporary
installation (i.e., the PUTR is recovered after completion of training), no permanent
restricted areas would be designated. However, the Navy may need to temporarily
restrict access to the area utilized to limit any activity that could damage or disturb the
Sensors.

! The EPA granted the Department of the Navy a general permit through the Marine Protection, Research, and
Sanctuaries Act to transport vessels “for the purpose of sinking such vessels in ocean waters...” (40 CFR Part
229.2). Subparagraph (a) (3) of this regulation states “All such vessel sinkings shall be conducted in water at least
1,000 fathoms (6,000 feet) deep and at least 50 nautical miles from land.”



Extended Echo Ranging

This activity is an at-sea flying event (Ocean Subunit), typically conducted below 3,000 ft and is
designed to train crews in the deployment and use of the Extended Echo Ranging sonobuoy
systems. This system uses the SSQ-110A as the signal source and the SSQ-77 as the receiver
sonobuoy. This annual activity (10 sorties under the No-action Alternative and 12 sorties under
Alternative 2) lasts up to six hours, with crews involved in five hours of active search.

Surface Ship Tracking

In the Pacific Northwest Operating Area (PACNW OPAREA), locally-based surface ships do
not routinely conduct ASW Tracking exercises. However, mid-frequency active (MFA) sonar is
used occasionally (one to one and a half hours) during ship transits through the PACNW
OPAREA. All surface ship MFA sonar use is documented in this training activity description.
The Navy currently trains 60 times a year with 90 sonar hours (No-action Alternative). Under
Alternative 2, the Navy proposes 65 events with 108 mid-frequency sonar hours.

Submarine Tracking

This is a primary training exercise for Bangor-based submarines and it occurs only in the Ocean
Subunit, 96 times annually (100 events annually in Alternative 2). In 30 percent of the exercises,
P-3 aircraft will accompany a submarine that is tracking a threat submarine. The training
requires up to 12 hours. During these activities, submarines use passive sonar sensors to search,
detect, classify, localize and track the threat submarine with the purpose of simulating a firing
solution to destroy the submarine. No torpedoes are fired during this training activity.

Electronic Combat Training

Electronic Combat uses Electronic Support and Attack tactics to prevent or reduce the
effectiveness of enemy electronic equipment and ensures the continued use of friendly
equipment. This type of training is conducted against sea based, land based, and airborne
threats, or a combination of all three in the Ocean and Terrestrial Subunits. Electronic Support
provides the capability to intercept, identify, and locate enemy emitters while Electronic Attack
employs electronic jamming or similar tactics to neutralize enemy electronic equipment and
command and control capability. Signal analysis and use of airborne and surface electronic
jamming devices are involved to defeat tracking radar systems. This requires the use of aircraft,
surface ships, and submarines. The aircraft (EP-3, P-3C, EA-18G, and EA-6B aircraft) stationed
at Naval Air Station (NAS) Whidbey Island train with a land-based electronic signal emitter
located at Outlying Landing Field (OLF) Coupeville and conduct training in the Darrington
Area. EA-6B aircraft also fly against surface ships to train shipboard crews on the detection of
threat aircraft electronic signatures or to counter jamming of their own electronic equipment.
These training events last up to two hours.

The Navy proposes a large increase in the annual number of events from the current 2,330 events

(No-action Alternative) to a proposed 4,998 events under Alternative 2. In addition, the Navy
proposes use of a new platform, the EA-18G, in up to 275 events annually.
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Mine Warfare Training

Mine Countermeasures

Naval Explosive Ordnance Disposal training develops proficiency in neutralization of
underwater mines, unexploded ordnance, and removal of obstacles. This training requires the
use of high explosives (1.5 and 2.5 Ib charges of C4) underwater or on the surface only in the
Coastal/Puget Sound Subunit at Crescent Harbor and Floral Point Underwater EOD ranges. The
DEIS also indicates the use of the Indian Island for EOD training (one time per year). However,
following discussions with the FWS, the Navy has elected to defer training at Indian Island for
the next 5 years as a conservation measure to reduce adverse effects on the marbled murrelets
(murrelet). All EOD training proposed to occur at Indian Island in the DEIS will now occur at
Floral Point.

A typical scenario involves placing a dummy mine shape on the seafloor. Small boats (5 to 9
meters in length) are used to insert personnel for underwater activities. Sometimes a helicopter
(H-60) is used for insertion. Two divers from one of two small boats (5 to 9 meters in length) or
a helicopter enter the water and begin searching for the mine. After locating and marking the
mine with a buoy, the two divers place a C4 charge on or near the mine. Following confirmation
that the area is visually clear of personnel as well as marine mammals and birds, the charge is
detonated. After the detonation, boats and divers return to the detonation site to retrieve debris.

Pursuant to the shift in EOD training from Indian Island to Floral Point, the Navy now plans to
conduct two training exercises (1.5 Ib charges) at Floral Point and two (2.5 Ib charges) at
Crescent Harbor annually. A maximum of 20 EOD exercises during the 5-year plan are
proposed, comprising any combination of surface or underwater detonations. This represents a
decrease in the overall number of events of 60 annually (300 over 5 years) under the No-action
Alternative. The decision of whether to conduct training with surface or underwater charges will
be made according to the training needs at the time of training. Underwater detonations require
about four hours and one hour is needed for a surface detonation.

Land Demolitions

Land demolitions occur at the Demolition Training Range (DTR) Seaplane Base and at DTR
Bangor. A typical land demolition training exercise has an eight-hour duration and involves
disabling inert, simulated explosive devices that are actuated with different triggers. Typical
explosives used are C4 demolition blocks, detonating cord, and electric blasting caps. The net
explosive weight is 5 Ibs per charge at DTR Bangor and 0.5 b per charge at DTR Seaplane Base.
Other related training activity occurs within the Seaplane Base Survival Area such as locating
and defusing (inert) bombs and simulated improvised explosive devices. Detonations and land
demolitions conducted at DTR Seaplane Base and DTR Bangor will occur approximately 110
times per year under Alternative 2 (102 times annually under No-action Alternative).
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Mine Avoidance

Under Alternative 2, the Navy proposes to construct a new underwater training minefield in the
Ocean Subunit or Coastal portion of the CPS Subunit that will enable submarine-based Naval
crews to conduct mine detection and avoidance training (7 events annually with 42 high-
frequency (HF) active sonar hours), which would not occur under the No-action Alternative.
Development of the 2 nautical-mile square minefield will consist of approximately 15 mine-like
shapes suspended from the ocean floor within 400 to 500 ft of the ocean surface. The simulated
mines will be anchored on the ocean floor at depths of 500 to 600 ft. The location within the
NWTRC for the minefield has not yet been determined. However, placement within the
Olympic Coast National Marine Sanctuary has been ruled out. The Navy may apply some
restrictions within this area for non-military vessels to protect the minefield equipment.

A typical mine avoidance and detection exercise involves one submarine using high-frequency
active sonar for approximately six hours to locate and avoid the simulated mines. Up to seven
training events will occur in the NWTRC annually.

Naval Special Warfare Training

Naval Special Warfare forces (SEALs and Special Boat Units) train in the CPS Subunit to
conduct military activities in five Special Operations mission areas: unconventional warfare,
direct action, special reconnaissance, foreign internal defense, and counterterrorism. Specific
training events include:

Insertion/Extraction Activities

Rope suspension training from hovering or slow flying helicopters (60 ft AGL) and parachute
training are the principal insertion/extraction methods at the Seaplane Base survival area. Search
and rescue training is also included in this activity and involves a helicopter landing and
simulated extraction of a survivor (typically one of the helicopter crewmembers). The H-60
helicopter approaches the survivor, finds a suitable landing zone, lands, recovers the survivor,
then departs the area with the survivor onboard. These activities can last up to five hours four
days per month at OLF Coupeville and two days per month at EOD Crescent Harbor. Under the
No-action Alternative, 108 sorties and 1,064 personnel are involved and these will increase to
120 events and 1,160 personnel under Alternative 2.

Naval Special Warfare Training

Special Forces land-based training requires up to three weeks per session at Indian Island. The
unit is launched from Port Townsend, travels for approximately three hours, and delivers four to
six personnel to Indian Island where beach and special reconnaissance training occurs. When the
2-day land portion of the training is complete, the unit returns back to Port Townsend. No
explosives or live ammunition are used during this training. No change in the current level of
annual training (70 events and 245 personnel) is proposed under Alternative 2.
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Strike Warfare Training

Strike Warfare involves combat activities by air and surface forces against hostile land-based
forces and assets. This involves a HARM exercise that is identical to the previously described
missile exercise under an anti-surface warfare, except the target here is a simulated land radar
site.

Support Activities

Intelligence, Surveillance, and Reconnaissance

Intelligence refers to the information and knowledge obtained through observation, investigation,
analysis, or understanding. Surveillance and reconnaissance refer to the means by which the
information is observed. Surveillance is the systematic observation of a targeted area or group,
usually over an extended time, while reconnaissance is a specific mission performed to obtain
specific data about a target.

This training is conducted in the outer coastal areas and in the Seaplane Base Survival Area of
the CPS Subunit with 94 sorties annually (No-action Alternative) or 100 sorties annually under
Alternative 2. Each event requires six hours to complete and involves an aircrew of 11 personnel
engaging in a variety of intelligence gathering and surveillance methods, including visual,
infrared, electronic, radar, and acoustic. Other aircraft engage as well (EP-3, EA-18G, and EA-
6B).

Unmanned Aerial System Training

Forces deploy unmanned aircraft in the Ocean and CPS Subunits to obtain information about the
activities of an enemy, potential enemy, or tactical area of operations by use of various onboard
surveillance systems including visual, aural, electronic, photographic, or other means. This
would occur 12 times (sorties) annually with implementation of the No-action alternative and
112 times under Alternative 2.

There are numerous types of unmanned aircraft employed to obtain intelligence data on threats.
They are flown at altitudes well above 3,000 ft in patterns to best collect the required data, yet
remain beyond the reach of threat weapon systems. The unmanned aircraft may be controlled by
a pilot at a remote location, just as if the pilot were onboard, or may fly a preplanned,
preprogrammed route from start to finish. Missions require up to six hours, can involve large
aircraft (e.g., the EA-6B Prowler or FA-18 Hornet), and will occur in W-237 or the Warning
areas at a minimum altitude of 40,000 ft.

Summary of Conservation Measures

In addition to the reductions in EOD operations in the Navy’s preferred Alternative (2) compared
to Alternative 1 and the “No Action” Alternative, the following measures are included as part of
the proposed action for the conservation of Federally-listed resources addressed in this Opinion:
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e The implementation of murrelet surveys within a 500-meter distance from the detonation
site prior to each EOD exercise. The exercise does not proceed if murrelets are located in
the survey area;

e The reduction in the charge weight of C4 from 2.5 Ibs to 1.5 Ibs at Floral Point EOD;
e The relocation of all EOD activities from Indian Island EOD to Floral Point EOD; and

e The maximum of one EOD event per EOD site per year during the peak murrelet winter
period (December through February).

Action Area

The action area is defined as all areas to be affected directly or indirectly by the federal action
and not merely the immediate area involved in the action (50 CFR 8 402.02). In delineating the
action area, we evaluated the farthest reaching physical, chemical, and biotic effects of the action
on the environment. These effects are outlined in Table 3, below. We adopted a similar subunit
delineation as described in the BE (Navy 2008a, pp. 2-2 to 2-7), resulting in three separate
subunits.

Ocean Subunit

We adopted the Navy’s delineation of the Pacific Ocean Subunit (PACNW OPAREA) except
along the eastern boundary. Rather than the coastline, we instead chose to align the seaspace and
airspace along a common line with the territorial sea boundary, 12 nm (22.2 km) off the
Washington coastline. For the remainder of the Subunit, we adopted the boundary established in
the BE such that the southern boundary is approximately 50 nm (92.6km) south of Eureka, CA
and the northern extent of the Subunit terminates at the Strait of Juan de Fuca. The western
boundary line extends 250 nm (463 km) to 130° West longitude.

As presented in the DEIS, the eastern boundaries of W-570 and W-93 align with the territorial
sea boundary 12 nm (22.2 km) off the coastlines of Oregon and California, while the eastern
(airspace) boundary of W-237 begins 3 nm (5.5 km) off the Washington coast. Thus, as we have
defined the eastern boundary of the Ocean Subunit (aligned with the territorial boundary), the
airspace between 3 nm and 12 nm in W-237 (A and B) occurs along the eastern edge but outside
of the Ocean Subunit. Any effects to listed resources in the 3 to12 nm coastal band of the Ocean
Subunit are addressed in the Coastal/Puget Sound Subunit (see below).

The training exercises in the Ocean subunit will occur in the air, on the sea surface, and below
the sea surface. Airspace boundaries where aircraft will be deployed for exercises are
established by three Special Use Airspaces (Warning Areas, Figure 1), delineated by blue lines
and labeled W-237, W-570, and W-93. Naval aircraft operate within these airspaces while
engaged in training exercises in the Ocean Subunit. Transit corridors for aircraft involved in
training exercises, traveling to and from Navy bases in Coastal/Puget Sound and other locations,
are not depicted in Figure 1.

The boundaries for seaspace exercises (for surface and subsurface vessels) are depicted in Figure
1 within the rectangular-shaped polygon over the Pacific Ocean (white line). Transit corridors
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on the north end through the Straights of Juan de Fuca and south end to California-based Navy
installations are not depicted in Figure 1.

Coastal/Puget Sound Subunit

This subunit begins at the northeast corner of the Pacific Ocean subunit at the terminus of the
Strait of Juan de Fuca and extends into southern Coastal/Puget Sound to the Manchester Fuel
Depot near Bremerton, WA. As mentioned above, this subunit also includes waters in the
nearshore coastal areas of Washington extending 12 nm (22.2 km) west of the coastline and thus
will include some of the ocean-based training activities in the air and at sea.

The Coastal/Puget Sound Subunit contains military installations, training ranges, transit
corridors, and refueling depots. Although not described in the DEIS, the FWS considers
refueling vessels and vessel transit activities, specifically in support of training under the
NWTRC, as potential indirect effects and are therefore activities interrelated to the NWTRC that
would not occur “but for” the proposed training actions (50 CFR 8402.02). The PUTR, one of
the two proposed range enhancements is proposed to be located in this subunit. The underwater
training minefield may also be constructed in this subunit (but not within the Olympic Coast
National Marine Sanctuary), although final siting has not occurred.

There are four designated military operating areas or installations within Coastal/Puget Sound
subunit where training operations are proposed: R-6701/Chinook A and B, Crescent Harbor,
Indian Island EOD Underwater Range, and Floral Point EOD Underwater Range (Figure 2).
Additional sites include the OLF Coupeville, NBK Bangor DTR, and the DTR Seaplane Base,
which has an associated Survival Area at Crescent Harbor. The training in the Coastal/Puget
Sound Range will involve the use of surface and subsurface vessels in Navy 7 (the sea surface
and subsurface areas under R-6701); aircraft in R-6701, Chinook A and Chinook B Military
Operations Areas (MOAS); and support surface vessels at the Crescent Harbor and Floral Point
EOD Ranges.

Terrestrial Subunit

Inland training will occur in the Olympic, Okanogan, and Roosevelt MOAs and Darrington Area
(Figure 1). The MOAs are FAA-regulated airspaces over land set-aside to provide military
aircraft sufficient space for training maneuvers over land. The Darrington Area is not described
as a MOA, but is airspace that is established for electronic combat training and other non-warfare
related missions.

In the following discussion, we establish the boundaries of the action area based upon the
expected maximum spatial extent of affects from the Navy’s training exercises on the physical
environment in each Range Subunit. To do this, we first list the broad categories of activity
types that are expected to affect the environment. Then we specify the spatial limits based upon
those activity types. After this step, we no longer refer to these areas as Range Subunits, but
rather as subunits of the action area.
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Geographic Distribution of Potential Stressors

In the Description of the Proposed Action above, we summarized the Navy’s proposed training
and range exercises in the seven different warfare categories. From our review of the Navy’s
proposal, we have identified the following six general categories of potential stressors arising
from these training activities and their geographic location within the NWTRC (Table 3).

1) Acoustic

Air: Above-ambient sound levels are expected from the use of high explosive ordnance,
the operation of aircraft at low altitudes in the MOAs, and weapons firing in the Ocean
and Coastal/Puget Sound subunits.

Underwater: The use of mid and high frequency active sonar at detectable frequencies in
the Ocean and high explosive ordnance in the Ocean and Puget Sound subunits is
expected to generate high sound pressure levels significantly beyond the range of normal
variation in ambient underwater levels.

2) Blast Pressure Wave

The use of high explosive ordnance is expected to kill all living organisms that may occur
within the immediate vicinity of the blast zone. High explosive ordnance includes
underwater explosives, aircraft dropping explosive ordnance, missiles, and large weapon
training from vessels. With the exception of EOD training in Puget Sound, all training
involving the use of high explosive ordnance will occur in the Ocean subunit.

3) Physical Impact

The use of vessels (underwater and on the surface), aircraft, weapons training, firing
missiles, dropping ordnance (bombs and shells), and non-explosive munitions may
physically impact (strike) listed resources during the training activities. Physical impacts
to listed resources could occur in all three subunits.

4) Anthropogenic Presence

The physical presence of training activities in the marine waters and in the airspace over
terrestrial environments may be visually or physically disruptive to listed resources
during an organisms’ daily pursuits for food, cover or shelter, resting or loafing, or pair
bonding, breeding, and nest attendance during the breeding cycle. The potential for these
effects on listed resources can occur in all three subunits.

5) Entanglement

The risk for entanglement arises from expended parachutes. Aircraft-launched
sonobuoys, flares, torpedoes, and Expendable Mobile ASW Training Targets deploy
nylon parachutes of varying sizes that remain in the water after use creating the potential
for listed species becoming entangled in the parachute.

6) Contaminants
The primary contaminant sources in the proposed action include plastics and petroleum
products (oil and fuels). Lethal consequences for fish and wildlife resources may result
from either of these contaminant sources through ingestion or contact with petroleum-
based products.
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Table 3. Summary of warfare training types, exercises, activities, and potential stressors that
may affect listed resources pursuant to the U.S. Navy’s 2010-2015 proposed training plan for the
NWTRC (Preferred Alternative 2).

Exercise
WL Range Affectgd Activities Potentially Affecting Listed Potential Stressors
Type Exercises Subunits Resources
Anti-Air Air Combat Ocean Aircraft Overflights Acoustic (air)
Warfare Maneuvers Coastal/Puget Sound Expended Materials Physical Impact
Terrestrial Contaminants
Air-to-Air Missile Ocean Aircraft Overflights Acoustic (air)
Non-Explosive Ordnance* Blast Pressure Wave (air )
High Explosive Ordnance’ Physical Impact
Expended Materials Anthropogenic Presence
Entanglement
Contaminants
Surface-to-Air Ocean Vessel Movement Acoustic (air)
Gunnery Aircraft Overflights ) Blast Pressure Wave (air and
High Explosive Ordnance water)
Non-Explosive Ordnance* Physical Impact
Expended Materials Anthropogenic Presence
Contaminants
Surface-to-Air Ocean Vessel Movement Acoustic (air)
Missile Aircraft Overflights ) Blast Pressure Wave (air
High Explosive Ordnance water)
Non-Explosive Ordnance® Physical Impact
Expended Materials Anthropogenic Presence
Entanglement
Contaminants
Anti-Surface | Surface-to-Surface Ocean Vessel Movement Acoustic (air)
Warfare Gunnery High Explosive Ordnancel1 Blast Pressure Wave (air and
Non-Explosive Ordnance water)
Expended Materials Physical Impact
Anthropogenic Presence
Entanglement
Contaminants
Air-to-Surface Ocean Vessel Movement Acoustic (air)
Bombing Aircraft Overflights . Blast Pressure Wave (air and
High Explosive Ordnance water)
Non-Explosive Ordnance® Physical Impact
Expended Materials Anthropogenic Presence
Entanglement
Contaminants
HARM Ocean Vessel Movement Acoustic (air)
Aircraft Overflights Physical Impact
Anthropogenic Presence
Contaminants
Sink Ocean Vessel Movement Acoustic (air, water)

Aircraft Overflights
High Explosive Ordnance®
Non-Explosive Ordnance®
HF Active Sonar-Torpedo
Expended Materials

Blast Pressure Wave (air,
water)

Physical Impact
Anthropogenic Presence
Entanglement
Contaminants




Exercise

Warfare Range Affect(_ed Activities Potentially Affecting Listed Potential Stressors
Type Exercises Subunits
Resources
Anti- Anti-Submarine Ocean Vessel Movement Acoustic (air, water)
Submarine Tracking Aircraft Overflights Blast Pressure Wave (air,
Warfare MF Active Sonar-Sonobuoys water)
Expended Materials Physical Impact
Anthropogenic Presence
Entanglement
Contaminants
Extended Echo Ocean Aircraft Overflights Acoustic (air, water)
Ranging High Explosive Ordnance’ Blast Pressure Wave (air,
MF Active Sonar water)
Expended Materials Physical Impact
Anthropogenic Presence
Entanglement
Contaminants
Surface Ship Ocean Vessel Movement Acoustic (water)
Tracking MF Active Sonar Physical Impact
Expended Materials Anthropogenic Presence
Contaminants
Submarine Tracking | Ocean Vessel Movement Physical Impact
Expended Materials Anthropogenic Presence
Entanglement
Contaminants
Electronic Electronic Combat Ocean Vessel Movement Acoustic (air)
Combat Terrestrial Aircraft Overflights Physical Impact
Anthropogenic Presence
Mine Warfare | Mine Coastal/Puget Sound | Vessel Movement Acoustic (air, water)
Training Countermeasures High Explosive Ordnance* Blast Pressure Wave (air,
Expended Materials water)
Divers Physical Impact
Anthropogenic Presence
Contaminants
Land Demolition Coastal/Puget Sound | High Explosive Ordnance® Acoustic (air)
Expended Materials Blast Pressure Wave (air)
Physical Impact
Anthropogenic Presence
Mine Avoidance Ocean Vessel Movement Acoustic (water)
HF Active Sonar Contaminants
Naval Special | Insertion/Extraction | Coastal/Puget Sound | Aircraft Overflights Acoustic (air)
Warfare Vessel Movement Physical Impact
Training Expended Materials Anthropogenic Presence
Ground Forces Contaminants
Special Warfare Coastal/Puget Sound | Vessel Movement Anthropogenic Presence
Training Contaminants)
Strike Warfare | HARM (non-firing) | Terrestrial Aircraft Overflights Acoustic (air)
Physical Impact
Anthropogenic Presence
Contaminants
Non-Warfare | Intelligence, Ocean Aircraft Overflights Acoustic (air)
Surveillance, and Vessel Movements Physical Impact
Reconnaissance Ground Forces Anthropogenic Presence
Contaminants
Unmanned Aerial Ocean Aircraft Overflights Acoustic (air)
Systems Research Coastal/Puget Sound Contaminants
Terrestrial

% Surface and Subsurface
2 Active Sonar (for Navigation)
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APPROACH TO THE ANALYSIS

The FWS will address the direct and indirect effects of the U.S. Navy’s proposed training
activities on federally-listed threatened and endangered species resources on land and at sea
within the designated NWTRC. Training activities will occur on 420,163 km? of ocean area,
within 157,928 km? of airspace, and on 354 ha of land.

We used a simple exposure-response approach to assess whether the effects on a listed resource,
either individually or collectively, would be expected to be significant. We assess the
significance of potential effects in the context of two objectives: 1) to identify whether any listed
resources may be exposed to any project stressors and 2) describe the extent (magnitude,
duration, and frequency) of all potential direct and indirect effects on each listed resource from
an exposure to the project stressors. Stressors, as defined here, are any physical, chemical, or
biological entity resulting directly or indirectly from a project that co-occur with the listed
resources in the area affected by the action.

In describing the effects from the Navy’s proposed action on listed resources, we first identify all
physical, chemical, or biological factors, directly or indirectly resulting from the training
activities that may affect any listed resource within the Action Area. The “Action Area” is the
maximum geographic extent of potential stressors and provides a reference area within which we
analyze the individual, interactive, and cumulative direct and indirect effects of these stressors on
listed resources. Depending on the stressor, stressors can extend beyond the physical limits of
the activity that gives rise to the stressor. Thus, the Action Area can encompass more space
(land, air, water) than the area encompassed by the proposed action.

We next conduct an Exposure Analysis. In this step, we identify the threatened and endangered
species or designated critical habitat known or expected to occur during the Navy’s training
activities. Each stressor of interest is then described, to the extent possible, in terms of its’
timing, duration, frequency, intensity, and location. For those Navy-caused stressors that co-
occur with the listed resources, we attempt to identify the number, gender, age or life stage, and
the populations or subpopulations of the listed species exposed. For critical habitat, we identify
the amount and designated conservation role of affected critical habitat unit(s).

Then, using the best available scientific and commercial data, we describe the likely response of
all affected individuals (directly and indirectly) or designated critical habitat in the Response
Analysis. Secondarily, we collate the effects on individuals and summarize them at the scale of
the population(s) those individuals represent. This population-level summary of effects is then
evaluated in terms of the likelihood of extinction posed by the Action, commonly referred to as
the jeopardy analysis. We present the jeopardy analysis in the Integration and Synthesis section.

In accordance with policy and regulation, the jeopardy analysis in this Opinion relies on four
components: (1) the Status of the Species, which evaluates the rangewide condition of bull trout
and murrelets, the factors responsible for that condition, and the species’ survival and recovery
needs; (2) the Environmental Baseline, which evaluates the condition of each species in the
action area, the factors responsible for that condition, and the relationship of the action area to
the survival and recovery of each species; (3) the Effects of the Action, which determines the
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direct and indirect impacts of the proposed Federal action and the effects of any interrelated or
interdependent activities on each species; and (4) Cumulative Effects, which evaluates the effects
of future, non-Federal activities in the action area on each species.

In accordance with policy and regulation, the jeopardy determination is made by evaluating the
effects of the proposed Federal action in the context of the current status of bull trout and
murrelets, taking into account any cumulative effects, to determine if implementation of the
proposed action is likely to cause an appreciable reduction in the likelihood of both the survival
and recovery of either species in the wild.

For bull trout, interim recovery units were defined in the final listing rule for use in completing
jeopardy analyses. Pursuant to FWS policy, when an action impairs or precludes the capacity of
a recovery unit from providing both the survival and recovery function assigned to it, that action
may represent jeopardy to the species. When using this type of analysis, the Biological Opinion
describes how the action affects not only the recovery unit’s capability, but the relationship of
the recovery unit to both the survival and recovery of the listed species as a whole. The jeopardy
analysis for the bull trout in this Biological Opinion uses this approach and considers the
relationship of the action area and core area (discussed below under the Status of the Species
section) to the recovery unit and the relationship of the recovery unit to both the survival and
recovery of the bull trout as a whole. It is within this context that we evaluate the significance of
the effects of the proposed Federal action, taken together with cumulative effects, for purposes of
making the jeopardy determination.

For murrelets, we evaluate the effects of the action against the conservation needs of the species
within the Conservation Zones and across their listed range.

Information Sources and Weight

The FWS uses the best scientific and commercial evidence available to support the analyses and
finding within Biological Opinions. Species monitoring reports from survey efforts by research
entities associated with Federal, State, and Tribal agencies, as well as non-governmental
organizations, are often key sources of evidence. Additional information includes reports and
other documents such as Federal Register notices, recovery plans, and scientific reviews and
summaries. To complete our search for evidence, we conduct a search of peer-reviewed
scientific journals (global) and other literature, including doctoral dissertations and master’s
theses to capture recent advancements in scientific knowledge.

All information sources are weighted according to the strength of evidence in the document.
That is, we assign the highest weight to studies that are robust and contain a high degree of
scientific rigor. Field experiments, particularly those where potentially confounding variables
are controlled, are given the greatest weight when compared to field studies where those
variables are not controlled. Field studies with larger sample sizes and smaller variances are
generally considered stronger evidence than those with smaller sample sizes and larger
variances. Well-designed field experiments are also generally considered to provide stronger
evidence than the conclusions from computer simulations — particularly those simulations that
have little or no supporting evidence from field studies.
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ENVIRONMENTAL BASELINE

Regulations implementing the Endangered Species Act (50 CFR 402.02) (ESA) define the
environmental baseline as the past and present impacts of all Federal, State, or private actions
and other human activities in the action area. Also included in the environmental baseline are
the anticipated impacts of all proposed Federal projects in the action area that have undergone
section 7 consultation, and the impacts of State and private actions which are contemporaneous
with the consultation in progress.

Action Area

The basis for defining the aquatic action area included all stressors listed in Table 3 in the
Description of the Action. The farthest-reaching stressors included 1) the distance that
underwater sound generated by the action intersects with a land mass or where it attenuates to
background levels, and 2) the areas that the Navy vessels and aircraft operate during the training
exercises, as well as traverse to and from exercise areas.

As depicted in Figure 1, the action area includes Puget Sound, the Georgia Basin, and waters off
the Pacific coast of the states of Washington, Oregon, and California. For the purposes of this
analysis, however, we have focused our discussion of the environmental baseline on those
portions of the action area where bull trout and murrelets are likely to be adversely affected.
Those geographic areas include Crescent Harbor for bull trout, and Floral Point, Crescent
Harbor, and the Chinook A and B MOAs for murrelets.

We begin our discussion of the environmental baseline with an overview of the condition of
Puget Sound in general, including the status of forage fish, as they play a critical part in the life
history of murrelets and bull trout. We follow with a summary of the stressors that contribute to
the current status of bull trout and murrelets in the action area, and conclude with discussions of
the conservation role of, and species’ status within those portions of the action area incurring
measurable effects, as identified above.

Puget Sound

Physical and Biological Features

Puget Sound is a system of marine waterways and basins that connect to the Strait of Juan de
Fuca and the Pacific Ocean. The sound extends about 160 kilometers from Deception Pass in the
north to Olympia, Washington, in the south. The average depth of the sound is 62 meters and its
maximum depth is 283 meters (measured off Point Jefferson between Indianola and Kingston,
Washington). The Puget Sound Basin encompasses a 13,700-square-mile area that drains into
Puget Sound and adjacent marine waters; the basin includes all or part of 13 counties in western
Washington, as well as the headwaters of the Skagit River and part of the Nooksack River in
British Columbia, Canada. Streams and rivers that flow into the Sound drain three physiographic
provinces — the Olympic Mountains on the west, the Cascade Range on the east, and the Puget
Lowlands in the center of the basin.
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Puget Sound is unique among North American estuaries, because of its geologically young, deep,
narrow, fiord-like structure. The subtidal circulation of Puget Sound is largely driven by the
differences in salinity between fresher waters within the Sound and the saltier waters in the Strait
of Juan de Fuca. The Olympic and Cascade mountain ranges provide freshwater inputs;
however, several shallow sills restrict the entry of deep oceanic water into Puget Sound, which
reduces flushing of these inland marine and estuarine waters compared to the other urbanized
estuaries of North America. This hydrologic isolation puts Puget Sound’s aquatic organisms at
higher risk because toxic chemicals, nutrients, and pathogens that enter Puget Sound remain in
the system longer, resulting in increased exposure (PSAT 2007).

Puget Sound’s biological resources include all living organisms that inhabit the marine waters
estuaries, and shorelines. These resources include both resident and migratory species of
plankton, invertebrates, fish, sea birds, mammals, and aquatic vegetation.

Intertidal and sub-tidal areas with extensive areas of eelgrass provide breeding sites for many
fish species and habitat for amphipods, copepods and other aquatic invertebrates. Copepods and
other zooplankton represent the major food base for Puget Sound, specifically for small and
juvenile fish (Mauchline 1998) including Pacific herring (Clupea pallasii), Pacific sand lance
(Ammodytes hexapterus), surf smelt (Hypomesus pretiosus), and salmonids. These species play
an important role in marine trophic systems, linking primary production to higher trophic levels
(Mauchline 1998; Sackmann 2000).

Both estuaries and nearshore areas, located within a transition zone between land and sea, are
incredibly dynamic environments influenced by constantly changing physical, chemical, and
biological processes. The marine nearshore is important to many species and provides a number
of critical functions for salmonids, including bull trout. Some of these functions include prey
production, migratory corridors, refuge for juveniles from predators, and juvenile rearing. In
addition, salmon transport marine-derived nutrients back into freshwater streams as they spawn,
thus linking the functions of the nearshore ecosystem to the health of the entire watershed.

Generally, nearshore habitats in Puget Sound are defined by a variety of complex interactions
between physical, geological, chemical, and biological components. As an ecotone between
terrestrial and aquatic ecosystems, the nearshore performs a number of distinctive ecological
functions including the generation, accumulation, and decomposition of detritus that can be an
important part of the estuarine and terrestrial food webs (Day et al. 1989; Polis and Hurd 1996;
Colombini and Chelazzi 2003; Dugan et al. 2003; Rice 2006) and as foraging, spawning, rearing,
and migration habitats for forage fish. Long-term effects are largely the result of changes in
sediment dynamics where the substrate can coarsen, the beach slope steepen, and the structural
complexity and organic debris accumulation decline (Macdonald et al. 1994; Williams and Thom
2001; Rice 2006).

Crescent Harbor
The Crescent Harbor portion of the action area is highly influenced by the Skagit River that

enters Puget Sound at Skagit Bay. The Skagit River has created a delta and the shallow waters in
and around Skagit Bay. Sediment type in the action area is mostly sand. Sand represents 61.4 to
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65.5 percent of the sediment type in the intertidal area of Skagit Bay. Deeper areas have a
mixture of mud and sand (Stout et al. 2001).

Waters within the action area become stratified during the summer, with surface waters ranging
between 10 to 13 degrees °C in the summer and 7 to 10 degrees °C in the winter (Stout et al.
2001). Dissolved oxygen concentrations are highest in the surface waters (up to 15 mg/L) and
lowest levels tend to be at the greatest depths during the fall (3.5 to 4.0 mg/L).

There are a variety of habitats found here, including shallow subtidal bay with mud substrates;
mud flats and open mixed-coarse beaches such as Oak Harbor; areas containing open rocky
shores such as along the Polnell Point peninsula and Maylor Point; and areas in which riprap
armoring or bulkheads exist along the NAS shoreline in Crescent and Oak Harbors. Extensive
tidelands occur throughout much of the area (e.g. Oak Harbor, Penn Cove, and parts of Crescent
Harbor); however, tidelands in some areas have been modified by dredging, armoring, and the
construction of piers, docks, and boat ramps.

Salt marsh habitat is present in a number of locations within this action area, with the most
extensive tracts located in Oak and Crescent Harbors. The marshes, intertidal shallows, and
eelgrass beds provide important habitat for waterfowl, raptors, migratory birds, and a variety of
marine invertebrates and fishes, including salmonid species. Some areas provide important
spawning habitat for forage fish species such as Pacific herring, Pacific sand lance, and surf
smelt. In general, habitat quality is good in much of the Crescent Harbor action area, although
natural habitats have been modified in others (e.g. NAS shoreline within Oak and Crescent
Harbors), rendering these areas less suitable for juvenile salmonids.

Most of Crescent Harbor is surrounded by rural areas with low, human population densities and
agriculture is the predominant land use. The NAS Whidbey Island comprises the entire shoreline
of Crescent Harbor itself. NAS Whidbey Island has approximately 10.1 miles of shoreline.

Parts of the shoreline have been modified with seawalls, rock and concrete-rubble riprap, and
bulkheads. High bank bluffs provide natural habitat and sediment to Crescent Harbor beaches.

The Navy keeps non-military boats from entering the general area when a training event is
occurring. Otherwise, the training area is open to the public. Private and commercial boat traffic
activity is common in Crescent Harbor with vessels transiting the area to and from several
directions.

Military EOD diving operations are the primary diving activity that takes place in Crescent
Harbor. EOD conducts diving operations for a number of purposes, including proficiency
training with the diving systems, location of underwater objects, maintaining personnel
qualifications, and practicing emergency procedures, in addition to the underwater detonation
activities.
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Floral Point

There are two shallow transverse sills, one north and one south of Floral Point. The narrow
nearshore areas are gently sloping until the slope break, where the slope increases significantly to
form the steep walls of the main channel. Most of the marine habitat near Floral Point remains
in a natural state with the exception of the pier facilities where the submarines are serviced.
However, there has been some shoreline armoring and some entrainment of forage fish during
drydock operations. The habitat quality within the Floral Point area is good, with no alterations
to the benthic ecosystem and significant amounts of eelgrass.

Forage Fish in Puget Sound

Forage fish play a key role in the overall food web of the marine environment. They make up a
significant proportion of the diets of murrelets and are an important food item for anadromous
bull trout. The most common forage fish species within Puget Sound include Pacific herring,
surf smelt, and Pacific sand lance. These small, schooling fishes form a critical link between the
marine zooplankton community and larger predatory fish, seabirds, and marine mammals in the
marine food web (Penttila 2007; PSAT 2007). They feed mainly on zooplankton and
phytoplankton and reside in the upper levels of the water column and nearshore areas (PSAT
2007). Forage fish species occupy every marine/estuary nearshore habitat in Puget Sound
(Penttila 2007). Figure 3 shows the distribution of forage fish spawning and/or holding areas
within a portion of the action area, including Crescent Harbor and Floral Point. The vitality of
the aggregate forage fish resource is also a valuable indicator of the health and productivity of
Puget Sound.
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Figure 3. Forage fish distributions within the action area of Puget Sound. Map created by
USFWS, 2010.

Within Puget Sound, each species appears to use approximately ten percent of the shoreline as
spawning habitat. Some species tend to use the same beaches annually. All three species use
near-shore habitats as nursery grounds (Penttila 2007). Populations of surf smelt and sand lance
have not been monitored throughout Puget Sound, and therefore we do not have annual
abundance estimates or trends over time (Penttila 2007). Monitoring for herring provides a sense
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of abundance, trends over time and stock status. An important characteristic that forage fish
populations have in common is a tendency for rapid change. Forage fish populations vary
considerably, primarily due to environmental conditions (Bargmann 1998).

Recognition and protection of spawning sites is critical to maintaining healthy forage fish
populations. Once designated, forage fish spawning beaches are protected by the Washington
Administrative Code (WAC) “Hydraulic Code Rules” (WAC 220-110) through Washington
State Department of Fish and Wildlife’s (WDFW) hydraulic permit application process.
However, the single-family residence bulkhead law (RCW 77.55.200) makes it extremely
difficult for WDFW to completely deny an application for a bulkhead even with the proven
existence of forage fish spawning on the beach directly impacted (Carman and Small 2005).
Additionally, current regulations do not protect important shoreline processes by allowing
continued armoring of sediment sources and allowing six feet of bulkhead encroachment in
designated and non-designated intertidal baitfish spawning habitat (Carman and Small 2005).
Further, impacts to water quality from shoreline development, marinas and moorages are other
factors that have affected beach-spawning forage fish. Civic storm water outfalls, single-family
storm water outfalls, and runoff from cleared neighborhood shorelines laden with pesticides,
septic effluent and other pollutants likely affect spawning success by altering beach salinities,
temperatures, and nutrient and pollutant load. Increased algal blooms associated with increased
nutrient loads can also negatively impact forage fish spawning success (Shaffer 2001).

Forage Fish at the Crescent Harbor Site

Forage fish occurring in the Crescent Harbor action area include surf smelt, Pacific herring,
Pacific sand lance, and anchovy. Surf smelt, Pacific herring, and Pacific sand lance spawn in
multiple locations. It is unknown whether anchovy spawn within or near the Harbor.

Pacific herring: The nearest Pacific herring stocks are the Skagit Bay and Holmes Harbor stocks
(Figures 4 and 5). The Skagit Bay herring stock is currently one of the larger stocks in Puget
Sound. Documented spawn deposition in recent years has primarily been in and near Similk
Bay, which is outside of the action area. A prespawn holding area is located in a passage just
outside of Crescent Harbor (see Figure 4, Stick and Lindquist 2009). The entire prespawn
holding area is in the Crescent Harbor area of effect. Acoustic/trawl surveys have observed large
pre-spawner and juvenile herring concentrations in the north end of Saratoga Passage (just
outside of Crescent Harbor). Spawning occurs from February to mid-April, and spawning
biomass is used to estimate overall abundance. From 2000 to 2008, the mean spawning biomass
was 1,759 tons based upon acoustic/trawl surveys. The 2008 stock summary indicates recent
status is healthy, and data quality is fair (Stick and Lindquist 2009).
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Holmes Harbor — The spawning grounds for the Holmes Harbor herring stock are entirely within
the Crescent Harbor area of effect (Figure 5, Stick and Lindquist 2009). Prespawn holding
occurs from the mouth to the middle of Holmes Harbor. Documented spawning timing for the
Holmes Harbor herring stock is later than most Puget Sound stocks, with most activity from
early March to early April throughout the harbor. Mean spawning biomass for 2000 to 2008 was
496 tons (Table 3), based upon spawn deposition surveys. The 2008 stock summary indicates
recent status is healthy, and data quality is fair (Stick and Lindquist 2009). The close proximity
of prespawn holding areas and spawning grounds and similar spawn timing for the Holmes
Harbor stock make it likely that intermixing with the Skagit Bay stock occurs, although spawn
timing is typically earlier for the Skagit Bay stock (Stick and Lindquist 2009).
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Figure 5. Spawning and prespawn holding areas for the Holmes Harbor herring stock (Stick and
Lindquist 2009).

Surf smelt: Surf smelt spawn along the west shores of Oak Harbor and in Penn Cove (Figure 6).
Spawning along the south shore of Penn Cove extends into the west shore of Saratoga Passage.

Spawning also occurs on the west shoreline of Holmes Harbor and along the west and north
shores of Camano Island.

Pacific sand lance: Pacific sand lance spawn in the same general locations as surf smelt, but the
spawning grounds are much smaller (Figure 7). Pacific sand lance spawn in a larger area on both
the east and west side of Holmes Harbor. A small spawning area is located in Crescent Harbor.
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Forage Fish at the Floral Point Site

There are two herring stocks near the Floral Point site: Port Gamble (Figure 8) and Quilcene
Bay (Figure 9). For both stocks, spawning occurs between mid-January and mid-April. Some
months before the onset of spawning activity, fish begin to assemble adjacent to spawning sites
in pre-spawning holding areas (Penttila 2007). Eggs incubate for 10-14 days before hatching.
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Following hatching, the larvae drift in ocean currents (Bargmann 1998). Larval, juvenile, and
adult herring may be present.

Figure 8. Port Gamble herring stock near the Floral Point site.
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Figure 9. Quilcene Bay herring stock near the Floral Point site.

The Quilcene Bay herring stock (Figure 9) is currently one of the largest in Puget Sound.
Abundance has been fairly stable since a low point in the 1990s, with a mean annual spawning
biomass of over 2,100 metric tons in since 1999 (Stick and Lindquist 2009; p. 27-30).
Documented spawning grounds have expanded significantly since 1998. According to Stick and
Lindquist (2009; p. 27-30), the observed inverse relationship with the Port Gamble stock may
indicate that these two stocks are linked, and may stray between spawning grounds. They further
suggest that the Quilcene stock may be migratory, and move to summer feeding grounds
offshore.

The estimated average herring stock biomass for 2001 through 2008 is approximately 1,971
metric metric tons for the Quilcene stock and 1,024 metric metric tons for the Port Gamble stock
(Figure 10) (Stick and Lindquist 2009; p. 27-30).

The Port Gamble herring stock (Figure 8) has been considered one of the larger stocks in Puget

Sound. The 25-year mean spawning biomass is over 1,800 metric tons for this stock, but the 5-

year mean is only 887 metric tons. It is now considered depressed, with a declining population

trend (Stick and Lindquist 2009; p. 27-30). In 2008, the total spawning biomass was reported at
only 208 metric tons.
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Figure 10. Port Gamble and Quilcene herring spawning biomass trend for 2001 — 2008.
Created by USFWS from data provided by K. Stick (Stick, pers. comm. 2009b)

Surf Smelt

Sampling has confirmed that surf smelt spawn on the east and west side of Hood Canal (Long et
al. 2005). A majority of shoreline in the Floral Point area of effect is used heavily by surf smelt
for spawning (Figure 11). Surf smelt are believed to spawn throughout the year in the Bangor
EOD, with the heaviest spawn occurring from mid-October through December.

We would expect more fish to congregate in the Action Area during the peak spawning time,
with adult, juvenile, and larval surf smelt likely present in the Bangor EOD year round.

Pacific Sand Lance

Pacific Sand lance are a critical link in marine food webs in the Puget Sound Basin. Spawning
habitat has been identified along most of the upper intertidal sand-gravel beaches in the Floral
Point area of effect (Penttila 1999; Figure 11). Excellent documented spawning substrate and
nearly pristine backshore (Long et al. 2005) in the vicinity justifies conservation efforts to
preserve spawning habitat. Adult, juvenile, and larval Pacific sand lance are expected to be
present in the Action Area throughout the year.
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al. 2005).
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Threats and Stressors

Anthropogenic transformation of the Puget Sound nearshore environment since Euro-American
settlement in the mid-19" century included diking and draining for conversion of estuarine
ecosystems to manufactured shorelines for ports and urban areas, and other land uses including
agriculture (Collins and Sheikh 2005). Conversion of the shorelines occurred early and was
extensive and considerable amounts of tidal marsh were converted to agriculture (Collins and
Sheikh 2005). The loss of natural forest cover, native soil structure, wetlands, and riparian
vegetation all contribute to the disruption of the natural landscape. Blackberry and scotch
broom, introduced about 150 years ago, have contributed to decreased native vegetation,
increased fire risk, and loss of native faunal habitats. Shoreline development has resulted in the
loss or degradation of physical habitat. Point and nonpoint-source pollution has degraded water
quality in Puget Sound.

Significant alterations in the biological communities of Puget Sound have occurred in the past 30
years, including declines in forage fish, salmonids, bottomfish, marine birds, and orcas (Orcinus
orca). Aquatic and terrestrial organisms are drawn to the Puget Sound estuary because of its
high primary and secondary productivity, rich nutrients and food resources, and refuge provided
by their relatively low-energy, shallow waters. The alterations in ecological structure of Puget
Sound has resulted in restriction and closure of fisheries, petitions for listing species under the
ESA and State programs and development of recovery and management plans for several
species. Research and monitoring programs have been underway to evaluate the declines,
identify the stressors affecting the populations, and develop actions and solutions to stem the
declines and begin rebuilding populations of species at risk.

Many stressors are affecting or affected biota in Puget Sound in multiple ways that we are only
beginning to understand. These stressors of concern include, but are not limited to, climate
change, toxic contamination, eutrophication (low oxygen due to excess nutrients), nearshore
habitat alteration, vessel traffic, and underwater sound. A recent study (Brown and Gaydos
2007) identified 46 marine species of concern in the Puget Sound, including 3 invertebrates, 22
fishes, 1 reptile, 11 birds, and 9 mammals. In status reviews conducted for the 14 species listed
as threatened or endangered by Washington State or the Federal government, contaminants,
habitat loss, and over-harvest were the most frequent causes cited for species declines.

The Puget Sound Action Team recently completed the “2007 Puget Sound Update” (PSAT
2007), a comprehensive report of the conditions of Puget Sound based on the Puget Sound
Assessment and Monitoring Program. Additionally, the Puget Sound Partnership developed the
“Puget Sound Action Agenda — Protecting and Restoring the Puget Sound Ecosystem by 2020”
(PSAA 2008). These reports include research findings from a variety of additional monitoring
and research efforts conducted by local governments, research institutions, Tribes, State and
Federal agencies, and citizen monitoring groups. Much of the information presented here is
referenced from these documents.

35



Key findings included in the recent PSAT (2007) report include the following:

e During the 20t century, the average air temperature in Puget Sound increased by 2.3° F,
which is more than double the global average air temperature increase of 1.1° F.

e Fifty-two non-native species have been documented in Puget Sound; a large number of
these were probably introduced via ship ballast. The European green crab, Chinese
mitten crab, and zebra mussel are non-native species that could arrive at anytime and
threaten Puget Sound's biological resources.

e Approximately 1 percent of Puget Sound sediments are highly degraded, 31 percent are
of intermediate quality, and 68 percent are of high quality. The degraded sediments (as
measured by toxicity, chemistry, and benthic infauna) are mainly associated with urban
embayments that are often located near river deltas and other highly productive nearshore
habitat of importance to Puget Sound species. Flame retardants [polybrominated
diphenyl ethers (PBDESs)] occurred in 17 percent of sediment sites sampled in Hood
Canal in 2004 and were detected in 16 percent of samples from 10 Puget Soundwide
sediment sampling sites in 2005. The levels of polycyclic aromatic hydrocarbons, such
as creosote, have not changed significantly in Puget Sound sediments over the past
decade, except in Bellingham Bay, Port Gardner, and Anderson Island, where levels have
increased. Point Pully (in central Puget Sound) had a significant decrease in polycyclic
aromatic hydrocarbons during this same period.

e PBDEs are now second to polychlorinated biphenyls (PCBs) in order of importance in
the Puget Sound food web. PBDEs levels in English sole from urban areas are almost 10
times higher than those levels measured in sole from the Georgia Basin. Pacific herring
from Puget Sound have nearly three times the levels of PBDEs found in Georgia Basin
herring. Harbor seals from Puget Sound have over twice the PBDEs found in seals near
Vancouver, British Columbia. Scientists estimate that PBDE levels are doubling every
four years in marine mammals, including harbor seals and orcas, and will surpass PCB
levels in these species by 2020.

Anthropogenic Sound

Anthropogenic underwater sound is known to have negative physiological and neurological
effects on a wide variety of vertebrate species including fishes and birds (Cudahy and Ellison
2002; Fothergill et al. 2001; Steevens et al. 1999; U.S. Department of Defense 2002; Yelverton
and Richmond 1981, p. 6; Yelverton et al. 1973, p. 9). It is expected that the marine animals that
occur in the action area, including bull trout, murrelets, and their prey, have been and continue to
be exposed to several sources of natural and anthropogenic sounds. Anthropogenic sounds in the
Crescent Harbor and Floral Point portions of the action area, specifically, are likely the result of
the following general types of activities: vessel traffic, U.S. Navy activities, pile driving,
transportation, dredging, construction, and geophysical (seismic) surveys.

These activities can generate elevated underwater sound pressure levels (SPLs) and sound energy
levels (SELs). High underwater SPLs can have adverse physiological and neurological effects
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on a wide variety of vertebrate species (Yelverton et al. 1973; Yelverton and Richmond 1981;
Steevens et al. 1999; Fothergill et al. 2001; Cudahy and Ellison 2002; U.S. Department of
Defense 2002; Popper 2003). High underwater SPLs are known to injure and/or kill individuals
by causing barotraumas (pathologies associated with high sound levels including hemorrhage
and rupture of internal organs), as well as causing temporary stunning and alterations in behavior
(Turnpenny and Nedwell 1994; Turnpenny et al. 1994; Popper 2003; Hastings and Popper 2005).

Climate Change

There is now widespread consensus within the scientific community that atmospheric
temperatures on earth are increasing (warming) and that this will continue for at least the next
several decades (Intergovernmental Panel on Climate Change (IPCC) 2001, 2007; Oreskes
2004). There is also consensus within the scientific community that this warming trend will alter
current weather patterns and patterns associated with climatic phenomena, including the timing
and intensity of extreme events such as heat waves, floods, storms, and wet-dry cycles. Threats
posed by the direct and indirect effects of global climatic change are or will be common to all of
the species we discuss in this Opinion.

The IPCC estimated that average global land and sea surface temperature has increased by 0.6°C
(£0.2) since the mid-1800s, with most of the change occurring since 1976. Scientists believe
these changes are probably due primarily to the accumulation of greenhouse gases in the
atmosphere from human activities and that this temperature increase is greater than what would
be expected given the range of natural climatic variability recorded over the past 1,000 years
(Crowley 2000). The IPCC reviewed computer simulations of the effect of greenhouse gas
emissions on observed climate variations that have been recorded in the past and evaluated the
influence of natural phenomena such as solar and volcanic activity. Based on their review, the
IPCC concluded that natural phenomena are insufficient to explain the increasing trend in land
and sea surface temperature, and that most of the warming observed over the last 50 years is
likely to be attributable to human activities (IPCC 2001).

The IPPC reports that the average near-surface temperature of the Earth increased by about 1°F
between 1861 and 1990, and climatic models estimate that global temperatures would increase
between 1.4 to 5.8°C from 1990 to 2100 if humans do nothing to reduce greenhouse gas
emissions (IPCC 2001; Houghton et al. 2001). According to model predictions for the Pacific
Northwest, average temperatures are likely to increase between 1.7 °C and 2.9 °C (3.1 °F and 5.3
°F) by 2040 (Casola et al. 2005).

Climate change is projected to have substantial direct and indirect effects on individuals,
populations, species, and the structure and function of marine, coastal, and terrestrial ecosystems
in the foreseeable future (Houghton et al. 2001, McCarthy et al. 2001, Parry et al. 2007). The
direct effects of climate change would result in increases in atmospheric temperatures, changes
in sea surface temperatures, changes in patterns of precipitation, and changes in sea level.
Oceanographic models project a weakening of the thermohaline circulation resulting in a
reduction of heat transport into high latitudes of Europe, an increase in the mass of the Antarctic
ice sheet, and a decrease in the Greenland ice sheet, although the magnitude of these changes
remain unknown.
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These projections identify a suite of changes in global climate conditions that are relevant to the
future status and trend of endangered and threatened species. As oceans warm, marine
organisms that are sensitive to temperature must either alter their geographic distribution or face
extinction. Already, changing ocean conditions in the North Pacific have altered ecosystem
productivity and have been associated with poor ocean survival of young salmon and
modifications in the composition of nearshore fish populations (NRC 1996). Salmon stocks are
declining not just from overfishing but because lower oxygen levels resulting from increased
water temperatures boost susceptibility to disease and disrupt breeding (IUCN 2009; Crozier et
al. 2007). The indirect effects of climate change would result from changes in the distribution of
temperatures suitable for the distribution and abundance of prey, and the distribution and
abundance of competitors or predators.

STATUS OF THE SPECIES: BULL TROUT

Refer to Appendix B for the bull trout Status of the Species.

Status of Bull Trout in the Action Area

The Action Area includes the marine portion of the Coastal-Puget Sound Interim Recovery Unit
(IRU). The only portion of the action area in which bull trout are likely to be exposed to or
affected by the action is Crescent Harbor. We refer the reader to the FWS’s 2009 EOD Opinion
(USFWS 2009b; p.45-77) for a detailed discussion of the physical and biological features of this
portion of the action area. We focus the following discussion on bull trout status in Crescent
Harbor.

Presence and Use in Crescent Harbor

According to WDFW biologists, bull trout have been consistently recorded in the Crescent
Harbor portion of the action area for over 20 years (Pete Castle, Washington Department of Fish
and Wildlife, pers. comm. 2003; Curt Kraemer, Washington Department of Fish and Wildlife,
pers. comm. 2003). Twenty bull trout were caught using beach seines in Penn Cove and
Utsalady Bay from June 1974 to July 1975 (Goetz et al. 2004). Only three were measured,;
lengths were 457 mm (18 in.), 483 mm (19 in.), and 508 mm (20 in.). Seining was conducted on
16 different dates, and bull trout were caught on 9 of these days. The maximum number of bull
trout caught in one day was three.

Two bull trout were captured during intertidal beach seining activities at the outlet of the tidegate
located in Crescent Harbor (Beamer, in litt. 2003). These bull trout were 505 mm (19.8 in) and
610 mm (24.0 in.) in length, caught on May 10, 2002. In a similar study at the same location,
two bull trout were caught during beach seining around the same time. One bull trout was
sampled on April 2, 2002, but no length measurement was taken, and a second bull trout
measuring 450 mm (17.7 in) was caught on April 29, 2002 (Heatwole, in litt. 2003). These
samples confirm that bull trout are utilizing the habitats available in the Crescent Harbor action
area.
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Given the proximity of the Skagit River and the size of the bull trout population in the Lower
Skagit Core area, we expect that the majority of bull trout in the action area would be from the
Lower Skagit Core area. The Stillaguamish and the Snohomish Rivers are farther from the
action area and those bull trout populations are smaller, the migratory behavior of these fish
indicate they could use the Crescent Harbor action area occasionally. Although data are limited,
to date the farthest documented southern movement observed for bull trout from the Nooksack
core area is Swinomish Channel, to the north of Crescent Harbor (Goetz et al. 2007). Thus, we
do not expect those fish to occur in the action area during the course of this action.

The status of the Lower Skagit, Snohomish/Skykomish and Stillaguamish core populations and
the threats affecting each population are addressed below.

Status of the Lower Skagit Core Population

The Lower Skagit core area comprises the Skagit basin downstream of Seattle City Light’s
Diablo Dam, including the mainstem Skagit River and the Cascade, Sauk, Suiattle, White Chuck,
and Baker River including the lake systems (Baker Lake and Lake Shannon) upstream of upper
and lower Baker Dams.

Bull trout, which occur throughout the Lower Skagit core area, include fluvial, adfluvial,
resident, and anadromous life history forms. Resident life history forms, found in several
locations in the core area, often occur with migratory life history forms. Adfluvial bull trout
occur in Baker, Shannon, and Gorge Lakes. Fluvial bull trout forage and overwinter in the larger
pools of the upper portion of the mainstem Skagit River and, to a lesser degree, in the Sauk River
(WDFW et al. 1997; Kraemer 2003).

Many bull trout extensively use the lower estuary and nearshore marine areas for extended
rearing and subadult and adult foraging. Key spawning and early rearing habitat, found in the
upper portion of much of the basin, is generally on federally protected lands, including North
Cascades National Park, North Cascades Recreation Area, Glacier Peak Wilderness, and Henry
M. Jackson Wilderness Area.

The status of the bull trout core area population is based on four key elements necessary for
long-term viability: 1) number and distribution of local populations, 2) adult abundance, 3)
productivity, and 4) connectivity (USFWS 2004).

Number and Distribution of Local Populations

Nineteen local populations were identified in the draft recovery plan (USFWS 2004): 1) Bacon
Creek, 2) Baker Lake, 3) Buck Creek, 4) Cascade River, 5) Downey Creek, 6) Forks of Sauk
River, 7) Goodell Creek, 8) Illabot Creek, 9) Lime Creek, 10) Lower White Chuck River, 11)
Milk Creek, 12) Newhalem Creek, 13) South Fork Cascade River, 14) Straight Creek, 15)
Sulphur Creek, 16) Tenas Creek, 17) Upper South Fork Sauk River, 18) Upper Suiattle River,
and 19) Upper White Chuck River. Although initially identified as potential local populations in
the draft recovery plan (USFWS 2004), Stetattle Creek and Sulphur Creek (Lake Shannon), each
now meets the definition of local population based on subsequent observations of juvenile bull
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trout and prespawn migratory adult bull trout (Shannon, in litt. 2004; R2 Resource Consultants
and Puget Sound Energy 2005). With 21 local populations, the bull trout in the Lower Skagit
core area is at diminished risk of extirpation and adverse effects from random naturally-
occurring events (see "Life History™).

Adult Abundance

The Lower Skagit core area, with a spawning population of migratory bull trout that numbers in
the thousands, is probably the largest population in Washington (Kraemer 2001). Consequently,
the bull trout population in this core area is not considered at risk from genetic drift.

The majority of local populations in the core area include 100 adults or more; therefore, they are
at a diminished risk of extirpation. However, some local populations probably have fewer than
100 adults and may be at risk from inbreeding depression. There is some risk of extirpation of
the following local populations due to their lower numbers of adults; however, other factors,
such as stable or increasing population trends may reduce this risk.

Fewer than 100 migratory adults and a limited number of resident fish use the Forks of the Sauk
River; however, the migratory component appears abundant and is increasing (Kraemer 2003).
Fewer than 100 adults probably occur in Tenas Creek, but this local population is presumed to be
increasing. The Straight Creek local population includes fewer than 100 migratory adults and an
unknown number of resident fish (Kraemer 2001), but the migratory component appears stable.
The Lime Creek local population probably has fewer than 100 migratory adults, but resident and
migratory components are considered abundant. The South Fork Cascade River local population
probably has fewer than 100 migratory adults (Kraemer 2001); however, resident and migratory
components are considered stable. Based on recent observations, the Sulphur Creek local
population in the Lake Shannon system also has fewer than 100 adults (R2 Resource Consultants
and Puget Sound Energy 2006a).

Prior to 2004, Goodell Creek supported more than 100 adult spawners. In October 2003, a large
landslide in Goodell Creek blocked access to the majority of spawning habitat for migratory bull
trout in the Goodell Creek local population. Adult counts of migratory bull trout in 2004 and
2005 have been fewer than 100 individuals (Downen 2006 in litt.) in this local population.

In the Baker Lake local population, annual peak counts of 85 adults have been recorded between
2001 and 2005 (R2 Resource Consultants and Puget Sound Energy 2006b). Since the most
upstream accessible habitat was not surveyed in these efforts and bull trout typically spawn as far
upstream as they can within a stream system, this would suggest that on average there may be at
least 100 adults in this local population. Total adult abundances in Newhalem and Stettatle
Creek local populations are unknown.

Productivity

Long-term redd counts in the index areas of the Lower Skagit core area generally indicate stable
to increasing population trends (USFWS 2004). Therefore, this core area is not considered at
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risk of extirpation at this time. Recent declines in redd counts may indicate a potential change to
this long-term trend (Downen 2006 in litt.).

Connectivity

The presence of migratory bull trout in most of the local populations indicates the bull trout in
the Lower Skagit core area has a diminished risk of extirpation from habitat isolation and
fragmentation. However, the lack of connectivity of the Baker Lake and Sulphur Creek local
populations in the Baker River system and Stetattle Creek local population in the Gorge Lake
system with other local populations in the core area is a concern with respect to long-term
persistence, life history expression, and refounding. In addition, there is currently only partial
connectivity within the Baker Lake system, with no upstream passage for adults within Lake
Shannon at upper Baker Dam.

Changes in Environmental Conditions and Population Status

Since the bull trout listing, Federal actions occurring in the Lower Skagit core area have caused
harm to, or harassment of, bull trout. These actions include statewide Federal restoration
programs that include riparian restoration, replacement of fish passage barriers, and fish habitat
improvement projects; federally funded transportation projects involving repair and protection of
roads and bridges; and section 10(a)(1)(B) permits for Habitat Conservation Plans (HCP)
addressing forest management practices. Capture and handling, and indirect mortality, during
implementation of section 6 and section 10(a)(1)(A) permits have negatively directly affected
bull trout in the Lower Skagit core area.

The number of non-Federal actions occurring in the Lower Skagit core area since the bull trout
listing is unknown. Activities conducted on a regular basis, such as emergency flood control,
development, and infrastructure maintenance, affect riparian and instream habitat and probably
have negatively affected bull trout and parts of their forage base.

Threats
Threats to bull trout in the Lower Skagit core area include:

e Gorge and Baker Dams restrict connectivity of the Stetattle Creek, Baker Lake, and
Sulphur Creek (Lake Shannon) local populations with the majority of other local
populations in the core area due to impaired fish passage.

e Operations of the Lower Baker Dam occasionally have significantly affected water
quantity in the lower Baker and Skagit Rivers.

e Agricultural practices, residential development, and the transportation network, with
related stream channel and bank modifications, have caused the loss and degradation of
foraging, migration, and overwintering habitats in mainstem reaches of the major forks
and in a number of the tributaries.

e Estuarine nearshore foraging habitats have been, and continue to be, negatively affected
by agricultural practices and development activities.
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Status of the Stillaguamish Core Population

The Stillaguamish core area comprises the Stillaguamish River basin, including the North Fork
and South Fork Stillaguamish Rivers and their tributaries. Major tributaries to the North Fork
Stillaguamish River include the Boulder River and Deer, Little Deer, and Higgins Creeks.
Canyon Creek, the only major tributary to the South Fork Stillaguamish River, has minor
tributaries including Millardy, Deer, Coal, Palmer, Perry, and Beaver Creeks.

Bull trout occur throughout the Stillaguamish River basin and, in the Stillaguamish core area,
primarily include anadromous and fluvial life-history forms (USFWS 2004). There are no
known populations in the North Fork Stillaguamish River above the barrier to migration at river
mile 37.5 (C. Kraemer, in litt. 1999). No resident populations have been found above any of the
natural migratory barriers on Deer or Higgins Creeks. No exclusively resident populations have
been identified in this core area, but the South Fork Stillaguamish River population has a strong
resident component coexisting with migratory forms.

The South Fork Stillaguamish River upstream of Granite Falls has supported anadromous bull
trout since the construction of a fishway in the 1950s. Previously the falls were impassable to
anadromous fish. Anecdotal information from fish surveys in the 1920s and 1930s, however,
suggest that native char likely were present above Granite Falls prior to construction of the
fishway (WDFW 1998).

Spawning habitat is generally limited in the Stillaguamish core area, and apparently, only the
upper reaches provide adequate spawning conditions. Bull trout spawn in the upper reaches of
the accessible portions of the upper North Fork Stillaguamish River and its tributaries, including
Deer and Higgins Creeks. There has been no extensive juvenile sampling or evaluation of
spawning success in the North Fork Stillaguamish River. Bull trout in the Upper Deer Creek
local population spawn in Higgins Creek, and spawning also may occur in upper Little Deer
Creek. Bull trout spawn in the Boulder River below the impassible falls at river mile 3.
Although unconfirmed, spawning and rearing probably occur in the Squire Creek system, which
is similar in size to Boulder River and also influenced by snowmelt. Boulder River may be
identified as an additional local population when more distribution information is available.

Spawning areas in the South Fork Stillaguamish River and its tributaries include Canyon Creek
and upper South Fork Stillaguamish. Bull trout are known to spawn and rear in Palmer, Perry,
and Buck Creeks and the upper South Fork mainstem above Palmer Creek. Recent spawning
surveys identified a major spawning area above the Palmer Creek confluence. Between 50 and
100 bull trout spawn in this reach. Electrofishing surveys also documented high densities of
juveniles (Mark Downen, in litt. 2003). Spawning and early rearing habitat in the South Fork
Stillaguamish River is considered to be in fair condition. Although bull trout spawn in the upper
South Fork Stillaguamish River and other tributaries, available habitat is partially limited by
gradient and competition with coho salmon. Upstream movement of bull trout from the lower
river depends on proper functioning of the fish ladder at Granite Falls. Migratory and resident
fish coexist on the spawning grounds.
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Bull trout in the Canyon Creek local population use the upper South Fork Stillaguamish River
for spawning and rearing. Although there have been isolated and incidental observations of
spawning by migratory-size bull trout, electrofishing surveys have been unable to locate any
juvenile or resident bull trout from this population. Despite repeated survey efforts, very few
bull trout have been located in this population because of the difficulty in locating individuals.

The status of the bull trout core area population is based on four key elements necessary for
long-term viability: 1) number and distribution of local populations, 2) adult abundance, 3)
productivity, and 4) connectivity (USFWS 2004).

Number and Distribution of Local Populations

Four local populations have been identified in the Stillaguamish core area: 1) Upper Deer Creek,
2) North Fork Stillaguamish River, 3) South Fork Stillaguamish, and 4) Canyon Creek. The
scarcity and spatial isolation of available spawning habitat limits the number of local populations
in the Stillaguamish core area. With only four local populations, bull trout in this core area are
considered to be at increased risk of extirpation and adverse effects from random naturally
occurring events.

Adult Abundance

The bull trout population in the Stillaguamish River basin is estimated at fewer than 1,000 adults.
In the North Fork Stillaguamish River, as many as 100 adult bull trout have been observed
holding near the mouth of the Boulder River. Surveys documented nearly 300 adult char
between river miles 21 and 25 during fall 2001; fewer than 100 adults were counted in the
remaining sample years between 1996 and 2003 (Pess 2003). Other limited snorkel surveys had
similar results (Downen, in litt. 2003). These staging adult bull trout are assumed to spawn
somewhere in the North Fork Stillaguamish River.

Adult abundance in the Upper Deer Creek and Canyon Creek local populations is considered
low. The Boulder River population probably has fewer than 100 adults. Approximately 50 to
100 adults are present in the South Fork Stillaguamish River, based on conservative estimates
from spawning and electrofishing surveys (Downen, in litt. 2003). Although accurate counts are
unavailable, current estimates of adult abundance suggest that Upper Deer Creek and Canyon
Creek local populations have fewer than 100 adults and are considered at risk of inbreeding
depression.

Connectivity

Primary foraging, migration, and overwintering areas in the Stillaguamish River basin include
the mainstems of the North Fork and South Fork Stillaguamish Rivers and the Stillaguamish
River to the estuary. Foraging sub-adults and adults may be found in nearly all reaches of the
basin below migratory barriers to the basin. Rearing individuals may use nearly all accessible
reaches in higher elevation and coldwater portions of the basin. Anadromous forms in the
Stillaguamish core area are presumed to use nearshore marine areas in Skagit Bay, Port Susan,
and Possession Sound, but may also use areas even farther from their natal basin.
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All native char habitat within the Stillaguamish River Basin generally has good connectivity.
However, because the local populations are somewhat isolated from one another, maintaining
connectivity among them will be critical to support life-history diversity, refounding, and genetic
exchange.

Changes in Environmental Conditions and Population Status

Since the bull trout listing, Federal actions occurring in the Stillaguamish core area have caused
harm to or harassment of bull trout. These actions include statewide Federal restoration
programs that include riparian restoration, restoration of fish passage at barriers, and habitat-
improvement projects. In addition, federally funded transportation projects involving repair and
protection of roads and bridges have been completed. Finally, section 10(a)(1)(B) permits have
been issued for HCPs that address bull trout in this core area.

The number of non-Federal actions occurring in the Stillaguamish core area since the bull trout
listing is unknown. However, activities conducted on a regular basis, such as emergency flood
control, development, and infrastructure maintenance, affect riparian and instream habitat and
probably negatively affect bull trout.

Threats
Threats to bull trout in the Stillaguamish core area include:

e Channel widening and a significant reduction in primary pool abundance have seriously
degraded habitat conditions in the North Fork and lower South Fork Stillaguamish
Rivers.

e Spawning habitats in Deer and Canyon Creeks have been extremely degraded.

e Past logging and logging-related activities, such as roads, have degraded habitat in the
Stillaguamish River basin. The loss of riparian cover, slope failures, stream
sedimentation, increased stream temperatures, flooding, and loss of large woody debris
have adversely affected bull trout in Deer Creek and in the South Fork Stillaguamish
River (WDFW 1997b; USFWS 2004). Deer and Higgins Creeks currently violate State
water-quality standards for temperature.

e Agricultural and residential development has contributed to poor water quality in the
lower Stillaguamish River basin. Excessive siltation caused by mud and clay slides on
the North Fork Stillaguamish River near Hazel, Washington, and on the South Fork
above Robe, contribute to poor water quality (Williams et al. 1975).

e Other limiting factors in the North Fork Stillaguamish River include loss of deep holding
pools for adults and low summer flows (USFWS 2004).

e Low flows and high temperatures during the summer affect holding habitat for
anadromous migrants in the mainstem Stillaguamish River, especially in the lower river
sloughs that have slow-moving water without significant riparian cover (WDFW 1997a).
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Status of the Snohomish/Skykomish Core Population

The Snohomish-Skykomish core area comprises the Snohomish, Skykomish, and Snoqualmie
Rivers and their tributaries. Bull trout occur throughout the Snohomish River system
downstream of barriers to anadromous fish. Bull trout are not known to occur upstream of
Snoqualmie Falls, upstream of Spada Lake on the Sultan River, in the upper forks of the Tolt
River, above Deer Falls on the North Fork Skykomish River, or above Alpine Falls on the Tye
River.

Fluvial, resident, and anadromous life history forms of bull trout occur in the Snohomish
River/Skykomish core area. A large portion of the migratory segment of this population is
anadromous. There are no lake systems within the basin that support an adfluvial population.
However, anadromous and fluvial forms occasionally forage in a number of lowland lakes
connected to the mainstem rivers.

The mainstems of the Snohomish, Skykomish, North Skykomish, and South Fork Skykomish
Rivers provide important foraging, migrating, and overwintering habitat for subadult and adult
bull trout. The amount of key spawning and early rearing habitat is more limited, in comparison
with many other core areas, because of the topography of the basin. Rearing bull trout occur
throughout most of the accessible reaches of the basin and extensively use the lower estuary,
nearshore marine areas, and Puget Sound for extended rearing.

The status of the bull trout core area population is based on four key elements necessary for
long-term viability: 1) number and distribution of local populations, 2) adult abundance, 3)
productivity, and 4) connectivity (USFWS 2004).

Number and Distribution of Local Populations

Four local populations have been identified: 1) North Fork Skykomish River (including Goblin
and West Cady Creeks), 2) Troublesome Creek (resident form only), 3) Salmon Creek, and 4)
South Fork Skykomish River. With only four local populations, bull trout in this core area are
considered at increased risk of extirpation and adverse effects from random naturally occurring
events (see "Life History").

Adult Abundance

The Snohomish-Skykomish core area probably supports between 500 and 1,000 adults.

However, this core area remains at risk of genetic drift. Most of the spawners in the core area
occur in the North Fork Skykomish local population. Redd counts within the North Fork
Skykomish local population peaked at over 530 in 2002 (USFWS 2004), but declined to just over
240 in 2005 and 2006. This is one of two local populations in the core area (the other is South
Fork Skykomish River) that support more than 100 adults, which minimizes the deleterious
effects of inbreeding.

The Troublesome Creek population is mainly a resident population with few migratory fish.
Although adult abundance is unknown in this local population, it is probably stable due to intact
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habitat conditions. The Salmon Creek local population likely has fewer than 100 adults.
Although spawning and early rearing habitat in the Salmon Creek area is in good to excellent
condition, this local population is at risk of inbreeding depression because of the low number of
adults. Monitoring of the South Fork Skykomish local population indicates increasing numbers
of adult migrants. This local population recently exceeded 100 adults and is not considered at
risk of inbreeding depression (Chad Jackson, WDFW, in litt. 2004). Fishing is allowed in this
system.

Productivity

Long-term redd counts for the North Fork Skykomish local population indicate increasing
population trends. Productivity of the Troublesome Creek and Salmon Creek local populations
is unknown but presumed stable, as the available spawning and early rearing habitats are
considered to be in good to excellent condition. In the South Fork Skykomish local population,
new spawning and rearing areas are being colonized, resulting in increasing numbers of
spawners. Sampling of the North Fork and South Fork Skykomish local population areas
indicates the overall productivity of bull trout in the Snohomish-Skykomish core area is
increasing.

Connectivity

Migratory bull trout occur in three of the four local populations in the Snohomish-Skykomish
core area (North Fork Skykomish, Salmon Creek, and South Fork Skykomish). The lack of
connectivity with the Troublesome Creek local population is a natural condition. The
connectivity between the other three local populations diminishes the risk of extirpation of the
bull trout in the core area from habitat isolation and fragmentation.

Changes in Environmental Conditions and Population Status

Since the bull trout listing, Federal actions occurring in the Snohomish-Skykomish core area
have caused harm to, or harassment of, bull trout. These actions include statewide Federal
restoration programs that include riparian restoration, replacement of fish passage barriers, and
fish habitat improvement projects; federally funded transportation projects involving repair and
protection of roads and bridges; and section 10(a)(1)(B) permits for HCPs addressing forest
management practices. Capture and handling during implementation of section 6 and section
10(a)(1)(A) permits have directly affected bull trout in the Snohomish-Skykomish core area.

The number of non-Federal actions occurring in the Snohomish-Skykomish core area since the
bull trout listing is unknown. However, activities conducted on a regular basis, such as
emergency flood control, development, and infrastructure maintenance, affect riparian and
instream habitat and probably negatively affect bull trout.
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Threats
Threats to bull trout in the Snohomish-Skykomish core area include:
e Past timber harvest and harvest-related activities, such as roads, have degraded habitat

conditions in the upper watershed.

e Agricultural and livestock practices, including blocking fish passage, altering stream
morphology, and degrading water quality in the lower watershed (foraging, migration,
and overwintering habitat), have significantly affected the floodplain and bull trout
habitat.

e lllegal harvest or incidental hooking mortality may occur at several campgrounds where
recreational fishing is allowed by the Washington Department of Fish and Wildlife.

e Water quality has been degraded by municipal and industrial effluent discharges and
development.

e Nearshore foraging habitat has been, and continues to be, affected by development
activities.

Conservation Role of the Action Area

The draft bull trout recovery plan states that maintaining viable populations is essential to the
conservation of the species within each of the core areas, the interim recovery units, and the
coterminous listing (USFWS 2004a). To ensure the long-term persistence of self-sustaining,
complex, interacting groups of bull trout throughout their range, including the action area, the
draft recovery plan outlined the following conservation objectives:

1) Maintain the current distribution of bull trout and restore distribution in previously
occupied areas;

2) Maintain stable or increasing trends in abundance of bull trout;

3) Restore and maintain suitable habitat conditions for all bull trout life history stages and
strategies; and

4) Conserve genetic diversity and provide opportunities for genetic exchange.

STATUS OF THE SPECIES: MARBLED MURRELET

Refer to Appendix A for the marbled murrelet Status of the Species.

Status of Marbled Murrelets in the Action Area

As described previously in the Status of the Species section, the murrelet was listed as a
threatened species on September 28, 1992, in Washington, Oregon, and northern California (57

FR 45328 [October 1, 1992]). The FWS recently completed a 5-year review on the status of the
murrelet (USFWS 2009) and concluded that the murrelet population trend is precipitously
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declining (2.4 to 4.3 percent annually) within the listed portion of the species’ range (USFWS
2009, p. 18). The overall abundance of birds in the coterminous U.S. has decreased 26 percent
since 2002, adding to the dramatic decline in the 1980°s and 1990’s that led to the species’ listing
(USFWS 2009, p. 19). Population factors that have led to this decline are poor reproductive
success and direct and indirect anthropogenic sources of mortality (USFWS 2009, pp. 26-50, 55-
59, 68). The FWS concluded that the reproductive success of the murrelet population is too low
to sustain the population and continued declines are expected if these factors are not addressed
(USFWS 2009, p. 68). As a result, the FWS believes increasing murrelet breeding success is one
of the highest conservation needs of the species.

Murrelet Presence and Use

We address murrelet presence and use in the context of the entire action area, and then focus our
discussion of the baseline on those portions of the action area where we anticipate measurable
effects to murrelets. Those are the Crescent Harbor and Floral Point areas of effect. The
stressors responsible for those effects are addressed in detail in the effects section that follows.

Murrelets use the marine environment in the action area for courtship, loafing, and foraging.
These life history needs are described in detail in the final Recovery Plan for the murrelet
(USFWS 1997) and the FWS’s recent 5-year review (USFWS 2009). Murrelets within the
action area are likely from Conservation Zones 1 and 2. Their presence in the Puget Sound
portion of the action area has been documented through a number of survey efforts. The most
accurate information comes from consistent sampling used to estimate population size and trends
under the Northwest Forest Plan (NWFP) Murrelet Effectiveness Monitoring Program (Raphael
et al. 2007). Other survey data were generated through the Puget Sound Ambient Monitoring
Program, conducted by the WDFW. These survey efforts are described in detail in the effects
section of this Opinion.

The best available survey information indicates that murrelets are likely to occur throughout the
year in the Crescent Harbor and Floral Point areas. The number of murrelets likely increases in
late fall/early winter and begins to decline in late winter/early spring.

Conservation Role of the Action Area

The final murrelet Recovery Plan (USFWS 1997) outlines the conservation strategy for the
species. Of the primary recovery plan recommendations, the following are most pertinent to the
needs of murrelets within the Action Area:

1) Protect the quality of the marine environment essential for murrelet recovery.

2) Reduce adult and juvenile mortality in the marine environment.
The proposed action is located within Conservation Zone 1 (Puget Sound) marine habitat. The

recovery plan has identified all waters of Puget Sound as essential for murrelet foraging and
loafing.
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Threats

As described in the status of the species (rangewide) section, murrelets were listed as threatened
in 1992 due, in large part, to habitat loss and predation in the terrestrial environment, and oil
spills and net fisheries entanglement in the marine environment. The FWS’s recent 5-year
review (USFWS 2009, p. 27-67) listed the following ‘new’ threats, all of which are applicable to
the Puget Sound portion of the action area:

1) Exposure to marine polychlorinated biphenyls in prey;
2) Changes in prey abundance, availability and quality;
3) Harmful algal blooms, biotoxins, and dead zones;

4) Derelict fishing gear that causes entanglement;

5) Energy development projects (wave, tidal, and on-shore wind energy projects) leading to
mortality;

6) Disturbance, injury, and mortality in the marine environment from exposures to elevated
sound levels caused by pile-driving and underwater detonations, and potential
disturbance from vessel traffic); and

7) Climate change in the Pacific Northwest that can exacerbate many of the marine-related
threats, as described above.

All of these threats are expected to continue into the foreseeable future. Those that cause direct
mortality or reduce individual fitness are likely to contribute to continued murrelet population
declines and may lead to the species’ extirpation in its listed range. As stated in the FWS’s 5-
year review (USFWS 2009; p. 66), there have been no additional regulations or changes to
regulations to reduce these above-mentioned threats.

Consulted-on Effects

The FWS’s 5-year review (USFWS 2009; p. 66) summarized the incidental take authorized
through section 7 consultations for murrelets in the terrestrial and marine environment between
the 2004 5-year review and approximately March of 2009.

Since the analysis for the 2004 5-year review, the Service has authorized incidental take in the
form of harm of 6 juveniles and all murrelets associated with 835 acres of activities in
Washington (Conservation Zones 1 and 2). The Service has also authorized incidental take in
the form of harassment of 80 murrelets, all murrelets associated with almost 30,000 acres, and an
unquantified number of murrelets associated with helicopter and fixed-wing flights. In other
Conservation Zones, the Service authorized incidental take in the form of harm of 276 murrelets
and the harassment of all murrelets associated with almost 9,500 acres of activities in
Conservation Zone 3; has authorized the harm of 18 murrelets and the harassment of all
murrelets associated with almost 144,000 acres of activities in Conservation Zone 4; has
authorized no incidental take in the form of harm or harassment of murrelets in Conservation
Zone 5; and authorized the harassment of an unknown low number of individuals in
Conservation Zone 6.
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Almost all of the incidental take anticipated in the terrestrial environment has been through
disturbance of murrelets (i.e., “harassment”) in nesting habitat due to disturbance associated with
project activities adjacent to nesting habitat during the nesting season. Included in the summary
above are incidental take authorizations for the Navy associated with the one year (2009)
proposal for the 2009 EOD training program at Crescent Harbor (USFWS 2009b; p. 139-144).
This action was completed in December 2009. In addition, we issued a biological opinion in
2010 for the Navy’s Keyport Range Complex Extension project (USFWS 2010; p 110-113).

Prognosis

Certain threats have been reduced since the species was listed, such as passage of the Oil
Pollution Act and implementation of the NWFP. However, we are not aware that any threats
have been removed since listing and, in some portions of the listed range, new threats (addressed
in the status of the species section) have been identified which affect the species at the local
population or listed-entity scales. Currently, we expect these threats to continue into the
foreseeable future. Those that cause direct mortality or reduce individual fitness are likely to
contribute to murrelet population declines.

The life history characteristics of the murrelet make the species’ capability to recover from
mortality or reduced fitness (i.e., population-level resilience) extremely low. The low observed
reproductive rate causes the murrelet population to be highly sensitive to mortality and fitness-
reducing stressors, particularly when they occur at a frequency that exceeds the species’ loss-
replacement rate. Despite the relatively long life span of murrelets and a reasonably high adult
survival rate, the annual replacement rate needed for long-term population maintenance and
stability is currently well below the annual rate of loss in each Conservation Zone.

Given the extremely low fecundity and current threats facing the species, it is reasonable to
predict that murrelet populations in each Conservation Zone throughout the listed range are
likely to continue to decline. The decline is expected to continue until murrelet fecundity is
significantly improved and the anthropogenic stressors affecting fitness, survivorship, and nest
success are eliminated or sufficiently reduced.

EFFECTS OF THE ACTION

This section addresses the direct and indirect effects of the proposed action. The regulations
implementing the ESA define "effects of the action” as "the direct and indirect effects of an
action on the species or critical habitat, together with the effects of other activities that are
interrelated or interdependent with that action, that will be added to the environmental baseline™
(50 CFR §402.02).

Direct effects are the immediate effects of the project on the species or its habitat. Direct effects
are those effects that result from the proposed action and include the effects of interrelated and
interdependent activities that would not occur but for the proposed action. Indirect effects are
those effects that will occur later in time and are caused by or will result from the proposed
action, but are still reasonably certain to occur.
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In this step, we identify the listed resources within each subunit and the potential stressors
produced by the proposed range exercises in order to identify potential or known co-occurrence.
All stressors identified as potentially affecting listed resources are then described in terms of its’
timing, duration, frequency, magnitude, and location along with the number, gender, age or life
stage, and the populations or subpopulations of the listed species we expect to be exposed. For
critical habitat, we identified the amount and designated conservation role of affected critical
habitat unit(s).

Exposure-Response Analytical Approach

Project-caused stressors, if of sufficient magnitude, duration, or frequency, can significantly
disrupt the normal habitat use/availability for one or more individuals or impair essential
behaviors by actually killing or injuring individuals. Here we attempt to assess whether or not
the listed species in the Action Area will be exposed to the above-mentioned stressors and
whether or not any expected exposures (of individuals) will have a likelihood of resulting in
demographic consequences at the population scale (in terms of reproduction, survival, or
distribution).

If exposure to a given stressor is extremely unlikely, we conclude the effect is discountable. If
we are unable to conclude the effect is discountable, we assume animals will be exposed to the
potential stressor(s) and we evaluate the consequence of the exposure.

The consequence of a stressor is evaluated in terms of whether or not the effect is significant to
one or more listed individuals (or designated critical habitat). We define significant effects as
any measurable or detectable effect on the listed resource and they often relate to the size of the
impact. If we determine, based upon our best judgment, that we cannot meaningfully measure,
detect, or evaluate the effect of a stressor, we conclude the effect is insignificant.

If we conclude for a given listed entity, that all stressors will have effects that are either
discountable or insignificant, we then have reached an endpoint in our analysis. Thus, the basis
for our decision to “concur” with a Federal Agency’s determination of “may affect, not likely to
adversely affect” is linked to either the effect(s) being discountable or insignificant and we
conclude the consultation for all species so affected. If we are unable to reach either of these
conclusions for any listed resource, we then would assume effects to be significant.

Throughout this section we use a number of technical terms when discussing the physical
properties of certain stressors that can result in physiological or behavioral effects in exposed
animals. This is particularly evident in the following discussions concerning blast zones from
the use of high explosive ordnance and the high sound pressure levels from aircraft, explosive
ordnance, and sonar. To assist the reader’s understanding of our discussion of the acoustic
impacts on fish and wildlife resources, we present the following list of terms and a brief
explanation of each.

Amplitude: A measurement of the total change in the pressure caused by the sound

vibrations. Sound amplitude is often expressed on a logarithmic scale in units called
decibels.
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Decibel (dB): The unit of measurement for the sound amplitude or sound energy
representing the relative loudness of a sound.

Frequency: A measurement of oscillations with units in cycles per second, or hertz (Hz).
Ultrasonic frequencies are those that are too high to be heard by humans (greater than
20,000 Hz); and infrasonic sounds are too low to be heard (less than 20 Hz).

Impulse: A quantity (Pa sec) derived by multiplying the peak of a shock wave by the
amount of time it takes for the shock wave to attenuate to (1/e) x (peak).

Reference Pressure: The reference scale for underwater sound is 1 micro-pascal (pPa)
and is expressed as “dB re: 1 uPa.” The reference pressure for in-air sound is 20 uPa,
which is based on a human hearing threshold. The difference in the two values is due to
the difference in the density of water and air.

Sound: A term describing physical effect of vibrations in air, water, etc, that stimulate
the auditory nerves and produce the sensation of hearing. The perception of a sound
depends on the amplitude and frequency, both of which can be measured.

Sound Exposure Levels (SEL): The time-integrated, sound-pressure-squared level. SEL
is the level of sound accumulated, both positive and negative pressure, during a given
event.

Sound Pressure Levels (SPL): The sound pressure that is expressed in dB. In this
document, underwater sound pressure levels are referred to in units of dB re: 1 pPa and
are denoted as dB.

Peak pressure (peak) - the highest level or amplitude or greatest absolute sound pressure
level during the time of observation. Sound pressure levels expressed as peak may be
used when discussing injury or mortality to aquatic species.

Root mean square (rms) — the root mean square of a periodic waveform. It is computed
by calculating the mean of the square value over a single period of the waveform and
then taking the square root. Sound pressure levels expressed as rms are commonly used
in discussing behavioral effects. Behavioral effects often result from auditory cues and
may be better expressed through averaged units than by peak pressures.

Transmission loss (TL): The loss of sound energy as sound passes through a medium
such as water. Several factors may affect TL such as the spreading of the sound over a
wider area (spreading loss), losses to friction (absorption), scattering and reflections from
objects in the sound’s path, and destructive interference with one or more reflections of
the sound off of surfaces (in the case of underwater sound, these surfaces are the substrate
and air-water interface).
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Delisted Species

The brown pelican (Pelecanus occidentalis), including the subspecies found within the action
area (Pelecanus occidentalis californicus), was removed from the Federal list of threatened and
endangered wildlife on December 19, 2009 (74 FR 59443). As such, the Navy is no longer
obligated to consult with the FWS for a “may affect” determination for this species. We will not
address this species further in this Opinion.

Federally Listed Resources
Ocean Subunit

Training exercises will be conducted in the Pacific Ocean at any time of year and involve
aircraft, surface vessels, subsurface vessels, surface and sub-surface high explosive ordnance,
surface and sub-surface non-explosive ordnance, and mid-frequency and high-frequency active
sonar. Training exercises will also produce a variety of expended materials (ordnance,
parachutes, etc.) which will eventually sink and become encrusted on the ocean floor.

Based upon the proposed timing, location, and nature of the Ocean-based training, the only
federally listed resource that may co-occur with the training is the short-tailed albatross.

Sea Otters

The southwest Alaska population of northern sea otters (Enhydra lutris kenyoni) and the
California population of southern sea otters (Enhydra lutris nereis) are both listed as threatened
under the ESA, but neither population occurs within the action area and, thus, neither will be
affected by the proposed action. A reintroduced population of northern sea otters occurs within
the action area, but this population is not listed under the ESA. As such, there is no requirement
for ESA consultation with the FWS on the Navy’s determination of “may affect”.

Short-tailed albatross

All six stressors occur in this subunit and thus may affect this species. We considered the
likelihood of exposure to the following stressors:
¢ the acoustic impacts in both the air and water from explosive ordnance;

o the physical impacts of explosive ordnance within the blast zones (blast pressure waves);
the likelihood of Navy vessels, aircraft, or ordnance physically striking albatross;

o the anthropogenic presence of vessels and aircraft affecting normal or essential behaviors
of albatross;

o the likelihood of entanglement from expended parachutes; and

o the likelihood of albatross contamination due to ingested plastics and physical contact
with petroleum products.
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The short-tailed albatross is federally listed as endangered throughout its range (65 FR 46643).
The world population is estimated to be about 1,200 birds and is increasing slowly. Only a small
portion of the existing population is likely to occur within the action area at any given time. As
the species is slow to mature, juveniles and subadults may wander throughout the species’ range
until reaching sexual maturity, for up to several years. Therefore, juveniles are most likely to
occur in the action area sporadically. Adults may also wander into the action area outside the
breeding season, or during years when they do not nest. The actual distribution of albatross
within this overlap area is unknown. However, given the proposed timing, location, and
frequency of training in this subunit, the requirement to observe and relocate detonations if
diving birds are observed, and the small number of birds that are likely to occur in the subunit at
any given time, it is extremely unlikely that individual albatross will co-occur with stressors
generated by these exercises such that adverse effects would occur. Therefore, we conclude that
albatross are not likely to be adversely affected by the proposed action.

Coastal/Puget Sound (CPS) Subunit

The Coastal/Puget Sound Subunit encompasses the Naval installations in Puget Sound
(approximately the northern two-thirds of Puget Sound), the transit corridors in the Straight of
Juan de Fuca, and the coastal zones (out tol2 nm/22.2 km) of Washington, Oregon, and northern
California. Training exercises and preparation for training activities in the Subunit may be
conducted at any time of year and are expected to involve the use of aircraft, surface vessels,
subsurface vessels, sub-surface high explosive ordnance, and surface and sub-surface non-
explosive ordnance. The effects from the Navy’s proposed construction of the PUTR and the
underwater mine avoidance training field will also be considered.

As a result, all six stressors occur are expected to occur in this subunit (Table 3) and thus may
affect any of the following federally listed resources:

-Marbled murrelet -Bull trout
-Western snowy plover -Bull trout critical habitat

Although the risk levels are different for each species, we considered the likelihood of exposure
and the expected response of individuals to the following stressors:
e acoustic stressors in both the air and water from explosive ordnance;

o the physical impacts of explosive ordnance within the blast zones (blast pressure waves);
the likelihood of Navy vessels, aircraft, or ordnance physically striking individuals;

e the anthropogenic presence of vessels and aircraft affecting normal or essential behaviors
of individuals; and

e the likelihood of contamination due to ingested plastics and physical contact with
petroleum products.
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Our analysis, as follows, indicates that the proposed action is not likely to adversely affect
western snowy plovers and designated bull trout critical habitat. Adverse effects are anticipated
to murrelets and bull trout, as described and evaluated in subsequent sections.

Western Snowy Plover

The Pacific coast population of the western snowy plover (Charadrius alexandrinus nivosus)
(snowy plover) is federally listed as threatened. The current Pacific coast breeding population
extends from Damon Point, Washington, south to Baja, Mexico. The snowy plover winters
mainly in coastal areas from southern Washington to Central America. Snowy plovers inhabit
beaches, lagoons, and salt-evaporation ponds along the western U.S. coast, preferring wide, flat,
sparsely vegetated beach strands. The maximum estimated population in 2006 was 70 birds in
Washington and approximately 178 adult birds in Oregon. The vast majority of the western
snowy plovers occur in California, where the population has fluctuated between 1,000 and 2,000
breeding adults over the past 30 years (USFWS 2007, p.9). The population in Washington has
been declining by approximately eight percent per year over the past four years but has remained
relatively stable in Oregon and California. Snowy plovers may move great distances and banded
individuals from California and Oregon are frequently observed along the Washington coast.
None of the stressors associated with the proposed action overlap with habitats used by the
snowy plover in Washington, Oregon, or California. Given the extremely low likelihood of
species exposure to stressors associated with the proposed action, we conclude that snowy
plovers are not likely to be adversely affected.

Bull Trout Critical Habitat

Bull trout critical habitat has been designated within all three subunits, but exposure to action
stressors is only anticipated in the nearshore waters of the Coastal/Puget Sound subunit. In this
action area, bull trout critical habitat has been designated in the marine nearshore areas of the
Pacific Ocean, Strait of Juan de Fuca, and Hood Canal (Critical Habitat Unit 1) and Puget Sound
(Critical Habitat Unit 2). Critical habitat in freshwater systems will not be affected by the
proposed action.

The Primary Constituent Elements (PCEs) identified for bull trout in marine nearshore waters
include PCE (1) - water temperatures that support bull trout use; PCE (6) - migratory corridors
with minimal physical, biological, or water quality impediments; and PCE (7) - an abundant food
base including terrestrial organisms of riparian origin, aquatic macroinvertebrates, and forage
fish. Given the distance of activities occurring in the Pacific Ocean subunit (at least 3 miles from
shore), it is extremely unlikely that any PCEs within bull trout critical habitat along the outer
coast and Strait of Juan de Fuca will be exposed to action-generated stressors or, if exposed,
would be measurably affected.

Within Hood Canal (i.e., Floral Point) and Puget Sound (i.e., Crescent Harbor) action areas, we

do not anticipate that PCEs (1) or (6) will be affected by the action due to the distance and
magnitude of stressors. The only PCE that may be affected by the action is PCE (7) or, more
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specifically, forage fish. Effects to this PCE may result from detonations occurring on and under
the surface of the water.

The FWS generally evaluates effects to PCEs by asking whether a proposed Federal action
would cause a PCE condition to be degraded in relation to the biological requirements of bull
trout. For example, if an action’s effect on a PCE would measurably impact the ability of a bull
trout to forage, reproduce, orient, and/or shelter, then that PCE is likely to be adversely affected.
The spatial scale of analysis depends upon the biological requirements of individual bull trout
with respect to a given PCE.

As presented in the following section titled “Bull Trout Forage Fish Impacts”, our analysis
indicates that detonations are likely to result in mortality of fish species such as herring, sand
lance, and surf smelt. However, we have no evidence to indicate that forage fish are limiting for
bull trout in the marine environment, or that the detonations will have a significant effect on the
availability of forage fish for bull trout. Therefore, we assume that any reduction in forage fish
will have an insignificant effect on PCE (7), and conclude that bull trout critical habitat is not
likely to be adversely affected by the proposed action.

Terrestrial Subunit

The western boundary of the terrestrial subunit begins immediately north of Seattle, WA and
extends east along the northern tier of Washington into Idaho and west over the Olympic
Peninsula. Training exercises are limited to aircraft overflights and may occur any time of year.
Thus, we will limit our analysis in this subunit solely to assessing the likelihood of exposure and
response to in-air sound from aircraft overflights (sorties) on the following federally listed
species:

-Marbled Murrelet -Grizzly bear
-Northern Spotted Owl -Gray wolf
-Canada lynx -Woodland Caribou

Our understanding of the timing, duration, frequency, and location of these overflights is based
largely on the Amendment to the BE (U.S. Navy 2009a), subsequent conversations with the
Navy, and additional maps and documentation provided during the course of this consultation.
The map depicting the location and frequency of low-level training areas in the Okanogan and
Roosevelt MOAs was particularly critical to our analysis (Appendix C). Except for the
Okanogan and Roosevelt MOA low-level training areas, distant and intermittent sound
associated with high-level flights is the only stressor that listed resources would be exposed to in
this subunit. Given the altitude, short duration, and intermittent occurrence of these high-level
flights, we do not anticipate measurable effects to any listed resources from this stressor. The
remainder of our analysis will focus on the risks associated with low-level training exercises in
the MOA:s.

Low-level flights with EA-6B aircraft occur between 300 feet AGL and 1,500 feet AGL over

three discrete areas of the Okanogan and Roosevelt MOAs (Figure 1). The average time for
these ACM exercises is about one hour, with typically two aircraft typically participating in each
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exercise. Based on information provided by the Navy (Appendix C), the average number of low-
level training events per year in each MOA is as follows:

e Okanogan MOA-B: 52 events
e Okanogan MOA-C: 60 events
e Roosevelt MOA-B: 60 events

For all listed resources, exposure to low-level flights in Okanogan MOA-C is considered
extremely unlikely due to unsuitable habitat conditions on the dry, typically south-facing slopes
in and adjacent to the Colville Reservation. The following analysis addresses the potential for
effects from the remaining low-level flights in Okanogan MOA-B and Roosevelt MOA-B.

Marbled Murrelets (Okanogan and Roosevelt MOAs only)

Marbled murrelets are not expected to occur within the Okanogan and Roosevelt MOAs, as they
are outside the species’ range. Thus, we do not anticipate exposure of murrelets to overflights in
this portion of the terrestrial subunit. As previously mentioned, high-level overflights in any part
of the action area are not expected to result in measurable effects to murrelets and other listed
resources due to their elevation, frequency, and duration.

Northern Spotted Owl

Northern spotted owls (Strix occidentalis caurina) are federally listed as threatened. The use of
aircraft in training exercises in the Olympic MOA will introduce elevated sound into spotted owl
nesting habitat during the nesting season. We previously completed an analysis of potential
disturbance (visual and sound) from common management activities to northern spotted owls
(U.S. Fish and Wildlife Service 2003, 2008). We expect no visual disturbance to breeding
spotted owls from Navy training activities in the Olympic MOA at a minimum flight level of
6,000 ft msl. This conclusion is based on that analysis.

The fixed wing aircraft flying over the Olympic peninsula in the Olympic MOA will be at a
minimum flight level of 6,000 ft msl or 1,200 ft AGL when above 6,000 ft msl; Rich Malaas,
U.S. Navy, Naval Air Station, Whidbey Island, pers. comm. 2010). Northern spotted owl nest
habitat occurs on the eastern side of the Olympic Peninsula up to 4,000 ft elevation, resulting in a
minimum vertical separation (worst case) between nest habitat and Navy aircraft of 2,000 ft.

The Navy reported sound transmission information for FA-18 and EA-6b jet aircraft commonly
used in training missions (US Navy 2009a, p. 9, 10). At a horizontal distance of 4 nm (4.6 mi)
from source, the received SPLs for these aircraft varied according to engine demand
(descending, cruising, or climbing) with the reported values ranging from 39 dBA to 63 dBA for
the FA-18 and 42 dBA to 62 dBA for the EA-6b. Although there is no potential for spotted owls
to be exposed to the maximum peak sound level (Lmax) (U.S. Navy 2009a, p. 13) from an EA-
6B climbing at 100 percent power, the distance to 92 dBA during an Lmax acoustic event would
be a point approximately 3,500 ft (1,067 m) directly below the aircraft (U.S. Navy 2009a, p. 10).
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Based upon the SPL ranges reported by the Navy for jet aircraft used in the typical scope of
training (above), we estimate a maximum received level of approximately 86 dBA? in the forest
canopy where spotted owls may be nesting. Given the broadband nature of aircraft sound, we
believe spotted owls will be able to detect a significant portion of the sound field.

However, spotted owl response is unlikely to result in a significant disruption (i.e., a flush or lead
to a failed attempt to feed nestlings) for two reasons. Sound profiles from aircraft overflights in
this scenario (altitude) will generally have a slow rate of onset before peaking at approximately
86 dBA (at 2,000 ft), then gradually returning to ambient level. The peak SPL is expected to last
less than 1 second and the entire event will occur over a few minutes. A slow rate of onset was
offered as a partial (and important) explanation for the lower responses observed in Mexican
spotted owls from helicopter overflights (Delaney et al. 1999). Second, the peak SPL of 86 dBA
is generally considered below the threshold of 92 dBA (USFWS 2008) that could result in a
significant disruption to essential behavior (i.e., breeding, feeding, or sheltering). We therefore
conclude the response of spotted owls to aircraft overflights conducting training missions in the
airspace over the Olympic Peninsula will not result in flushing or failed attempts by adults to
feed nestlings. Therefore the effect to spotted owls from Naval aircraft training at 2,000 ft AGL
over the Olympic Peninsula is considered to be insignificant.

The potential exposure of spotted owls to low-level flights is limited to a corridor along the
Chewuch River on the west edge of Okanogan MOA-B. This area represents the northeastern
extent of the species’ range in Washington. Spotted owl habitat in this area is extremely
fragmented and limited due, in part, to the following major fires west and east of the river since
2001:

e The Thirtymile Fire in 2001 (9,300 acres lost);
e The Farwell Fire in 2003 (81,400 acres lost); and
e The Tripod Complex Fire in 2006 (175,000 acres lost).

The nearest Late Successional Reserve (LSR) (Nice LSR) has, at most, 612 acres of suitable
habitat clustered at its western edge, beyond the influence of the proposed action. Although
protocol surveys are not current, past surveys completed in the late 1980s and early 1990s never
detected a resident single or pair of spotted owls in the Chewuch watershed. Subsequent
surveys, most recently in 2006, also failed to detect spotted owls. Given poor habitat distribution
and abundance, and lack of recorded observations in the watershed, it is extremely unlikely that
spotted owls will be exposed to sound from low-level flights. As previously mentioned,
exposure to high-level flights throughout the action area is not anticipated to result in measurable
effects. Aircraft strikes are not anticipated in any portion of the action area. Therefore, we
conclude the action is “not likely to adversely affect” spotted owls.

% We derived this estimate from the general relationship of a 6 dB increase for every halving of the distance. With a
received level of 63 dBA at 4.6 mi (24,288 ft) as the starting point (US Navy 2009a, p. 10), we expect the received
levels from an aircraft at 2,000 ft above the forest canopy to be approximately 86 dBA.
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Canada Lynx

Canada lynx (lynx) are federally listed as threatened. Lynx use a mosaic of high elevation forest
types, primarily in subalpine fir habitat where lodge pole pine is a major seral species, generally
between 4,100 and 6,600 ft. Lynx analysis units (LAUS) occur near the low-flight areas in
Okanogan MOA-B and Roosevelt MOA-B (Figure 1). The LAUSs near the Chewuch in the
Okanogan MOA support very little habitat due to stand-replacing fires between 2001 and 2006.
Lynx habitat use in response to these fires has likely shifted to the west, north towards the
border, and northeast to the Loomis State Forest, and suggests that very few lynx may be present
(Bob Naney, U.S. Forest Service, pers. comm., 2010). Any use of the area would most likely
represent dispersing individuals or seasonal exploitation of secondary prey and is extremely
unlikely to occur. Denning is not expected due to the extensive habitat loss from fires.

Low-level flights also occur in Roosevelt MOA-B, along the Kettle and Columbia Rivers in
northeast Washington (Figure y). The triangular area between these two rivers is referred to as
the “Kettle Wedge.” Lynx habitat and LAUs occur at moderate and high elevations, at least 3
miles from either the Kettle or the Columbia River flight corridors depicted in Appendix C.
Lynx habitat in this area is also limited and likely supports only a small number of individuals.
Only a single record of lynx reproduction has been recorded (Naney, pers. comm. 2010). Given
the proximity of lynx habitat to low-level flights in the Roosevelt MOA, as depicted in Figure
xX, it is extremely unlikely that lynx would be exposed to sound levels that would result in a
measurable effect. The short duration and infrequent timing of these overflights also minimizes
the likelihood of a measurable response. For these reasons, we conclude the proposed action is
not likely to be adversely affect Canada lynx.

Grizzly Bear

The grizzly bear is federally listed as threatened. Flight training activities in the Okanogan MOA
and western portion of the Roosevelt MOA will occur over the North Cascades Grizzly Bear
Recovery Zone (Appendix C). A very small population of bears remains in this recovery zone
(Gaines et al. 2000), consisting of perhaps 10-20 individuals (Almack et al. 1993). Romain-
Bondi et al. (2004) estimated North Cascade grizzly bear density and population size to be 0.15
bears/100 km2 (90% CI1=0.03-0.71) and six bears (90% Cl=1-27), respectively, from non-
invasive DNA hair-sampling and catch per unit effort methods. The best quality habitats are
north-south drainages that span the U.S. Canadian border (e.g., the Pasayten Wilderness,
Ashnola Creek, etc.) and are either outside the NWTRC action area or are not subject to low-
level flights (Gaines, pers. comm. 2010). In the North Cascades Recovery Zone, most dispersing
individuals are likely to move north and south between Canada and the U.S., and not east and
west across the low-level flight paths of NWTRC.

Grizzly bear use low- and medium-elevation riparian habitat, and concentrated elk and deer
calving/fawning areas in the spring. This “spring habitat” is the generally the most limiting
habitat for the grizzly bear. In the Chewuch portion of Okanogan MOA-B, areas of extensive
fires (previously described) have likely developed into desirable spring habitat, but the influence
of roads, recreation, and other human activities make the valley bottom, where low-level flights
would occur, undesirable. In addition, extensive amounts of spring habitat likely occur outside
the influence of both low-level flights and human activities, reducing the likelihood of grizzly
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bear presence in the Chewuch area. These factors, in combination with the extremely low
densities of dispersing individuals and the short-term nature of individual sorties, make it
extremely unlikely that grizzly bears would be exposed to elevated sound from the low-level
flights in Okanogan MOA-B.

Low-level flights in the Kettle Wedge area of Roosevelt MOA-B are expected to occur outside
of, and between, the Selkirk and the North Cascades Grizzly Bear Recovery Zones. The Selkirk
Grizzly Bear Recovery Zone is located east of the Roosevelt MOA and supports an estimated 40
to 50 bears. One grizzly bear was documented at Sheep Creek in Canada, just north of the Kettle
Wedge, prior to 2001 (Naney, pers. comm. 2010; Wayne Kasworm, U.S. Fish and Wildlife
Service, pers. comm., 2010). It is possible that grizzly bears may use portions of the
Kettle/Wedge area, but no use has been documented on the U.S. side of the border, and no dens
are known in the Wedge or just north of the border. Grizzly bears have not been documented at
or near the Kettle River or Columbia River, where low level flights are expected to occur.
Overall, the likelihood of exposure is extremely low due to extremely low densities of
individuals and the short-term nature of individual sorties. In the extremely unlikely event that a
grizzly bear were exposed to low-level flights in the Okanogan MOA-B and Roosevelt MOA-B
during the critical spring period, alternate spring habitat with less human disturbance would be
available. Therefore, we conclude that the proposed action is not likely to adversely affect
grizzly bears.

Gray Wolf

The population of gray wolves within the NWTRC is federally listed as endangered. In 2008,
the first wolf pack was documented in Washington in over 70 years, near Twisp. In 2009, a
second wolf pack was verified in Pend Oreille County. Only the Lookout Pack, near Twisp, is in
the NWTRC area. Wolves are a wide-ranging species and individuals likely moved through the
NWTRC prior to recent pack establishment.

The Lookout Pack is located in a mid-elevation area near Lookout Mountain in the southwestern
corner of Okanogan MOA-B. Radio-collared wolves appear to be using the Lookout Mountain
area extensively during winter and the denning period, but then move west and northwest (out of
the NWTRC) as summer progresses and their mule deer prey move up to the high country in
adjacent Lake Chelan Sawtooth Wilderness and North Cascades National Park.

Gray wolf exposure is limited to low-level flights near the Chewuch River in Okanogan MOA-B
and the Kettle/Wedge area in Roosevelt MOA-B. Because all known pack activity is outside of
these low-level flight areas, we expect that only dispersing individuals have the potential to be
exposed. In all other areas, wolves would be exposed to sound generated by high-level flights
and, as previously described, we do not anticipate that they would be measurably affected.

Wolves are fairly tolerant of human disturbance, and are known to persist almost anywhere
where they have an adequate prey base and are free from human persecution (Carroll et al.
2003). To successfully inhabit an area, they require a year-round prey base of wild ungulates
(Boyd et al. 1994, Fritts and Carbyn 1995). As previously described, extensive fires in the
Chewuch area have reduced habitat quality for prey. Overall likelihood of exposure in the
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Chewuch is extremely low due to poor habitat conditions for mule deer, very low densities of
dispersing wolves, and the limited number and duration of sorties. Similarly, exposure in the
Kettle/Wedge area is also considered extremely unlikely due to the small number of dispersing
wolves and the limited number of sorties. Therefore, we conclude the proposed action is not
likely to adversely affect gray wolves.

Woodland Caribou

Woodland caribou are federally listed as endangered. The woodland caribou recovery zone in
Washington includes the extreme northeastern portion of Roosevelt MOA-B, outside of the
Kettle Wedge low-level flight zone. Historically, woodland caribou occurred within northeast
Washington, but recent documented occurrences indicate they are primarily found in British
Columbia, with a few individuals utilizing habitats in northern Idaho (Bryon Holt, pers. comm.
2010). It is extremely unlikely that woodland caribou will be exposed to low-level flights in the
Kettle Wedge during the period of the proposed action. Given this, we conclude that woodland
caribou are not likely to be adversely affected.

Coastal/Puget Sound Bull Trout

Anadromous bull trout utilize the marine waters year-round in the CPS Subunit. However, bull
trout abundance throughout the subunit, and in the vicinity of Navy training activities, is
expected to vary daily and seasonally as a function of several interacting factors, including the
proximity of core areas, abundance/availability of forage, distance from shore, and the time of
year (life-cycle stage).

The action area plays a critical role in the anadromous life-cycle. Juveniles and sub-adult bull
trout are present in marine waters throughout the year and adults typically enter marine waters
each year in December and January following spawning in freshwater. The adults typically
remain in marine waters until July and August, when they leave and migrate to freshwater
streams to spawn.

Adult bull trout have been caught within the CPS subunit from April through July, all in shallow
water near shore. Although more typically associated with the shallow water environments
associated with shorelines, bull trout are expected to cross deep water environments as they
migrate between forage areas.

Juvenile and sub-adults also likely migrate to lower reaches of larger river systems to forage
during the spawning period (August to January). Therefore, the abundance of sub-adult and

juvenile bull trout is expected to be more concentrated in the vicinity of large rivers/streams and
with lower abundance near shorelines within the CPS subunit during the spawning period.

Exposure

Given the severe consequences of underwater explosives, the extensive distance that the
underwater acoustic environment can be altered, and the expected presence of anadromous bull
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trout at the Crescent Harbor EOD site®, individual bull trout are at high risk of being affected.
Specifically, bull trout exposure to underwater and surface (floating mine) demolition training,
including the potential indirect effect of high explosives reducing bull trout prey abundance from
injuring and killing forage fish is expected to adversely affect bull trout. Bull trout may also be
exposed to Navy support vessels, divers associated with each underwater detonation, and
contaminants from accidental fuel spills associated with the interrelated/interdependent activity
of overwater refueling surface vessels.

In general, the risk of bull trout exposure to these stressors varies annually, with highest risk
between January to August as adult bull trout inhabit the marine environment and lowest risk
between August to January as adult bull trout inhabit the fresh water environment. Exposure will
also be greater if/when stressors occur in shallow water or, as in the case of underwater
detonations, high SPLs reach shallow nearshore habitat where bull trout occur in higher
abundance. Bull trout exposure to other components of the Navy’s proposed training is not
expected.

As a result, we have determined the Navy’s proposed use of high explosive ordnance (surface
and subsurface) will have significant effects to bull trout. We expect adverse effects to be
caused by elevated underwater pressure levels (near and far fields) and potentially from reduced
forage availability. However, we expect the increased activity levels from EOD support vessels,
helicopters, divers, and vessel fueling/refueling activities will have insignificant effects to bull
trout.

In the sections that follow, we describe the anticipated extent and nature of the effects on bull
trout caused by the underwater and surface detonations. Subsurface detonations generally
impact a spherically shaped underwater area, constrained by the substrate and air/water interface
and surface detonations propagate predominately in a vertical manner into the air column. Given
difference in the energy propagation, we discuss each separately.

Exposure to Underwater Explosives

Bull trout exposure is expected at Crescent Harbor because there are three bull trout core areas in
relatively close proximity to Crescent Harbor. We assume bull trout presence at the Crescent
Harbor EOD site will be predominately from the Lower Skagit River core area. This core area
has one of the highest populations of bull trout and the Skagit River flows directly into the
marine waters near the Crescent Harbor EOD site. We expect bull trout from the
Snohomish/Skykomish and Stillaguamish core areas will also be present, though to a lesser
degree due to the farther distance and smaller population sizes.

The FWS expects that bull trout are in very low numbers in Hood Canal where the Floral Point
EOD site is located. Based on recent studies and observations in the Duckabush, Quilcene, and
other rivers and estuaries over the past 10 years, we expect that bull trout from the Skokomish

core area may occur occasionally near Floral Point EOD (Brenkman et al. 2007; Brenkman and
Corbett 2005; Goetz et al. 2004; Goetz et al. 2007;). However, habitat degradation of nearshore

® The Navy has modified the Alternative 2 (preferred) as described in the DEIS and has relocated the proposed
underwater and surface detonations at Indian Island EOD to Crescent Harbor EOD.
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foraging, migration, and overwintering habitat from natural and human sources (Goetz 2004,
PSP 2007; PSAT 2007a; PSWQAT 2002) and the distance from the Skokomish likely limits bull
trout occurrence near Floral Point EOD.

Considering the overall current low numbers of bull trout and their expected infrequent use of
the Floral Point EOD site, we anticipate the risk of exposure to high explosive ordnance to be
extremely low. In addition, indirect effects to bull trout prey species are not expected to be
measurable, because prey is abundant to support the current bull trout numbers present.
Therefore, direct and indirect effects to bull trout from exposure to NWTRC activities at Floral
Point are considered discountable.

Response

The Effects of Underwater Explosives

Explosives affect the underwater environment in two ways. For convenience, we separate these
effects as those associated with the near field or “blast zone” from those effects associated with
the far field effects of the underwater acoustical environment due to the high SPLs. While the
energy in the blast pressure wave in the “blast zone” suffers relatively rapid decay, the energy
loss (transmission loss) of the far field sound energy suffers relatively slow decay per unit of
distance traveled in marine waters.

Underwater explosions can affect fish behavior in a manner that reduces their fitness/survival or
if fish are close enough, the blast can physically injure or kill them (Nedwell and Edwards 2002,
Nedwell et al, 2003). An underwater detonation produces a pressure wave that radiates quickly
from the detonation site. The strength of this wave depends on the type and amount of
explosive, the location of the detonation in the water column (near the bottom versus near the
surface), distance from the detonation site (the strength of the pressure wave dissipates with
distance), and the location of the fish in the water column. The typical pressure wave from an
explosion consists of an instantaneous increase to the peak pressure, followed by a slower (but
still very rapid) logarithmic decrease to ambient pressure. The pressure wave can be displayed
as a waveform that describes the pressure-time history, where time is measured in seconds, while
pressure is measured in micropascals (uPa).

The principal mechanism by which pressure waves from blasts cause physical injuries to
organisms is through oscillations in body tissues. Most blast injuries in marine animals involve
damage to air- or gas-containing organs (Yelverton 1981). For example, fish with swim bladders
(including salmonids) are vulnerable to the effects of explosives, while fish without swim
bladders (flatfish, sharks, and rays) and invertebrates are much more resistant (Yelverton 1981,
Young 1991). During exposure to shock waves, the swim bladder oscillates and may rupture, in
turn causing hemorrhages in nearby organs. Fish that have thick-walled swim bladders that are
close to the body wall and away from the kidneys are more resistant to blast injury than are fish
with thin-walled swim bladders that touch the kidneys.

Several authors have described methods for calculating the theoretical kill or injury zones around
underwater explosions (e.g., Gaspin et al. 1975; O’Keefe and Young 1984; Young 1991).
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However, a more common metric to use for a single acoustic event that accounts for both the
negative and positive pressure wave is sound exposure level (SEL) (Hastings and Popper 2005).
The SEL is the time-integrated sound pressure-squared, and is expressed in dB referenced to 1
micropascal-squared*second (1puPa’-sec).

The best experimental data available on the effects of underwater detonations was reported by
Yelverton et al. (1975) who provided thresholds for injury, based on the mass (weight) of the
experimental fish, as the impulse of the detonation (the time-integrated sound pressure).
Recently, Hastings and Popper (2005) used the Yelverton et al. (1975) data to derive an SEL-
based threshold where injury was not observed (absent).

The FWS has adopted these SEL-based thresholds for injury to fish derived by Hastings and
Popper (2005), but due to some uncertainties associated with the calculations, we reduced the
threshold by 10 dB to add a margin of safety. Because the threshold for injury varies with the
mass of the fish, the following thresholds for SEL were used: 187 dB for juveniles (1.2 oz or 35
gms) and 188 dB for adults (2.2 Ibs or 1,000 gms). The kill or injury zones are based on the
distance from the detonation where these thresholds are expected to be met.

We calculated the area where the thresholds for SEL would be exceeded at Crescent Harbor
using the equations provided in Richardson et al. (1995). The calculations of Richardson et al.
(1995) are based on trinitrotoluene, which has a lower energy than the C4 explosives used by the
Navy. To account for this difference in energy, the C4 weights were multiplied by 1.1 to give
equivalent trinitrotoluene charge weights.

The equations of Richardson et al (1995) provide the received energy at a given distance for a
given charge weight (transmission loss) and we used this rate of transmission loss to calculate
the SEL. We used an iterative process where the distance from the charge was varied in the
equation until the thresholds for injury were met, because an estimate for the source energy level
was not available. The process yielded the distance from source, or radius, where bull trout
would be expected to be killed or injured. Assuming a charge-placement depth of 95 ft for the
2.5 Ib charges used at Crescent Harbor, the radius for the kill/injury zone, based upon the
threshold of 187 dB SEL, was calculated to be 486 ft (148 m).

The charge-placement site at EOD Crescent Harbor is approximately 1,000 m from the shoreline
(3,281 ft) and the detonations have occurred from 35 to 90 feet of water (15 to 20 m), with most
between over sandy or muddy bottoms. Based upon a maximum depth of approximately 95 ft in
Crescent Harbor, we modeled the charge depth at the maximum depth, which is the conservative
approach. Detonations at shallower depths will generally have a smaller kill/injury zone.

Estimating Bull Trout Injury and Mortality

Estimating the number of injured or killed bull trout is determined from the number of
detonations, the detonation site, and the month of the detonations. Adult bull trout are most
abundant in marine waters December through January when adults return from their natal
streams and foraging in the marine environment. Juveniles and sub-adult bull trout enter the

4 Throughout this Opinion, SEL is referenced to 1 uPa’-sec.
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marine waters at the same time as adults but can be found in the marine environment year-round.
We expect juveniles and sub-adults also migrate to some extent to the lower estuarine,
freshwater reaches of larger river systems to feed during the winter. The little that is known
about bull trout movement patterns in the marine environment is based on the findings of Goetz
(2004).

Bull trout are more often associated with shallower nearshore waters when foraging and
migrating. At times, though, we infer that bull trout will also move over deepwater habitat
because the species has been captured at Crescent Harbor and Penn Cove on Whidbey Island.
To get to Whidbey Island, bull trout would have had to migrate over deeper water.

To estimate the number of bull trout killed or injured, we considered the size of the near field
zone for a 2.5 Ib detonation. Based upon a circle with a radius of 486 ft or 148 m, we determined
the area to be slightly larger than 17 acres (6.87 ha) for each 2.5 Ib charge (assuming a 95 ft
depth for charge placement). This leads to an underwater volume of approximately 70.5 million
ft* of injurious sound levels (assuming equal transmission loss in all directions). Bathymetry
data of Crescent Harbor indicate bottom depths from 30 to 100 ft and from and the Navy’s
monitoring reports from the Navy (citation needed) of previous detonations indicate charge
depths of 35 to 90 ft.

The Navy proposes to conduct a total of 10 underwater or surface detonations for the 5-year
period of 2010 through 2015 (2 annually). Due to the uncertainty about training needs, the Navy
could not predict the timing of EOD training exercises or whether the training will involve
surface or underwater charges. To establish a reasonable worst-case analysis, we assumed the
use of explosive ordnance will occur underwater and could occur any month of the year (with a
limit of one EOD exercise during the winter period). With the adult-aged bull trout returning to
spawn in the freshwater in July and August, bull trout density decreases in the marine
environment during the period of August — January each year. The remaining subadult and
juvenile bull trout likely will be concentrated near the lower reaches of large river systems.

To estimate the number of bull trout that may be killed during underwater detonations, we
assumed a higher risk of bull trout exposure during the months in which all life history stages of
bull trout may be in the marine waters (January through August). To represent this higher risk
level, we assumed the exposure and mortality of one bull trout that may be present in the kill and
injury zone. During the remaining months of the year (September through November), we
assumed that there is a low risk of bull trout mortality such that the likelihood of bull trout
occurrence in the kill and injury zone would be extremely unlikely.

The number of underwater detonations that the Navy will conduct, the month in which the
detonations might occur, the risk factors associated with each detonation, and higher bull trout
use of the shoreline areas in the marine environment were the primary factors considered in
estimating bull trout mortality. We had to establish an assumption on the timing of EOD
exercises because bull trout abundance, and therefore exposure, was not the same for each
month.

Based upon bull trout life history, 25 percent of the time (in any given year) adult bull trout are
engaged in the spawning phase of the life cycle (in fresh water) and assumed bull trout density in
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the marine environment was also extremely low. During this period of lower bull trout density,
we assumed the likelihood of bull trout occurrence in the kill and injury zone was extremely
unlikely. However, given the uncertainty in the Navy’s EOD training, it is possible that all 10
EOD events at Crescent Harbor could occur during the 9 month period of higher bull trout
density (December through August). We therefore assumed the occurrence of either one juvenile
or adult bull trout within the 486 ft (148 m) radius of the detonation site for each of the 10
detonations, resulting in exposure to SPLs of 187 dB SEL for juveniles (1.2 oz or 35 gms) and
188 dB SEL for adults (2.2 Ibs or 1,000 gms). As a result, a maximum of 10 bull trout are
expected to be killed (1 per detonation) during the 5-year implementation period of the action.

The Effects of Surface Explosives

The demolition of floating steel barrels with explosive ordnance (training for floating mine
demolition) is expected to transmit considerably less energy into the water than underwater
detonations of similar a size (placed on the ocean floor) due to a large portion of the energy
escaping vertically into the air. This resulting ensonified volume of water, and presumably the
risk to bull trout, is considerably smaller than the impact volume associated with underwater
explosives. Given the Navy’s uncertainty and the overall lower risk of surface detonations, we
elected to analyze the effects of EOD training on the assumption that all the 10 EOD training
events would be the higher risk underwater detonations. Thus, we did not directly consider the
effects of floating mine demolition training in our analysis for effects to bull trout.

Bull Trout Forage Fish Impacts

The Navy reports that the use of high explosive ordnance for Navy EOD training may result in
significant fish mortality, several species of which are important to bull trout as forage (U.S. Fish
and Wildlife Service 2008; U.S. Navy 2008a). Surface counts of fish collected by the Navy after
training exercises held at Crescent Harbor indicate the underwater detonations primarily result in
mortality to Pacific herring and surf smelt. Other species identified include shiner surf perch
(271 total over all 46 detonations), Pacific tomcod (29 total), blackeye goby (1 total), and
northern anchovy (7 total) (U.S. Fish and Wildlife Service 2008).

The mortality rates in fish vary with the timing of detonations, charge weight, and charge
placement. For example, 10-1b charges (near the surface) in June and September (2002) resulted
in relatively low surface counts of mortalities in Pacific herring and surf smelt. Similar mortality
rates were reported for 5-1b charges occurring in January, April, and June of 2003 at charge
depths of 70 to 90 ft. However, five-pound charges had the highest observed mortality rates in
July 2003 and June 2004 at charge depths of 40 to 45 ft. Underwater detonations of 2.5 Ib
charges placed at 35 to 80-foot depths had similarly high observed mortality rates in the months
of May, July, August, and September (2005, 2006, 2007). Overall, surface detonations had
fewer observed fish mortalities than underwater detonations using 2.5-pound charges.

The observed fish mortality associated with the post-detonation monitoring is expected to under
represent the actual fish kill (number and species) because blast pressure waves can result in
rupture of gas (air or swim) bladders in fish and often results in the fish sinking. Studies by
Teleki and Chamberlain (1978) and Thomas and Washington (1998) found that up to
approximately 80 percent of fish killed by an underwater explosives actually sink. With the
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difficulty associated with surveying and finding fish that sink, the FWS believes the fish killed
may be substantially higher than what has historically been observed during post-detonation
monitoring of EOD training exercises.

Trawling surveys in Skagit Bay were conducted in shallower, near-shore waters where the
Navy’s EOD training does not occur (Rice et al. 2002 in litt.). The variability in the number of
herring and surf smelt found on the surface after a detonation is consistent with the variability
observed in the trawling surveys. The trawling data show that for any given site, the number of
herring and surf smelt fluctuates. For example, the site closest to Crescent Harbor, and one of
the sites within the action area (Utsalady) has an average mean catch per tow for herring ranging
from 10 in June to 1,000 in August and September. Surf smelt numbers ranged from 5 in
October to 170 in September. However, the trawling data indicate considerable variability in the
numbers of herring and surf smelt sampled in the different months. Similar variability in the
data is observed with the number of herring and surf smelt that float to the surface after a
detonation.

Pacific herring

Pacific herring populations are the only forage fish that are monitored by WDFW annually
(Pentilla 2007). Spawning of Pacific herring varies with the different stocks but generally occurs
from late January through April (Pentilla 2007). Pacific herring are found within Puget Sound
throughout the year (Stout et al 2001, Pentilla 2007). The pre-spawn holding area for the Skagit
Bay herring stock is located just south of Crescent Harbor and located completely within the
Crescent Harbor action area (Figure 12). Pacific herring have the greatest potential to be
impacted from January through March during the pre-spawn holding time as they will be
congregating and migrating closer to the detonation sites.

The Holmes Harbor herring stock’s spawning locations are also completely within the Crescent
Harbor action area, but at the extreme southern end. No known pre-spawn holding area exists
for this stock. Because of the distance from the detonation site to the spawning areas, the EOD
training detonations are not expected to impact spawning. However, as these herring spawn and
move into Saratoga Passage, they may migrate north and be killed or injured by detonations.
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SKAGIT BAY BEACH SEINE AND TOWNET SITES

i
Fidalgo Islan d/fSimiIk Bay

|
A/? | Is_one Tree
Hoypus Pt HopelsN %
g 3
- SneeOosh
Hopels S i
La Conner
y PED Flat=s
| 5%
\ g
Yy
) 3
Whidbey Island %ForkFlats
ss\Str.:m-berw Pt
"/ So Fork Flats
Crescent®
English Boom
g ¥ & g
L&Salady/ g $g ¢
’X AN/ Townet Si;e .
5 3 Beach Seine Site Camano Island

Figure 12. The 2001 locations in Skagit Bay (Rice et al. 2002 in litt.) where tow net sampling
was conducted. (note: the Crescent Harbor location was estimated from Rice (2007 in litt.).

The FWS was not able to determine whether or not fish mortality caused by the Navy’s
underwater detonations would have a population-level effect. Nonetheless, we attempted to
assess the relative impact of the Navy’s actions in terms of biomass at the scale Skagit Bay and
Holmes Harbor.

The Navy will be conducting EOD training with 1.5 Ib (at Bangor) and 2.5 Ib charges (at
Crescent Harbor). To estimate the number of herring that may die from the EOD training, we
assumed that the worse case scenario for a single, 2.5-1b detonation would be the maximum
number of dead herring documented during the Navy’s surface monitoring surveys. On June 3,
2004, 3,760 dead herring were detected following a 5-1b charge and the largest number of
herring killed for a 2.5-1b charge was 2,520 (August 9, 2005). Because of the high spatial and
temporal variability in herring density, as indicated by the monthly Skagit Bay trawling data, we
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used mortality estimates from the 5-Ib charge for our analysis. Because not all fish float, we
conservatively assumed that 80 percent of the fish killed from a detonation sank (Thomas and
Washington 1998). Therefore, the potential number of herring killed from each prior EOD event
may have been as high as 18,800 individuals. To estimate the total biomass of those individuals
killed, we used the length/weight regression from Reilly and Moore (1986):

Ln(W) =-12.82 + 3.34In(L)

Stick (2005) provided mean lengths of age 2, 3, 4, and 5 year olds for different stocks in Puget
Sound. The average of the mean lengths was used to calculate the average weight for an
individual herring (Skagit Bay herring stock — 157 mm, Holmes Harbor herring stock — 180
mm). Average weight per individual herring is 4.07 g for the Skagit Bay stock and 4.52 g for the
Holmes Harbor stock. The total biomass of the 18,800 herring estimated to be killed would be
0.0765 tons for the Skagit Bay stock and 0.0850 tons for the Holmes Harbor stock. These values
assume that all herring killed from all detonations originate from the same stock.

The biomass killed from each 2.5 Ib charge is 0.004 percent and 0.017 percent of the five-year
mean spawner biomass for the Skagit Bay and Holmes Harbor herring stocks, respectively. With
two charges annually at Crescent Harbor, the total biomass removed (killed) would represent
approximately 0.008 percent and 0.034 percent of the mean biomass (of spawning fish) for the
Skagit Bay and Holmes Harbor stocks annually. With the recent evidence indicating that the
Skagit Bay stock is stable and Holmes Harbor stock is increasing, the FWS does not anticipate
that this level of annual mortality of Pacific herring caused by underwater detonations will
measurably affect the abundance of either stock.

Surf smelt

Surf smelt are found throughout Puget Sound at all times of the year and spawn throughout the
year (WDFW 2008). Little is known about their adult life stage but it is assumed they may stay
near their spawning areas (Pentilla 2007). Surf smelt populations within the Crescent Harbor
action area may be impacted because the known spawning locations occur along the shorelines
both west and east of the detonation area. Even though surf smelt are shoreline oriented, they do
migrate out to waters 60 ft in depth. Most EOD detonations have occurred in waters less then 60
ft. Therefore, surf smelt are susceptible to death or injury from the detonations. No monitoring
of surf smelt abundance is conducted in Puget Sound. Therefore, no quantitative analysis can be
conducted on the number or biomass of surf smelt killed from Navy EOD detonations.
Therefore, for the purpose of this analysis, we can simply assume that there will be measurable
mortality of surf smelt, but given the effects of this action relative to their total abundance and
widespread distribution, cannot determine whether this mortality will result in a reduction of the
overall population of surf smelt in the Crescent Harbor action area.

Pacific Sand lance
Pacific sand lance can be found within Puget Sound throughout the year (Pentilla 2007). Pacific

sand lance spawn in late fall and winter (Robards et al 1999). During the day in the spring and
summer, Pacific sand lance occur within the water column during the day and bury themselves in
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the substrate during the night. Pacific sand lance may be exposed to the detonations year-round,
but are more likely to be exposed when they occur in the water column during the day. Pacific
sand lance lack a gas bladder; therefore, they will not be killed by ruptures of the gas bladder,
which in turn may make them less susceptible to the EOD detonations. However, gas bladder
ruptures are not the only injury that may be sustained from exposure to elevated SELS.

Within the action area, sand lance spawn in the same general locations as surf smelt, but the
spawning grounds are much smaller. A small spawning area is located in Crescent Harbor,
however, a larger area exists on both the east and west side of Holmes Harbor.

The data collected by the Navy monitoring of detonations did not document specific Pacific sand
lance mortalities. This species occurs within the water column during the time the detonations
may occur. However, Pacific sand lance are more prone to sink than float because they do not
have a gas bladder. Therefore, we cannot discount sand lance may be killed or injured by the
detonations. No monitoring occurs of sand lance abundance throughout Puget Sound.
Therefore, no analysis can be conducted on the number or biomass of Pacific sand lance killed
from Navy EOD detonations. Therefore, for the purpose of this analysis, we can simply assume
that there will be measurable mortality of Pacific sand lance, but given the effects of this action
relative to their total abundance and widespread distribution and the lack of data documenting
mortality, cannot determine whether this mortality will result in a reduction of the overall
population of Pacific sand lance in the Crescent Harbor action area.

Bull Trout Effects from Prey Mortality

We anticipate there will be mortality of forage fish in the action area. However, our analysis of
the proportion of Pacific herring mortality relative to the existing population indicates that
population effects are insignificant, and no other evidence was found indicating that the
detonations will have significant effects on availability of other forage fish, given that also have
large populations relative to the mortality observed. Therefore, we anticipate the mortality of
forage fish will have effects on bull trout that are considered to be insignificant.

The Effects of Other Training Activities

For many of the activities, bull trout are either extremely unlikely to be exposed to the impacts,
or the effects are not likely to be measurable. These activities include effects from all power
boat/helicopter operations, mine placement, insertion and extraction of divers, locating mines by
hand-held sonar, placing of explosives and detonation equipment on the mine, retrieval of debris
after the detonations, and seafloor impacts resulting from the detonations.

Powerboat/helicopter operations

The powerboat operation includes, in general, bringing personal and equipment (explosive,
detonation equipment, etc.) from shore to the detonation site, insertion and extraction of divers,
and pre-detonation surveying for mammals and birds. Effects to bull trout from exposure to the
impacts of the powerboat and helicopter activities are not expected to be measurable. Noise and
vibration from the powerboat and helicopter activities may be detectable to fish in the water.
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However, bull trout response to these sounds (assuming they occur within the hearing range of
the species) is not expected to reach the intensity (SPL) that will be measureable. In other
words, bull trout may have brief, startled reactions from the powerboat or helicopter activities,
but the FWS expects bull trout to resume normal activities within an extremely short time
(seconds) frame following disturbance. This type of response poses no risk of fitness loss from
behavioral avoidance or injury from high intensity sound; therefore, the effects of powerboat and
helicopter operations are considered insignificant.

In-water diver activities

In-water diver activities involve the training requirements for locating mines with hand-held
sonar, placing explosive charges (C4) and detonation equipment on targets, and debris retrieval
(following detonation). Bull trout are expected to have a response similar to powerboat and
helicopter operations.

Bull trout response to Navy divers is likely to be an alarm response, however the FWS expects
bull trout to resume normal activities within an extremely short time (seconds) frame following
disturbance. The same response in bull trout would be expected during placement of explosives
and detonation equipment. This response poses no risk of fitness loss due to the behavioral
avoidance of important habitat or the likelihood of injury from high intensity sound. Therefore,
in-water diver activities are considered insignificant.

Seafloor impacts

Acrtificial mines placed on the sea floor and destroyed with explosive ordnance are expected to
result in seafloor habitat alterations and mortality of some invertebrate. The effects of the
change in seafloor integrity are not expected to have any measureable effect on bull trout
behavior or measurably affect bull trout fitness in any way. Bull trout are shallow-water oriented
fish, with limited migration over deeper water. Because bull trout do not utilize deep water
habitats, the potential effects of seafloor impacts or habitat alterations are considered
insignificant.

Marbled Murrelet

The Coastal/Puget Sound Subunit of the Action Area is encompassed by murrelet recovery zones
(Conservation Zones 1 and 2) designated and described in the Recovery Plan for the Marbled
Murrelet (U.S. Fish and Wildlife Service 1997). Murrelets density and distribution in the marine
environment varies by season (Falxa et al. 2008; Nysewander et al. 2005, p. 65, 68).

Several sources have documented murrelet presence in the action area. The best available
information for the presence of the species during the breeding season comes from surveys
conducted for the Northwest Forest Plan Murrelet Effectiveness Monitoring Plan (NWFPEM)
(Raphael et al. 2007). For the purposes of the NWFPEM, both recovery zones are subdivided
into strata and each stratum is divided into “Primary Sampling Units” or PSUs. Each PSU is a
rectangular area approximately 20 km long composed of inshore and offshore subunits that are
sampled between May 15 and July 31 each year (Raphael et al. 2007). During the breeding
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season, murrelets tend to forage in well-defined areas along coastlines and shorelines in
relatively shallow marine waters (Strachan et al. 1995) with foraging occurring throughout the
day and in some cases at night (Strachan et al. 1995).

The best available information documenting the species presence in the Coastal/Puget Sound
Subunit during the non-breeding season comes from Nysewander et al. (2005) in a report for the
Puget Sound Ambient Monitoring Program (1992-1999). The authors report murrelets are
common in the marine waters of Puget Sound during the winter, presumably due to the
importance of Puget Sound as a wintering area.

Within the Coastal/Puget Sound Subunit, murrelets during the breeding season are found most
commonly in the nearshore waters of the San Juan Islands, Rosario Strait, the Strait of Juan de
Fuca, Admiralty Inlet, and Hood Canal. They are more sparsely distributed elsewhere in Puget
Sound (south of the CPS Subunit), with smaller numbers observed at various seasons as far south
as the Nisqually Reach, as well as in Possession Sound, Skagit Bay, Bellingham Bay, and along
the eastern shores of Georgia Strait and the outer coastal areas of Washington. During the non-
breeding season, murrelets typically disperse and are found farther from shore (Strachan et al.
1995).

Assessing the risk and vulnerability of murrelets in the marine environment to stressors from the
NWTRC varies considerably during the species’ annual life cycle. During the pre-basic molt
flightless murrelets must select foraging sites that provide adequate prey resources within
swimming distance (Carter and Stein 1995). Murrelets breeding on exposed outer shores of
Vancouver Island, British Columbia appear to move into more sheltered waters in Puget Sound
and the Strait of Georgia, where numbers increase in fall and winter (Burger 1995). Surveys
along the southern shore of the Strait of Juan de Fuca conducted by the WDFW from 1996 to
1997 (Thompson 1997) showed an increase in the number and group size of murrelets in August
in the eastern Strait, although numbers declined in the western portion of the Strait. Surveys in
the near shore waters of the San Juan Islands conducted by the Forest Service and collaborators
(Ralph et al. 1995, Evans 1999) showed a similar increase in murrelet density in August and
September. A higher concentration of murrelets was also observed during September and
October surveys of Admiralty Inlet, Hood Canal, Saratoga Passage, and Possession Sound
(Merizon et al. 1997). A breeding murrelet, banded in Desolation Sound in summer, was
recovered near Orcas Island in September, and then recovered in Desolation Sound the following
year (Beauchamp et al. 1999).

Given this information, the FWS expects individual murrelets are at high risk to direct effects
from the use of explosive ordnance, which if exposed, could reduce the murrelet population size
as a result of direct mortality of adults and juveniles. Adult mortality during the breeding season
could lead to population-level effects if breeding adults are killed or injured (including nestling
mortality). The significance of these impacts, as well as other potential stressors, on the murrelet
population will be discussed in the following sections. However, we begin this analysis with
describing the extent and duration of exposure to the potential stressors.
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Potential Stressors

From the information presented in previous sections, murrelets from both Conservation Zones
may encounter several stressors from the next 5 years of Navy training in the marine and
terrestrial environments (Table 9). However, the likelihood of exposure varies considerably. In
addition to the effects of explosive ordnance mentioned above, other stressors will involve
visual, auditory, and physical effects on individual murrelets caused by aircraft overflights
(acoustic and strike risk), vessel traffic (anthropogenic presence), use of explosive and non-
explosive ordnance (strikes), and contaminants (vessel discharge of shredded plastics and fuel
spills) (Table 4).

Table 4. Summary of the stressors potentially affecting marbled murrelets within the Action
Area for the proposed Northwest Training Range Complex (Complex).

Subunits within the Complex
Stressors Pacific Ocean Coastal/Puget Terrestrial
Sound

Acoustic (underwater) X X

Acoustic (air) X X X
Blast Overpressure X

Physical Impact (strike) X

Vessels X

Entanglement X

Contaminants X

Exposure

The objective at this stage of the analysis is to estimate the number of murrelets, if possible, that
may be exposed to each stressor. However, there is considerable variation in the likelihood that
murrelets will be exposed to each stressor. Thus, our first step is to establish whether or not
there is a sufficient likelihood that murrelets will encounter each stressor. We begin by
considering murrelet exposure to high SPLs (underwater) from the high explosive ordnance used
in EOD exercises in the CPS Subunit and in training in the Pacific Ocean.

Underwater Explosive Ordnance

Murrelets may be exposed to high SPLs from 1) the use of high explosive ordnance at sea (ASW
TRACKEX-MPA, SINKEX, and BOMBEX) that may result in the transmission of high SPLs
into the coastal zone where murrelets occur and 2) EOD exercises at Floral Point and Crescent
Harbor in Puget Sound. Murrelets use the marine environment for foraging, loafing, courtship,
and provisioning. Of particular interest in this analysis is the effect of pressure waves from
explosives on murrelets foraging underwater.

Underwater detonations can result in a variety of injuries to organisms exposed to elevated SPLs.

Important biological variables that factor into the degree to which an animal is affected include
size, anatomical variation, and location in the water column (Gisiner et al. 1998). The Yelverton
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and Richmond (1981) and Yelverton et al. (1973) studies identified injury thresholds in relation
to the size of the charge, the distance at which the charge was detonated, and the mass of the
animal exposed.

For fish and mammals, the Yelverton (1981) and Yelverton et al. (1973) studies found a
correlation between the size of fish and mammals, and the impulse level needed to elicit an
injury; that is, the greater the mass (weight of the fish/mammal), the greater impulse level needed
to cause mortality or injury. Conversely, an organism with a smaller mass would sustain injury
from a smaller impulse. While Yelverton did not do this analysis for birds, we reasoned that this

correlation was independent of the organism’s taxonomic classification and thus it also applies to
birds.

The mean mass of the birds used in Yelverton’s study was 1.16 kg for the mallards and 2.33 kg
for Rouen ducks. Adult murrelets are generally much smaller, averaging 0.22 kg (Watanuki and
Burger 1999, Hull et al. 2002). Given the correlations observed with fish and mammals in
regards to weight and blast size, it is likely that murrelets would be impacted by even lower
impulse levels than those identified by Yelverton for mallard and Rouen ducks.

Based upon the thresholds observed, Yelverton et al. (1973) developed a range of criteria at
which injury and mortality resulting from exposure to underwater detonations could be expected
for birds diving below the surface (Table 5). These thresholds are based on the impulse from an
underwater blast, which is a better means to assess physical damage than peak overpressure
(YYelverton et al. 1973, Yelverton 1981). Because data are not available for developing a specific
impulse level at which murrelets would be impacted, we used the criteria established by
Yelverton et al. (1973) and conservatively applied the thresholds for the smaller-sized murrelet.
We assumed, based upon the smaller size of murrelets, that some individuals will be mortally
wounded by impulse levels of 138 Pa-sec or greater and significantly injured, though not
necessarily killed, by impulse levels of 41 Pa-sec or greater. Significant (sublethal) injuries,
assumed as a consequence of exposure to SPLs between 41 and 138 Pa sec, include barotrauma
(injury to internal organs, such as the lungs, heart, brain, and eyes). Below 41 Pa sec, the
occurrence of injuries to inner ear structures were not investigated (with histological procedures)
by Yelverton et al. (1973) and Yelverton (1981). We therefore could not rule out that such
injuries could occur from shock waves.
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Table 5. Blast attenuation criteria for injuries and mortality expected for waterfowl (mallard
ducks, Anas platyrynchus) diving below the surface as identified by Yelverton et al. (1973) and
Yelverton (1981)

Criteria Impulse (Pa sec)
50% mortality - Survivors seriously injured and might not 310
survive on their own.
1% mortality - Most survivors appeared unhurt, but sustained 248
injuries to lungs, liver, and kidneys.
No mortality - Slight blast injuries and a low probability of 138
eardrum rupture.
Low probability of trivial lung injuries and no eardrum 69
rupture.
Safe level. No injuries.* 41

*Injuries detectable only by histological examination, such as in the inner ear, were not considered.

A separate method for determining the maximum lateral extent of injury that is based on species
weight is presented in O’Keefe and Young (1984). Because of the uncertainty associated with a
weight-based calculation, the authors recommended multiplying the maximum lateral spatial
separation from the source by at least a factor of two in order to ensure an adequate margin of
safety. However, based upon the strength of evidence, we adopted the criteria developed by
Yelverton et al. (1973), yet recognizing the criteria may not be fully protective for the murrelet
because of the species’ smaller size compared to the species used in development of the criteria
in Table 5.

To assess the likelihood or extent of injuries that are detectable only through histological
examination of murrelets (i.e., below 41 Pa sec, Table 5), a separate criteria based upon an
exposure to a “peak’ SPL has been established in prior consultations. The FWS has anticipated
physical effects to occur at SPLs above 180 dBpea (USFWS 2008), though other metrics such as
SEL may also be used. The expected physical effects that occur above 180 dBeax are primarily
to the inner ear, which may affect murrelet hearing. Therefore, we anticipate that any murrelets
underwater within the action area at the time of detonation that are exposed to 180 dBpeax Or
greater will be potentially subject to physical effects to the inner ear structures.

Turnpenny and others (1994) attempted to establish a threshold of underwater sound that would
elicit behavioral responses in brown trout, bass, sole, and whiting. With brown trout an
avoidance reaction occurred above 150 dBys and other reactions (e.g., a momentary startle),
were noted at 170 to 175 dBms. The report references Hastings’ "safe limit" recommendation of
150 dBms and concludes that the Hastings’ “safe limit” provides a reasonable margin below the
lowest levels where fish injury was observed. In an associated literature review, Turnpenny and
Nedwell (1994) also state that the Hastings’ 150 dBms limit did not appear overly stringent and
that its application seemed justifiable. Additionally, observations by Feist and others (1992)
suggest that sound levels in this range may also disrupt normal migratory behavior of juvenile
salmon.
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Objectives

For this analysis, we describe the spatial extent of the potential physical and behavioral impacts
from our understanding of the correlation between the impacts with the general physical
properties of underwater explosives. In order to assess the risk of lethal effects from underwater
explosives, we first must estimate the likelihood of foraging murrelets encountering an injurious
pressure wave within the near-field “blast zone,” as determined by energy levels exceeding a
threshold of 41 Pa-sec and a probability of 10 percent (or greater). If these conditions are met,
an attempt to estimate the number of murrelets encountering these lethal effects will be made.

In similar fashion, we assessed the sublethal effects of high intensity sound waves that may
injure (not mortally) foraging murrelets by first estimating the likelihood that foraging murrelets
will encounter a high-intensity sound pressure level, as determined by energy levels exceeding a
threshold of 180 dB,ea and a probability of 10 percent (or greater). We again attempt to estimate
the number of murrelets encountering energy levels exceeding 180 dBpeax if/when the likelihood
(probability) exceeds 10 percent.

Finally, we also considered murrelet exposure to energy levels exceeding a threshold of
150 dBms as the basis for potential behavioral effects. If exposed, we will attempt to
assess whether or not the behavioral responses are significant and quantify the number of
murrelets affected in this manner.

Murrelet Risk to Underwater Sound in Conservation Zones 2, 3 and 4

The seaward boundary for the six murrelet Conservation Zones is 1.2 miles (1.9 km) off the
coastline, although murrelets in the listed portion of their range can be encountered up to 5 miles
(8.0 km) from the coastline (Burger 1995; Strachan et al. 1995; Nelson 1997; Day and Nigro
2000; Raphael et al. 2007). Murrelet surveys conducted at-sea within Conservation Zones 2, 3,
and 4 extend out to 5 miles in Conservation Zone 2; 3.1 miles(5.0 km) in Conservation Zone 3;
and 1.9 miles (1.6 km) offshore in Conservation Zone 4 (Miller et al. 2006. Murrelets are rarely
found farther out to sea, therefore we assume a maximum seaward distance of 5 miles for this
exposure analysis.

Here we consider the exposure of murrelets in the coastal areas to underwater sound generated
by a wide variety of weaponry and high explosive ordnance used in W-93, W-570, and W-237
(Figure 1). Potential sources of underwater sound include MK 82 (500 Ib) general purpose
bombs (20 live annually), MK 83 (1,000 Ib) bombs, and MK 84 (2,000 Ib) bombs, missiles,
cannon shells (20 mm), Naval gunshells (5 in, 25 mm, 57 mm, 76 mm), and SSQ-110A
sonobuoys.

For all the impulsive sound sources other than the use of SSQ-110A in W-237, we are highly
certain that exposure to lethal sound fields (> 41 Pa-sec) is discountable due to the location of
these training events occurring at significant distances from the mainland. The shortest possible
distance from murrelets would be over 25 mi/40 km in Conservation Zone 2 and over 10 mi/16
km in Conservation Zones 3 and 4. The risk is further reduced given the nature of the training
events that indicate the explosive ordnance will be detonated above or at the surface of the water.
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We therefore expect that much of the energy will be released into the air resulting in significant
reductions in the energy levels within the water, although we do not know the SPLs at source for
the explosive ordnance used in Navy training.

The use of SSQ-110A sonobuoys in W-237 (off the Washington coast) was investigated in
greater detail. Based on the Navy’s description of these in actions in their documents of the
proposed action (DEIS and BE), these sonobuoys could theoretically be deployed within five
miles of the Washington coastline — clearly within the coastal zone where murrelets are known to
frequently occur. These active sonobuoys carry an explosive payload of 2 Class A, 4.2 1b (1.9
kg) charges of HLX that detonate after part of the unit sinks to a predetermined depth (with a
sensor remaining on surface) upon contact with the water (for further details see description at
3.4-35 in Volume 1 of the DEIS). The attenuation distance to < 41 Pa-sec for a 4.2 Ib charge
was calculated to be 300 m (assumed a 60 ft detonation depth). The Navy proposes to deploy
149 explosive (SSQ-110A) sonobuoys annually.

However, information provided by the Navy (Mosher in litt. 2010) indicates that deployment of
the SSQ-110A sonobuoys within 12 nm (13.8 mi/22.2 km) of the coastline is prohibited under
current Navy policy. Thus, murrelets encountering the injurious levels of underwater energy
while feeding in the coastal areas of Conservation Zone 2 (> 41 Pa-sec) is extremely unlikely
(discountable). At this distance, we also assume the exposure risk of murrelets to energy levels
of 180 dBpeak or 150 dBms in coastal waters (within 5 miles of the coast) is extremely low.

We therefore limited our consideration of the effects of the Navy’s use of underwater explosives
to Conservation Zone 1. However, we will evaluate the risk of nesting murrelets in other
Conservation Zones being exposed to other potential stressors such as HF or low-frequency
active sonar and in-air high SPLs from jet aircraft overflights later in this Opinion.

Conservation Zone 1

The first step towards determining the likelihood of murrelets encountering high SPLs from
EOD exercises is to describe the structure of the murrelet population in Conservation Zone 1.
The investigators for the marine component of the Northwest Forest Plan Effectiveness
Monitoring Program annually report the abundance and density of murrelets in Conservation
Zones 1 to 5. These efforts, along with a coordinated effort in Conservation Zone 6
implementing the same sampling protocol, have resulted in annual estimates of murrelet
abundance for each Conservation Zone (Falxa et al. 2009) during the summer season. Using the
most recent population estimates from Falxa et al. (2009), Conservation Zone 1 has a predicted
murrelet population size of 5,623 during the summer of 2008 (Table 6). The number of young-
of-year birds (less than 1 yr old), subadults (1-2 years old), and adults (3 years old and greater)
are predicted using a juvenile ratio of 0.061 young/after-hatch year pair, overall juvenile survival
rate of 0.6 (McShane et al. 2004), and an adult breeding rate of 0.77.
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Table 6. The estimated number of marbled murrelets in each age class in Conservation Zone 1 in
northwest Washington during 2009/2010 (derived from Falxa 2010 in litt.).

Population | Breeding | Breeding | Non-breeding
Size Adults® Pairs® Adults*

5,623 4,125 2,063 1,232 100 166
12000 Conservation Zone 1 mean population size. The 95 percent confidence interval is 3,922 — 8,352 (Falxa et al. 2009).
2No. of adults (4,125) x adult breeding rate (0.77).
®No. of breeding adults/2.
*INo. of birds (5,623) — No. of juveniles (166) — No. of subadults (100)] x Non-breeding Rate (0.23)
®No. of Juveniles (166) x 0.60 survival.
®No. of pairs of after-hatch-year murrelets (5,437/2) x 0.061 young/pair.

Subadults® | Juveniles®

From the information in Table 6, the murrelet population in Conservation Zone 1 is comprised of
approximately 95.2 percent adults, 1.8 percent subadults, and 3.0 percent juveniles. For this
analysis, the density and distribution of murrelets in the CPS Subunit are assumed to follow the
overall composition of the predicted 2008 population structure in Conservation Zone 1 (Table 6).

Methods

Murrelets commonly occur in the marine environment in flocks that vary in size and by season
(Speich et al. 1992; Nysewander et al. 2005, p. 65; Falxa et al. 2008). The distribution of
murrelet flocks in Puget Sound also appears to vary by season (Speich et al. 1992; Nysewander
et al. 2005, p.68).

Murrelet summer density varies considerably temporally (within and between years) and
spatially in Puget Sound. To best address the temporal variation in the exposure analysis, we
approximated the murrelet density during the Action based upon applying the historical
contribution of each stratum to the current abundance estimates (Table 6) in Conservation Zone 1
in the following manner. We first computed the proportion of murrelets in each stratum for each
survey year (2001 to 2009) reported by Falxa et al. (2009) and then averaged the proportions
over the nine years, which resulted in the following proportions for strata 1 to 3: 0.51, 0.25, and
0.24. We then estimated the current abundance for each stratum based on the product of the
strata proportions from the nine years of surveys and the current overall abundance (Table 6).

For example, the Floral Point and Crescent Harbor EOD sites are entirely encompassed by
murrelet survey stratum 2 (CPS Subunit), where historically 25 percent of the murrelets in
Conservation Zone 1 occur. Based upon the current estimate of murrelet abundance in
Conservation Zone 1, stratum 2, we used an estimated abundance of 1,406 murrelets (5,623 x
0.25) for the 2009 summer as the basis for the exposure analysis. In comparison, Falxa et al.
(2009) estimated 822 murrelets in stratum 2 from the 2009 surveys (Table 7).
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Table 7. Reported murrelet 2009 breeding season (summer) density and population size (and 95
percent confidence interval) in Conservation Zone 1 and within each stratum (Falxa 2010 in litt.,
p. 11).

' Mean Coefficient Me_an Popu_lation Size
Conservation Densit of Estimate with 95% ClI Survey
Zone 1 (Strata) (bir ds/kr?]'z) Variation M Area (km?)
(%Density) ean Lower | Upper

1 3.81 26.5 3,221 1,913 | 5,187 845

2 0.69 25.7 822 482 1,299 1,194

3 1.08 40.4 1,580 410 3,152 1,458

ALL 1.61 19.9 5,623 3,922 | 8,352 3,497

To approximate murrelet winter density, we developed an index using the results of winter
surveys reported by Nysewander et al. (2005) for the Puget Sound Ambient Monitoring Program
(1992-1999). Although Nysewander et al. (2005) did not report summer murrelet density, we
developed an index based on a close examination of the changes in seasonal abundance of
murrelets in Puget Sound reported from summer and winter surveys.

In summer surveys conducted by Nysewander et al. (2005), alcids comprised 5.9 percent to 14.6
percent (mean of 10.3 percent) of the summer marine bird populations over the eight summers in
the core survey area covered every year. Murrelets were one of the least abundant alcids
observed during the surveys, comprising just 1.5 percent of all alcids in the summer
observations.

An 8-year average density of 87.05 marine birds/km? was calculated from density information
reported by Nysewander et al. (2005, p. 10) for the northern two-thirds of the study area, an area
encompassing the EOD sites. We then multiplied the 8-year average by the maximum murrelet
occurrence rate of 0.219 percent (0.00219 is the product of 14.6 percent (0.146) maximum alcid
occurrence rate x 1.5 percent (0.015), the proportion of the alcids that were murrelets). The
result was an average maximum murrelet summer density of 0.190 murrelets/km? (87.05
birds/km? x 0.00219) for the 1992-1998 survey period. We then compared the maximum
summer density (0.190 murrelets/km?) to the maximum winter density (0.35 murrelets/ km?,
Nysewander et al. 2005, p. 65) and calculated a 1.84-fold increase (0.35/0.19) in winter density
over the summer density estimates as reported by Falxa et al. (2009).

The significant increase in the winter is likely due to murrelets from coastal areas of British
Columbia (outside the listed range of the species) and Washington (Falxa et al. 2009 report that
the Conservation Zone 2 summer population size of 1,267 murrelets: 95% CI =751 — 1,881).
We expect a significant number of murrelets, originating from the coastal areas of British
Columbia, Canada, winter in Puget Sound (Conservation Zone 1).

To ensure we best capture the spatial variability in murrelet abundance, we searched the primary
sample units associated with winter (Nysewander et al. 2005) and summer (Falxa et al. 2009)
murrelet surveys to determine if surveys have been conducted at or immediately adjacent to our
sites of interest (EOD Floral Point and Crescent Harbor). If it appeared that we significantly
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overestimated or underestimated our computed winter or summer mean abundance estimates
base upon a comparison with long-term sampling in the on-site or adjacent primary sample
unit(s), we then used the upper (when significantly underestimated) or lower (when significantly
overestimated) limits of the 95 percent confidence interval as the basis for the abundance
estimate.

Group Size and Number of Groups

Murrelet summer foraging groups occur most often in a flock size of two, with other flock sizes
(singles and flocks of three or more birds) less common (Merizon et al. 1997; Ramos 2009). In
order to assess murrelet risk, we elected to estimate of the size and number (density) of murrelet
groups in the affected Conservation Zones. The mean group size of murrelets is computed each
year for Conservation Zones 1 to 5 as part of the at-sea surveys for the NWFPEM (Falxa 2010 in
litt.). To estimate the number of flocks at either the Conservation Zone or stratum scales, we
computed the overall mean group size (Se) from the 2001 through 2009 annual group size mean
(corrected for observer detection bias due to group size) reported by Falxa (2010 in litt.). This
resulted in an overall, 2001-2009, mean group size of 1.73 (n = 9) in Conservation Zone 1, with
the upper 95 percent level of 1.79 and lower 95 percent level at 1.67. The observed range of
average group size was 1.59 (2001) to 1.82 (2003).

Due to the low variation in mean group size between years, we estimated the number of murrelet
groups at the Conservation (i.e., from the population size reported in Table 6) or within a given
survey strata (i.e, from the reported strata densities in Falxa 2010 in litt.) based upon a 1.73
mean group size. We estimate that 813 murrelet groups (1,406 murrelets/1.73 murrelets per
group) occur in stratum 2 for the 2009/2010 breeding cycle. We believe this may significantly
overestimate the group density at Crescent Harbor, but is a reasonable approximation of the
group density at Floral Point. A six-month summer season was established to generally
correspond to the breeding season that begins in April and ends in September.

Although murrelet group sizes probably increase during the winter, we decided to use the
summer mean group size for the winter because we could not find adequate information to
generate a group size estimate. We also were unable to compute winter group density estimates
at the scale of the survey strata in Conservation Zone 1 because murrelet winter distribution
differs significantly from summer distribution. Thus, using a winter abundance of 10,346
murrelets (5,623 murrelets x 1.84), we estimate that 5,981 groups (10,346 murrelets/1.73
murrelets/group) occur in Conservation Zone 1 during the winter. We believe this is a
reasonable approximation for winter group density at both EOD sites. We define the winter
season as October to March. Using this information, we then computed the summer and winter
flock density (flocks/km?) from Equation 1.

Equation 1:  dsock = [(n0)/(f)] / (as)
Where dock is the group density (flocks/km?): n; is the annual population size (#

murrelets) during year t in the stratum of interest; f is mean group size in season x; and a
is the area of stratum s (km?).
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We further checked our estimates for winter murrelet abundance based upon a comparison with
the murrelet densities reported by Nysewander et al. (2005). From this comparison, we
determined that our use of an overall winter abundance of 10,346 murrelets for Conservation
Zone 1 (2.96 murrelets/km?) in the vicinity of EOD Floral Point and EOD Crescent Harbor is a
reasonable approximation of the actual winter density. Winter murrelet density information from
Nysewander et al. (2005) suggests winter density is typically within the range of 1.0 to 3.0
murrelets/km? at both EOD sites.

Likelihood of Occurrence

We used a Poisson probability model based upon murrelet group density in the stratum 2 to
evaluate the likelihood of one or more murrelet flocks occurring within a given critical field.
The Poisson probability model depends upon a (Poisson) process that operates continually over
some time or space where determining the likelihood of a “success,” referred to as an encounter,
is the output of interest (for a more thorough discussion, see Ewart et al. 1974, pp. 175-193).
The model is ideal for rare events that occur randomly over time or space when all that is known
is the average number of occurrences of some event of interest during some specified time
period.

In this analysis, murrelet foraging groups were viewed as a Poisson process with an average
group density (groups/km?, represented by &) of birds foraging in Puget Sound®. Different values
for A (group density) were used for the winter and summer periods as defined above. The sizes
of critical fields associated with the periodic EOD training (explosives) were treated as
independent events, each having a probability of an “encounter” (i.e., containing 0, 1, or more
murrelet individuals or murrelet groups foraging within some predefined area at the time of the
explosion). In this case, we defined any murrelet encounter with a high underwater SPL as a
“murrelet encounter”.

Equation 2 was used to estimate the seasonal probabilities of 0, 1, 2,...x groups occurring within
an area of interest in murrelet survey strata 2 or 3.

Equation 2: fo (XA, t) =) e ]/ x!

where f, is the probability of x =0, 1, or 2 flock encounters; e is the natural
logarithm base approximately equal to 2.7183; A = the mean number of flock
encounters within a critical field; and t = the number of time units under
consideration (Ewart et al. 1974, p. 189,190).

Defined in this manner, At is the mean number of flock encounters within a given critical field
for t units of time representing the duration exposure to the high SPL. For example, whent=1
second, the mean number of flock encounters is equal to A (i.e., At = 1) and the flock encounters
for each season are derived from the seasonal (winter or summer) group density (group/km?) x
ensonified (km?). The duration of an acoustic event from an explosion is less than one second,
therefore the time element has no effect in the function.

® We determined observation data (n=1,039) provided by Dr. Martin Raphael (2010 in litt.) on murrelet group size in
the San Juan, Islands of Puget Sound represented a Poisson distribution.
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To assess the likelihood of murrelet exposure as described above, the following assumptions
were made about murrelet foraging bouts:

e murrelets were assumed to occur at random points in space (but remain spatially
constrained to the spatial unit under evaluations during the time it takes for the sound
energy field to reach ambient levels;

e any occurrence of a murrelet flock is independent of all other murrelet flocks;

o there was a zero chance of two or more flocks occurring in the same spatial unit (i.e., two
flocks will not be foraging at the same location at the same time) during one acoustic
event; and

e ) remains constant throughout the given season of interest (i.e., there is a constant mean
number of flock encounters for the winter and a separate mean for the summer).

Although underwater sound pressure waves can continue for distances exceeding several
kilometers (depending on the wave characteristics, frequency, source levels, etc.), it is of
foremost interest to predict the probability (p), which always has a value of 0 >p <1.0. We
treated results where p > 0.1 as an “encounter”” and values of p < 0.1 were treated as a “miss”.

We use a probability of 10 percent as the point at or above which we consider murrelets
“encountered”. The basis for the use 10 percent is described the FWS 2008 Biological Opinion
(FWS #13410-2009-0020) on the U.S. Navy’s proposed Explosive Ordnance Disposal Training
at Crescent Harbor (U.S. Fish and Wildlife Service 2008, p. 99).

The shape, size, orientation, and location of the underwater sound fields are determined by the
energy magnitude at the source (dB) and the charge depth of the sound sources. Determining the
probability of a murrelet foraging group encountering an underwater sound wave requires
explicit knowledge of ensonified volumes within the foraging depth of murrelets. To reduce this
three-dimensional complexity, the following simplifying assumptions were adopted:

e The directivity of the energy field from the charge is omnidirectional,

e The charge detonations occur at depths of 95 ft (at Crescent Harbor EOD) or 60 ft (at
Floral Point EOD). The maximum foraging depth of murrelets is approximately 154 ft
suggesting that murrelets could forage within the entire water column at Crescent Harbor.
Assuming omnidirectional wave propagation, the energy field propagating through the
forage zone resembles a cylinder-shaped sound field with a horizontally-growing
diameter.” The cylinder “top” is defined by the water’s surface and the bottom of the
cylinder corresponds to the sea floor.

¢ Due to the short-duration of the acoustic events under consideration in this consultation
(less than 1 second), the mean subsurface density of murrelets within a given critical field
(i.e., the mean number of murrelets below the water during the underwater detonation) is
less than the surface density because not all murrelets are expected to be foraging during
the short duration of the blast.
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Applying these assumptions we constructed a conceptual spatial frame upon which we could
simulate a murrelet encounter for the purposes of quantify the number of birds that might be
exposed during EOD training exercises. To complete the simulation of the exposure scenario,
we had to compute the likelihood (probability) of a murrelet encounter while foraging based
upon the species foraging behavior and the Navy’s proposed pre-detonation surveys for
murrelets and marine mammals.

Murrelet Foraging Behavior

Murrelets spend a considerable amount of time on top of the water (not foraging) in any given
day, protecting them from being injured by a damaging SPL. However, murrelets are also
aggressive feeders during a typical, 30-minute foraging bout, spending up to 22 minutes of the
bout (72 percent) foraging (submerged).

Pre-detonation Surveys

The Navy proposes to conduct pre-detonation surveys for murrelets and will delay or suspend the
EOD exercise if/when murrelets are observed within 500 m of the charge location. Although the
intent is to avoid murrelet exposure by suspending the EOD exercise until the zone is certified as
“clear” of all priority resources, wildlife surveys are rarely 100 percent effective at detecting the
target organism. In a previous Opinion (U.S. Fish and Wildlife Service 2009, p. 100), the FWS
evaluated the effectiveness of the Navy’s pre-detonation survey protocol:

“Using data from Evans Mack et al. (2002), we evaluated the Navy’s murrelet
survey protocol methods (including 2 observers, transect width of 100 m, boat
speed equal to or less than 10 knots per hour, and two boats surveying in pattern
designed to cover entire area twice), and determined that the probability of
detecting a single murrelet would likely range from about 0.78 to 0.95. We took a
conservative approach and assume the probability of detection is 0.78.

Therefore, we will assume that 78 percent of the murrelets that may occur within
the range where injury could occur will be detected during the survey and 22
percent will go undetected, and therefore may be subject to mortality and/or
injury.

The Navy’s murrelet survey method is designed to be implemented prior to the
charges being set. All of the charges will use a manual detonation, which can
have a lag time of up to 10 minutes, when the detonations cannot be halted and
during which murrelets could enter the observed zone and be subject to mortality
and/or injury. We have no method under which we can estimate this number of
murrelets, but will assume these birds are accounted for in the 22 percent
undetected murrelets.”

® The Navy’s EOD detonation capability now has an option of being manual or command generated. Command
generated detonations do not have a 10-minute delay. We assume the Navy may initiate a detonation by either
means.
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Based on this prior evaluation, we assume the murrelet survey protocol has a detection rate of 78
percent. For the purposes of simulating the exposure of foraging murrelets, we therefore assume
that murrelet density in the survey area is 22 percent of the expected density of murrelets
underwater during a foraging bout. Although the proportion of murrelets (singles or groups)
foraging at any given moment during the day is highly variable, we adopted a low risk approach
in this model and assumed all murrelets would be engaged in a foraging bout.

The sizes of the various injurious energy fields were determined by Equation 3, using radii
associated7with a given attenuation distance to three threshold values: 41 Pa-sec, 180 dBpeax, and
150 dBms'.

Equation3: A=nr?

where A is the area of a circle (km?); @ is approximately equal to 3.1428; and r is
the radius (km) of attenuation distances to a received level below the threshold
values of interest.

Equation 3 was substituted for t in Equation 2, resulting in Equation 4. Equation 4 then could be
used to calculate the likelihood of a murrelet encounter (individual or flock) given the murrelet
density.

Equation 4: o, A) = [ m rA) e ]/ x1
(note: the symbology r”2 in the exponent of e is used to denote r?).

The general form of Equation 4 was then simplified (Equations 5 - 8) to calculate the
probabilities of 0, 1, 2, 3, etc. murrelet flocks encountering a sound wave within the area of a
critical field derived from Equation 3 using the attenuation distances from Table 12 for the radius
r.

Equation 5: P(X=0) =¢™* (Probability of 0 flocks)
Equation 6: P(X=1) = () e™ (Probability of 1 flock)

Equation 7: P(X=2) = (4% (e™)/2! (Probability of 2 flocks)
Equation 8: P(X=3) = (1) (e™)/3! (Probability of 3 flocks)

where x = the number of expected murrelet encounters given p = Azr? (the
expected seasonal murrelet encounter rate within the circular area of interest with
radius r corresponding to a given attenuation distance to the threshold values in
each stratum). Note that p will be adjusted (reduced) by 78 percent for survey
effectiveness and 28 percent for murrelets on the surface (not foraging).

" The critical threshold of 150 dB,y is assumed to be within the assumed hearing range of the marbled murrelet (0.8
to 12.5 kHz).
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Rather than reporting the probability for each group size, we elected to report the sum of all the
probabilities, referred to as the cumulative probability, for all values of X = 1 through 5 (at X =
5, the values for P were effectively zero at 10“. The final informational need to simulate
murrelet encounters is to establish the attenuation distances for each threshold value. To
accomplish this required the use of different mathematical models for each threshold.

Modeling Transmission Loss

We modeled the distance (m) required for an impulse (Pa-sec) to attenuate (horizontally) to 41
Pa-sec using the weak shock theory equations from Richardson et al. (1995). Using a C4 charge
sizes of 1.5 Ibs (at Floral Point EOD) set at 18.3 m (60ft) deep and 2.5 Ibs (at Crescent Harbor
EOD) set at 30 m (95 ft) deep, and applying a correction factor for C4 (the Richardson et al.
(1995) formulas are based on trinitrotoluene), we calculated the attenuation distances in meters.
The injury zone for a 2.5-1b charge (proposed for use at Crescent Harbor) was calculated to be
210 meters and a 1.5 Ib charge (proposed for use at Floral Point) was calculated to be 150 meters
(Table 8).

The following assumptions were applied in this modeling exercise to assess lethal effects:

e charges are placed on the seafloor;
o seafloor depth is fixed along the horizontal attenuation vector and equal to charge depth;

e we assumed the acoustic energy would be constant throughout the vertical water column
at a given horizontal range from the detonation; and

o the horizontal attenuation vector was used as the “worst case” exposure distance for
murrelets. We recognize that murrelets likely do not forage on the seafloor, but for the
purposes of modeling the attenuation distance, we used this distance as a basis to
approximate murrelet encounter rates in our simulation model.

Charges set in deeper or shallower water will change the attenuation behavior of the pressure
wave. Cavitation or refraction can change the impulse and lead to an increased impulse level at
greater distances before the pressure attenuates beyond the injury zone levels. Because of the
complexity required to adjust for bottom placement, cavitation and refraction, we assumed the
sea floor composition and water depth do not vary throughout the training areas.

As stated in the Effects section for bull trout, the Navy has indicated that some of EOD
training exercises each year will likely involve surface detonations for floating mine
demolitions training, so the actual number of underwater detonations during the 5-year
NWTRC training plan is expected to be less than 20 detonations. However, we
considered the greater risk of all 20 detonations being underwater as the reasonable
worst-case scenario for the purposes of assessing the risk to murrelets from EOD
exercises.
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Table 8. The modeled underwater attenuation distances (m) to three sound pressure level
threshold values as a function of charge weight (Ibs) and charge depth (m) for high explosive
ordnance (C4) used (underwater) in EOD exercises associated with the 2010 - 2015 Northwest

Training Range Complex.

Distance (m) from Charge Location to SPL
ch Weidh - Thresholds
arge Weight arge 180 dB 150 dB rms
(Ibs of C4) Depth (m) | 1 Pa-Sec e Lpbn re 1 Pa
1.5 Ib (Underwater) 18.3 150 10,000 Unknown
2.5 Ib (Underwater) 30 210 11,500 Unknown
2.5 Ib (Surface) 3 8 Unknown Unknown

The Navy computed the theoretical transmission distance to 180 dByeax for the 2.5-Ib and 1.5-1b
detonations based upon acoustic wave spherical spreading loss, a detonation depth of 80 ft, and a
263 dBpeax source level. Transmission loss based upon spherical spreading was deemed a more
appropriate means to determine the distance to 180 dB.ax than the weak shock theoretical
equations of Richardson et al. (1995) (Dr. Martin Renken, U.S. Navy, pers. comm. 2010). The
distance required for transmission loss to attenuate to the threshold value of 180 dBpeak was
calculated to be approximately 10 km for the 1.5-1b charge and 11.5 km for the 2.5-1b charge
(Renken, U.S. Navy, 2010). Land features in Puget Sound are considerably less than 10 km
from the detonation locations so we expect the spherically spreading energy waves to be
interrupted by land in some directions.

The information provided by the Navy and the scientific data available to us were insufficient to
derive a dBpeak measurement for the floating mine demolitions, which may also result in SPLs
that exceed 180 dBpeak Within some or all of the action area, and the distance to 150 dBmns for
either the underwater or surface detonations. We assume, however, surface detonations using
1.51b or 2.5 Ib charges will attenuate to 180 dBpeak at some distance significantly less than the 10
km due to the shallow depth of charge placement (approximately 1 meter) and the distances to
150 dBms are greater than the distances to 180 dBpea (Table 8).

Simulated Exposure to Lethal or Serious Injury-producing Pressure Levels

The reader will recall we estimated the number of murrelet groups at the Conservation Zone or
strata scales (Tables 11 and 12) based upon a 1.73 mean group size. In stratum 2, we estimated
that 813 murrelet groups (1,406 murrelets/1.73 murrelets per group) occur during the six-month
summer breeding season (April — September) and 5,981 groups (10,346 murrelets/1.73
murrelets/group) occur in Conservation Zone 1 during the winter. The winter season was
established from October to March.

Using the cumulative probability for X =1, 2, ...,5 from Equations 5 — 8 , the likelihood of
murrelet flocks encountering lethal or serious injury-producing levels of sound pressures (i.e., 41
Pa-sec), during the summer and winter, were all less than 0.10 when pre-detonation surveys were
used. In other words, based upon the calculated attenuation distances of 150 m at Floral Point
and 210 m at Crescent Harbor (to 41 Pa-sec), we do not expect murrelets to be encountered when
the Navy conducted surveys prior to EOD training (with 1.5-1b and 2.5-1b C4 charges). The
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winter and summer cumulative probability (i.e., for one or more murrelet encounters) at Floral
Point were 0.019 and 0.008 and at Crescent Harbor were 0.037 and 0.015 based on the
population sizes of 10,341 murrelets in Conservation Zone 1 in the winter and 1,406 murrelets in
the summer within strata 2 of Conservation Zone 1 (Figure 5 and Figure 6). These probabilities
suggest that murrelet encounters are unlikely during an EOD exercise at either EOD site, but
note that these probabilities also suggest murrelets encounters at Crescent Harbor were twice as
likely.

The influence of the pre-detonation surveys had a large effect on the likelihood of a murrelet
encounter (Figures 13 and 14). In some cases the likelihood of encountering murrelets is low (<
0.1) during the summer even without the use of pre-detonation surveys at EOD Floral Point and
Crescent Harbor. This was also true at EOD Floral Point during the winter at 150 m (1.5 Ib
charge), although the margin of lower risk during the winter was nominal. Nonetheless, Figures
5 and 6 illustrate the value of pre-detonation surveys in reducing the likelihood of an encounter,
resulting in a significantly lower exposure risk for murrelets.

Simulated Exposure to Sub-lethal Injury and/or Behavior-modifying Sound Fields

Clearly the magnitude of the blast overpressure decreases as the pressure wave moves away from
the detonation site, resulting in received levels that vary with the distance from source. In the
following analysis, we describe the risk of exposure to 180 dByea SPLs for murrelets in Puget
Sound (Conservation Zone 1).

In quantifying the extent of exposure for murrelets to sound fields in excess of 180dByeax, We
determined land features in Puget Sound were at a considerably shorter distance than the distance
necessary for the sound levels to attenuate to 180dBpeax (from 1.5-Ib and 2.5-1b charges). So high

The Likelihood of Murrelets Encountering Lethal Underwater SPLs during Summer Foraging
as a Function of Distance (m) from EOD Detonation Sites
Conservation Zone 1, Stratum 2
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Figure 13. The relationship between the likelihood of murrelet encounters with energy levels
exceeding 41 pa Sec during the summer as a function of the horizontal distance (m) from the 2.5-
pound underwater explosive charges (C4) used in the Navy’s EOD training exercises.
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The likelihood of Murrelets Encountering Lethal Underwater SPLs during Winter Foraging as
a Function of Distance (m) from EOD Detonation Sites
Conservation Zone 1

0.7000

0.6000 e

0.5000 e

0.4000 *

0.3000 -
0.2000 -
- /
-
-
-
0.1000 =

0.0000

Likelihood of Encounter
.

f T T T T T T T T
30 60 90 120 150 180 210 240 270 300 330 360 390 420 450 480 510
Meters (m)

| = = NOSURVEYS SURVEYS |

Figure 14. The relationship between the likelihood of murrelet encounters with energy waves

exceeding 41 pa Sec during the winter as a function of the horizontal distance (m) from the 2.5-
pound underwater explosive charges (C4) used in the Navy’s EOD training exercises.

Shock waves from the detonations are expected to be interrupted by land masses in some
directions before attenuating to 180 dbpeak Or 150 dBms. To estimate the number of murrelets (by
season) that reasonably could be exposed to this stressor, we estimated the surface area
ensonified to represent the extent of potentially injurious sound (180 dByeax). We estimated the
area by creating a polygon with 10 km radii at EOD Floral Point and 11.5 km at EOD Crescent
Harbor extending from the approximate detonation site using ArcGIS (v. 9.3). This resulted in
an area approximately 60 km? at Floral Point EOD and 96 km? at Crescent Harbor.

Multiplying each area of influence (60 km? and 96 km?) bzy the computed summer murrelet
(surface) density of 1.17 birds/km? (1,406 birds/1,197 km? for stratum 2, Conservation Zone1)
results in an estimated 90 murrelets present at Floral Point and 113 murrelets present at Crescent
Harbor for each EOD event (Table 9). To estimate the number of murrelets present for each
EOD event during the winter, we first computed the winter density of 2.96 birds/km? by
increasing the summer Conservation Zone density (5,623 birds) by a factor of 1.84 and then
divided by the total survey area associated with Conservation Zone 1 (10,341 birds/3,494 km?).
Each influence area was then by multiplied by the winter density to arrive an estimated 178 birds
at Floral Point and 285 birds at Crescent Harbor (Table 9).
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Table 9. The overall density and number of murrelets estimated to be present within the EOD
Ranges (Floral Point and Crescent Harbor) potentially affected by each underwater detonation
during summer and winter.

Number and Density of Murrelets

Affected C4

EOD Range | Area (km?) | Charge | S%Jmeer Season = V_V'?ter Season
>180 dBpeak | Size (Ibs) e(r;]s;:ty Number of e(r:]sc:ty Number of
birds/km?) Murrelets birds/km?) Murrelets
Flo_ral 60 L5 %0 o
Point
C t 1.17 2.96
rescen 9% e 113 -
Harbor

"The computed density of murrelets in Stratum 2, Conservation Zone 1 was derived as follows: (5,623 birds x 0.25)
+ (1,197 km?) = 1.17 birds/km?.

*The estimated density of murrelets for Conservation Zone 1 (1.61 birds/km?, Falxa et al. 2009) is projected to
increase by a factor of 1.84 (1.61 x 1.84 = 2.96).

Murrelets exhibit foraging patterns that vary seasonally and daily. Generally, murrelet foraging
peaks during the morning and evening periods and foraging bouts last about 30 minutes with
approximately one hour between bouts. Previously, in the exposure analysis for injury/mortality,
we assumed all murrelets would be actively foraging and therefore 72 percent of the murrelets
would be underwater. However, it is unreasonable to assume at this larger scale that all or even
the majority of murrelets are continuously foraging throughout the day. Therefore, we were
unable to develop an estimate of the number of murrelets that may be foraging during an EOD
event. The murrelets within the areas ensonified by each detonation which are not actively
foraging (i.e., birds not foraging will be engaged in loafing, preening, or other surface-oriented
social behaviors) are not at any risk of injury.

Quantifying the Number of Murrelets with Threshold Shift

The number of murrelets, magnitude, and duration of the injury involves significant complexity,
depending on such factors as the murrelet density underwater (determined by time of day,
season, forage availability, etc.), distance from the detonation site, spectral characteristics of the
acoustic stimulus, underwater orientation of foraging murrelets with respect to the pressure wave
and the received (exposure) level (Saunders and Tilney 1982; Gisiner et al. 1998). Due to the
high uncertainty in quantifying these factors, we could not develop a reliable estimate for the
number of murrelets that may experience a threshold shift.

The Navy proposes conduct up to 20 EOD training events during the 5-year training plan, with a
maximum of one event per training area per year during the peak of winter period (December to
February). With repeated training events in the same area along with the potential for murrelets
to have fidelity to foraging areas (presumably at some temporal and spatial scale), the possibility
exists that murrelets may have repeated exposures to underwater sound fields.
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Murrelets also have a high level of daily, seasonal, and/or yearly variability in movement
throughout Puget Sound (see Bloxton and Raphael 2009, p. 4) that makes it impossible to assess
the temporal or spatial scale of forage site fidelity if it occurs. Therefore, multiple exposures
based upon the repeated exposure of foraging murrelets to high underwater SPLs was impossible
to verify with the existing information in this consultation. However, with the low frequency of
EOD events (two per year at each EOD range with up to 10 events at each location during the
five-year action), our assumption is that multiple exposures are unlikely.

Active Sonar

Another type of underwater acoustic disturbance that murrelets may be exposed to is from the
Navy’s use of active sonar. Navy exercises involving the use of mid (MF) or high frequency
(HF) active sonar will occur exclusively in the Ocean Subunit (W-237) and associated with anti-
submarine warfare training. There is a potential for murrelet exposure (in Conservation Zones 2,
3, and 4) to MF or HF sonar signals, which could result in physiological or behavioral effects
(see U.S. Fish and Wildlife Service 2010).

Sonar signals occur as pulses over a broad range of frequencies. This acoustic disturbance is an
adequate stimulus to excite the ear in vertebrates (Northcutt and Gans 1983) or sensory organs in
fishes (lateral line or neuromasts) and invertebrates (gravity, pressure, tension, and motion
detectors or chordotonal organs) (Sebeok 1977). Thus, we assume a murrelet’s perception of a
sonar pulse is not confined to hearing alone (i.e., an animal can also perceive (feel) the small
particle displacement component of the induced mechanical disturbance of sonar).

The Sonar systems employed by the Navy during training are frequently from surface ships
(AN/SQS-53C and 56C) and sonobuoys (AN/SSQ-62). Sonar systems are also used training
exercises with torpedos, detecting mines in mine warfare, and target tracking/signal uplink
within the PUTR®,

The likelihood of murrelet exposure to active Sonar at received levels that may be of concern to
murrelet behavior (150 dB rms re 1 pPa) is extremely unlikely given the spatial separation of
over 10 miles between murrelet occurrence in the coastal zone (of the CPS Subunit where
Conservation Zones 2, 3, and 4 occur) and the anticipated training locations where Sonar may be
used. As a result, we expect the overall risk of murrelet exposure to Sonar to be discountable.

High Intensity, Airborne Sound

There are three general categories of training exercises that are expected to result in murrelets
being exposed to above-ambient sound in, only Conservation Zones 1 and 2. Aircraft overflights
associated with Navy training in W-570 and W-93 are 13.8 miles (22.2 km) off the coastlines of
Oregon and California, which is over 10 miles (16 km) past the species outermost seaward
extent. Therefore, we do not expect exposure to murrelets in Conservation Zones 3 and 4. The
three general training activities are:

& Although the Navy has not identified the location of the PUTR or mine avoidance training field, the Navy has
indicated the locations will not be in the Olympic Coast National Marine Sanctuary, which occupies nearly the
entire coastal zone of Washington within W-237, 25-50 miles seaward of the coast.

90



e Aircraft overflights associated with 1) arrivals and departures at Ault Field®, 2) air to air
warfare and strike warfare training (non-firing HARMEX) in the Olympic MOA during
the nesting season, 3) anti-submarine training (0-3 nm from coast), 4) the PACNW
OPAREA (W-237) 3-12 nm (3.5 — 13.8 mi) from coast, and 5) non-warfare training in
Puget Sound (i.e., intelligence, surveillance, and reconnaissance) at the Seaplane Base
survival area;

e Demolition training (i.e., C4 detonations, detonation cords, hand grenades, fuses, igniters,
blasting caps, and 0.50 caliber blank firings) at the Seaplane Base DTR and Bangor DTR
(we do not expect murrelets to be exposed to elevated sound from high explosive
ordnance used in training within the PACNW OPAREA due to the distance), and;

e Helicopters used during mine countermeasure training and special warfare training at
OLF Coupeville, Seaplane Base, and at EOD Crescent Harbor and Floral Point.

Aircraft Overflights

The frequency, duration, and intensity of murrelet exposure to aircraft (EA-6B, EA-18G, and P-
3) jets and helicopters depends upon the training location, training objectives, and aircraft type.
For example, the Navy proposes to fly fixed wing aircraft no lower than 6,000 ft msl over
Washington’s coastal waters (0-3 nm from shore) and then inland over the Olympic peninsula in
the Olympic MOA. In these areas, murrelets (in Conservation Zone 2) may be as close as 2,000
ft from jet aircraft flying over the peninsula during the nesting seasons (nesting habitat occurs up
to an elevation of 4,000 ft on the Olympic peninsula) or as close as 6,000 ft over murrelets
feeding in the coastal waters (out to 3 nm (3.5 mi) seaward of the coast) as aircraft transition
between W-237 and Olympic MOA.

Training area W-237 (3 nm to 250 nm off the coast) has a flight deck of 300 ft which at first
appears to present a potential exposure risk (strike and high SPLs) to murrelets in the coastal
waters between 3.5 to 5.0 mi. This exposure risk is limited to two training scenarios. One
involves aircraft transitioning between W-237 and the Olympic MOA and the other involves
aircraft training exclusively in W-237.

The Navy has informed the FWS that jet aircraft (EA-6B and EA-18G) egressing and ingressing
W-237 do not fly below 9,000 ft msl in murrelet coastal zone (3.5 to 5.0 mi seaward of the
coastline) given the higher flight deck of the Olympic MOA. Regarding training activities
within W-237, aircraft (i.e., P-3) historically train at a distance of 12 nm (13.8 mi) seaward of the
coast in order to avoid the risk of training missions inadvertently occurring outside the W-237
airspace. Thus, it appears that murrelets in this coastal strip (3.5 to 5.0 mi) are not at any risk of
exposure to high, above-ambient airborne sound levels based upon historical training practices in
the NWTRC. However, historical use of fixed or rotary winged aircraft in Puget Sound indicates
murrelets may be in close proximity to aircraft due to flight levels as low as the surface (R-

® The effects of high SPLs from U.S. Navy aircraft arrivals, departures, and touch-and-go training at Ault Field was
considered, in part, by the FWS separately from this action, finalized on 10 September 2008 (FWS #: 13410-2008-
1-0480).
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6701), 300 ft (e.g., Chinook MOAS), or 20 ft for rotary wing aircraft (e.g., helicopters
transporting divers for an EOD training event).

At takeoff, the Navy reports that jet aircraft generate a received SPL (at 1,000 ft) of 115 dBA and
hovering helicopters generate 90 dBA at 50 ft (U.S. Navy 2008b, p. 3.5-7). The SPLs from jet
aircraft during a sortie vary depending on the aircraft type and engine demand, with EA-6B and
FA-18 aircraft having a typical received sound level of 39 to 63 dBA at 4 nm (4.6 mi or 6.4 km)
from the aircraft in normal engine demand during training (U.S. Navy 2009a, p. 10).

Although precise estimates of received SPLs were not computed, we are certain that murrelets in
the coastal areas and/or inland nesting habitat of northwest Washington (Conservation Zone 2)
and in Puget Sound (Conservation Zone 1) will be exposed to aircraft-generated SPLs above the
normal variability in peak ambient SPLs (compared to ambient levels without the action). For
our analysis of murrelet response, we assume a maximum SPL exposure of approximately 115
dBA (for up to a maximum of 1 sec) during aircraft departures from Ault Field in Puget Sound.
For nesting murrelets, located in the forested environment under the Olympic MOA airspace, the
maximum exposure level is expected to be approximately 86 dBA. We derived this estimate
from the general correlation of a 6 dB increase for every halving of the distance. With a received
level of 63 dBA at 4.6 miles (24,288 ft) as the starting point (U.S. Navy 2009a, p. 10), we expect
the received levels from an aircraft at 2,000 ft above the forest canopy to be approximately 86
dBA (for up to a maximum of 1 sec).

The Navy indicates that the sound levels (dB) for the H-60 helicopter are 90 dBA at 50 ft (U.S.
Navy 2008b, p. 3.5-7). Because helicopter flight heights are at 500 ft or less, we expect
murrelets in Crescent Harbor and Floral Point could be exposed to elevated SPLs when a
helicopter is used to insert and/or remove divers for EOD exercises or other training.

Demolition Training

There are two general types of demolition training that produce in-air sound: demolition of
floating mines (in the water) at Floral Point and Crescent Harbor EOD ranges and land-based
demolition training at the Seaplane Base and Bangor DTRs. Although the Navy did not provide
an estimate of sound pressure levels created by the floating mine demolition training, we
anticipate that all murrelets on the surface within Floral Point and Crescent Harbor EOD sites at
the time of a detonation will be exposed to elevated SPLs. The scientific data available to us do
not readily enable us to derive a dBpeak measurement for these detonations. Without a dBpeak
measurement, we are unable to determine what the received levels (dBpeak) may be for murrelets
adjacent to the training locations. Therefore, we could not describe the potential effects of
whether or not murrelets (at the surface) may be susceptible to hearing injuries resulting from the
floating mine detonations.

However, the pre-detonation surveys have large influence on the likelihood of a murrelet
encounter (Figures 5 and 6). Within the 500 m radius survey area, likelihood of encountering
murrelets is low during EOD events. Thus, we conclude that the effects of airborne sound
originating from floating mine demolitions, hovering helicopters (and helicopter downwash or
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shrapnel from demolition of the floating mines) is discountable when pre-detonation surveys are
used at EOD Floral Point and Crescent Harbor.

In regards to land-based demolitions, a variety of training exercises and explosive ordnance are
expected to produce above-ambient SPLs including high explosives (C4), hand grenades,
detonation cords, fuses, igniters, blasting caps, and 0.50 caliber impulse firings. We focused our
analysis on sound transmission levels into the marine environment from the use of C4. Thus, we
consider here the sound exposure levels on murrelets from the use of 1.25 Ib (0.47 kg) (1,693
annual events) and 2.0 Ib (0.75 kg) (275 annual events) charges of C-4 at both DTRs in Puget
Sound.

In a sound attenuation study at the Seaplane DTR on Whidbey Island in 2000, the Navy recorded
sound levels (dBpeax at 2,000 ft) from detonated C4 (0.25, 0.5, 0.75, 1.0, and 5.0 lbs; U.S. Navy
2008b, p. 3.5-13). The 5.0 Ib (1.9kg) charge (at 2,000 ft/610 m) had the highest recorded SPL at
120-125 dByeax and the 1.0 Ib (0.45 kg) charge had a surprisingly similar SPL of 115 to 117.5
dBpeak (at 2,000 ft/610 m). The Navy conducted a similar study in 1993 on detonations of 0.5 Ib
(0.19 kg) charges at the Seaplane Base DTR. The results were similar as those from the 2000
study, with a reported SPL of 118.2 dByea at 2,200 ft (671 m) and 86 dBA at 18,000 ft (3.4
mi/5.5 km; U.S. Navy 2008b, p. 3.5-12).

For single impulsive sound events, the Navy reports in the DEIS (p. 3.5-13) that permanent
physiological hearing damage for humans can occur at SPLs greater than 140 dBA. Dooling and
Popper (2007, pp. 24, 25) report the same level for hearing damage to birds from a single
exposure, but the authors also include a lower level of 125 dBA for birds being exposed to
multiple acoustic events. Therefore, we based the exposure analysis of in-air sound on the
likelihood of murrelet exposure to SPLs > 140 dBA for single events and >125 dBA for multiple
events.

The Navy conducts land-based demolition training within containment shelters. The
containment shelters have four walls, approximately 8 ft high and 1 ft thick. The containment
shelter and other site characteristics such as the distance to water, presence of trees, buildings,
and/or terrain, are expected to influence the transmission of sound into the marine waters.

The DTRs are both located within forested settings. At the Seaplane Base DTR, where the Navy
proposes 1,850 detonations (1.25 Ib and 2.0 Ib) annually, the distance to water from the
containment shelter is 2,600 ft (792 m). The containment shelter at Bangor DTR is located
approximately 2,100 ft (640 m) from marine waters where an estimated 118 detonations (1.25 Ib
and 2.0 Ib) will occur annually.

Considering the Navy’s sound attenuation studies and the distance to marine waters of at least
2,100 ft, we expect the SPLs reaching the marine environment (at the shoreline) will not exceed
120 dBpeax at the Bangor or Seaplane Base DTRs. The sound levels recorded in the Navy’s 2000
study at the Seaplane DTR for a 5.0 Ib (1.9 kg) charge was 120-125 dBcax at 2,000 ft (610 m).
This data suggests that murrelets in marine waters, located 2,600 ft (792 m) and 2,100 ft (640 m)
at the nearest point from the containment shelters at the Seaplane and Bangor DTRs, will have
sound levels below 120 dBpea (maximum 2.0 Ib charge). Thus, although the nearly 2,000 high-
impulse SPLs annually will likely expose murrelets to high SPLs, it is unlikely that any will be
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exposed to the potentially injurious SPLs ( > 125 dBypeax) reported by Dooling and Popper (2007,
p. 25).

On the other hand, the murrelets within the marine areas adjacent to the DTRs will be exposed to
impulsive SPLs at levels that may be sufficient to induce measureable physiological (i.e., stress)
or behavioral effects. To estimate the number of murrelets exposed to these impulsive (< 120
dBpeak) SPLs, we assume the entire marine area adjacent to each DTR (96 km? and 239 km?;
(Table 9) will be ensonified with sound that may behaviorally affect murrelets in response to
each event.

Strike Risk

The Navy proposes a 55 percent increase, or 11,786 sorties annually within the Complex. Most
sorties will occur beyond 12 nm (22 km) and in excess of 3,000 ft (914 m) above sea level (U.S.
Navy 2008b, p 5-16). These sorties could pose a strike risk to marbled murrelets. The U.S.
Navy conducted a 3-year study of bird strikes involving Naval aircraft in several operational
areas from 2002 through 2004 (US Navy 2008b, p. 3.10-24) and found that Navy aircrews
experience approximately 596 wildlife/aircraft strike events annually in the United States, with
most encounters involving songbirds (32 percent), seabirds (22 percent), shorebirds (18 percent),
and raptors (17 percent) (U.S. Navy 2008b, p. 5-19). Although none of the reported strikes
involved murrelets, the Navy did not report the total number of flights nor the number of sorties
that occurred in the range of the murrelet. These data suggest that murrelets can be considered
“at risk”. The strike risk may increase if the proposed increase in sorties results in a higher
occurrence rate of lower level aircraft over marine waters.

Assessing the strike risk for birds involves a complex interaction of several factors such as
aircraft speed and altitude, time of day, weather conditions affecting visibility, and the seasonal
or daily flight behavior of the species in question. However, the problem fundamentally involves
assessing the overall likelihood of Navy aircraft intersecting airspace where murrelets most
frequently occur in flight. We expect murrelets are most frequently in flight as a result of
transiting between foraging areas and/or nesting habitat or perhaps to a lesser degree, occasional
flushing in response to approaching vessels (recreational, commercial, or military) or aircraft.

To address murrelet strike risk, we compared potential murrelet flight patterns (airspace position
and timing) in the Action Area with the most likely flight paths of Navy aircraft associated with
the proposed training exercises. We considered murrelet flight patterns only in those areas
within the Action Area where murrelets may be at risk of a colliding with Navy aircraft. We
then considered whether Naval aircraft would reasonably be expected to encounter (strike) flying
murrelets based upon the species’ normal (or expected) flight pattern within the Action Area.

Murrelet Flight Behavior

We assume murrelet flight behavior is predominately associated with foraging and flights to nest
sites (nest site attendance and selection, incubation, and rearing). Most of the scientific research
on murrelet flight behavior is concerned with describing the timing, frequency, and location of
breeders flying to inland nest sites during the nesting period (Nelson and Hamer 1995; Peery et
al. 2004; Cooper et al. 2001; Cooper et al. 2006).
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We infer from (Nelson and Hamer 1995, p. 65) that murrelets generally fly at lower heights and
at slower speeds in foraging/courtship habitat where they are often flying near the water surface
compared to when the species is transiting to nesting habitat over land (Hamer Environmental
2009, p. 3). As the murrelets transition from marine habitat to nesting habitat, we assume that
murrelets gain altitude as they fly over shoreline areas to achieve the necessary heights in a
tradeoff between obstacle avoidance, predator detection, and energy expenditure. The reverse
altitudinal change likely occurs when murrelets transition from nesting back to marine habitat,
though the flight path is likely variable.

For analytical convenience, we established three broad categories of airspace to assess the risk of
murrelets encountering Navy aircraft:

1) marine areas, where murrelets generally fly at lower altitudes and at slower speeds;

2) transitional areas, where murrelets gain altitude as they transition to the terrestrial
environment; and

3) inland areas, where murrelet flight heights above ground generally increase to adjust for
elevational changes to reach breeding habitat .

The height that murrelets fly above ground or water and the speed of the aircraft are perhaps the
most important risk factors to consider in assessing the likelihood of Navy aircraft colliding with
murrelets. Hamer Environmental (2009) compared the flight heights of murrelets flying over a
coastal plain in northwest Washington (transitional area) in northwest Washington and a ridge
top (inland area) in southwest Washington using a radar-based survey during the 2008 and 2009
winter seasons and 2007 to 2009 breeding seasons. Based upon radar signatures believed to be
murrelets, the coastal plain birds had a mean height of 226.1 m AGL (sd = 76.0m, n=282), or
about 80 m lower than birds at the ridge top location (mean = 307.9 m, sd = 181.3 m, n=38;
Figure 15; Hamer Environmental 2009, pp. 48-49). The maximum height of “murrelet-type
targets” recorded at the transitional site (Queets River) was approximately 650 m and at the
inland site (Radar Ridge) was approximately 850 m (Figure 15).
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Queets River, Olympic Peninsula Radar Ridge Wind Resource Area
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Figure 15. Height profiles of the Queets River murrelet-type targets and those
collected at the RRWRA. Maximum likelihood fitted gamma curves were added to
each distribution to highlight differences in shape and spread (from Hamer
Environmental 2009, p. 49).

We assume that flight altitudes of these murrelets over marine waters would be lower as they
descend from these altitudes to foraging sites. Alcid flight patterns in the marine environment
are often closely associated with the surface of the water. Murrelets likely have adapted this
behavior of low flight heights in the marine environment to optimize energy expenditure
(increased lift from the interaction of air currents and wave action) or to maintain close
proximity to the water for escape from aerial predators through diving. Although data are
lacking, we assume that flight altitude over water would be generally less than 500 ft.

The Likelihood of Navy Aircraft Striking Murrelets
Helicopters

EOD training at Crescent Harbor and Floral Point and Search and Rescue Training at the
Seaplane Base survival area (northwest corner of Crescent Harbor) depend upon the insertion
and extraction of Navy teams with helicopters typically originating from Ault Field (NAS
Whidbey Island). Helicopter use occurs only during weather conditions of good visibility for the
safe operation of the aircraft. On approach for EOD exercises, helicopters fly at approximately
500 ft msl at 70-80 knots (92 mi/h or 148 km/h) for several minutes until over the EOD site
when the helicopter hovers 20 ft above the water to insert the swimmers. The helicopter is then
flown to the survival area (NW shoreline of the Seaplane Base) to maintain a safe distance
during the detonation. Helicopters are operated in a similar manner for a search and rescue
operation, except they land on the ground to rescue the survivor.

Floral Point and Crescent Harbor are considered to be murrelet foraging sites, where helicopter
flight heights are expected to be less than 500 ft (152 m) above the water, so we assume
helicopters will occur within murrelet airspace. However, helicopter use is fair-weather
dependant; therefore, we expect murrelets that are in flight coming in or out of the area will be
able to see the helicopter and avoid collision. Murrelets will flush off the water if a perceived
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threat, including helicopters, comes from a great enough distance to allow them to take flight
(Agness et al. 2008). Based upon the moderate flight speeds of helicopters and the capability of
murrelets to visually detect helicopters, we expect in-flight murrelets or murrelets on the water to
perceive the threat (helicopter) and avoid a collision. Therefore, murrelets are not likely to
collide with the helicopter.

Jet Aircraft

The Navy’s proposed use of jet aircraft will occur within airspace used by murrelets in the
Action Area, resulting in a potential strike risk for murrelets. The exposure risk is limited to the
designated airspace for the Chinook A and B MOAs and Ault Field.

The Chinook MOASs, located in the CPS Subunit, intersect 192 km? of surface area connected to
“murrelet” airspace. The Chinook MOAs (A and B) serve as an alternate training area, though
they are typically used just one day per year. These MOAs have a 300-ft (91 m) lower limit,
well within the airspace used by murrelets.

Located approximately 12 miles north of the Chinook MOAs is Ault Field, where the majority of
the Navy aircraft are based. An estimated 11,786 annual sorties will be needed to meet Navy
training needs, most of which will depart and arrive at Ault Field. We infer from the strike
records reported by Schaefer et al. (2007, p.3) that the risk for murrelet collisions with Navy
aircraft is highest around Ault Field because most bird strikes occur within or immediately
adjacent to airport air operations areas.

We assume murrelet collision risk on any given flight is largely determined by jet speed and the
flight duration within 500 ft (152 m) of the water. Aircraft departing from Ault Field typically
require a rapid ascent at takeoff, indicating aircraft spend little time (assumed to be less than 5
seconds) to pass through the 0 to 500 ft range of highest collision risk. Given this very short
duration, we expect the collision risk to be extremely low for departing flights. However,
approaching aircraft spend comparatively more time in murrelet airspace as jet aircraft are
descending on approach to Ault Field. Descending aircraft maintain lower flight altitudes™ and
a more horizontal trajectory, resulting in a longer duration in murrelet airspace.

However, we expect the majority of murrelets in the vicinity of Ault Field to be flying well
below the flight paths of aircraft approaching Ault Field. While there is no nesting habitat on
Whidbey Island, murrelets could transit at times from marine waters over Whidbey Island.
However, we expect the intersection of murrelet flight with this aircraft airspace to be infrequent
and brief, given the murrelet’s rapid flight. Murrelets are known to transit between foraging and
nesting habitat at higher altitudes, but Navy jets would rapidly be at much higher altitudes than
murrelets as they leave the vicinity of Ault Field.

We also reviewed the FAA-maintained, bird strike database, established for commercial aircraft,
and did not discover murrelets among the bird species included in FAA database of several

19 The FWS assumes that the flight height of jet aircraft approaching Ault Field is generally in the range of 300 ft to
500 ft (91m to 152 m) above the water (msl).
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thousand bird strikes from 1993 to present™. In addition, the Navy provided the FWS with
approximately three years of site specific Bird Aircraft Strike Hazard data (2008 to 2010) for
Whidbey Island where Ault Field and OLF Coupeville are located and no murrelets were
detected among the 63 recorded strikes (John Mosher, U.S. Navy, pers. comm., 2010). Despite
the high number of sorties across the Nation and at Whidbey Island, there is a low frequency of
bird strikes and an absence of murrelet strikes in the Navy’s three-year study and at Whidbey
Island. This suggests the murrelet strike risk is very low.

From this information, we reason that, while there is potential for a murrelet strike to occur, we
infer the risk is very low, even with the planned increase in sorties associated with the NWTRC.
As a result, we conclude there is an extremely low likelihood of murrelet exposure to Navy
aircraft (strikes). Therefore, the overall risk of a strike is discountable.

Entanglement

Entanglement in expended parachutes abandoned or discarded in the marine environment was
considered as a potential threat to murrelets. However, due to parachute use largely outside of
the coastal zone where murrelets occur, relatively fast sink rates, high visibility of the parachutes
and low entanglement potential if encountered by a murrelet (due to the relatively small surface
area for entanglement risk), the overall risk of an entanglement is discountable.

Anthropogenic Presence (Surface and Subsurface Vessels)

Given the current abundance and distribution of murrelets in the Action Area, we expect Navy
activities will result in murrelets being exposed to Navy aircraft, surface vessels, submarines, and
personnel directly or indirectly for training in the Action Area. Murrelets will potentially be
visually disrupted or physically displaced from exposure to vessels primarily in transit to and
from the Ocean subunit and training activities associated with NBK Bangor, EOD Crescent
Harbor, Navy 3 PACNW OPAREA, Chinook A & B MOA, and the DTR Seaplane Base.
Although we expect frequent murrelet exposure to Navy vessels in the CPS Subunit, we have no
way of quantifying the number, frequency, or duration of the exposure events at this time.

Contaminants

The Navy reports that vessel operation and maintenance between ports and training locations has
the potential to release small amounts of pollutant discharges into the water. Although Navy
vessels are not typical sources of pathogens or contaminants, some risk does exist for fuel spills
and discharges of oil, garbage, plastics, and other substances from vessel discharges (bilge water
and deck runoff), even when completed in accordance with international and U.S. requirements.

The Navy confirmed that no fuel spills have occurred as a result of Pacific Fleet Training in
Puget Sound or at sea (Hart in litt. 2009). In addition, the Navy maintains a Spill Response

1 We recognize these data may have little relevance to the strike risk associated with Navy aircraft due to the
limited spatial co-occurrence of commercial airports within the range of murrelets, potential differences in aircraft
operations, and the difficulty in identifying the remains of birds which often leads to the specimen being
unidentified.
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Team stationed within the NWTRC. The Navy’s routinely receives certifications to ensure that
the highest level of response is maintained in order to minimize the exposure of contaminants
should a spill event occur. Therefore, the FWS reasons on this basis that the risk of murrelet
exposure to contamination (ingestion or contact) sources from Pacific Fleet training is extremely
unlikely to occur, and therefore is discountable.

Summary of Exposure Analysis

We have determined thus far that murrelets are highly unlikely to encounter underwater acoustic
stressors from active Sonar (Ocean subunit) and sonobuoys for IEER training; collisions with
aircraft (CPS subunit); expended materials causing entanglement; and contaminants (Ocean and
CPS subunits). We determined the likelihood of a murrelet encounter with Sonar or explosive
sonobuoys (SSQ-110A) are extremely unlikely event because of a spatial separation of over 10
miles between murrelets in the coastal waters and the offshore training activities involving the
use of active Sonar and explosive sonobuoys.

However, we anticipate that the Navy’s training exercises will result in murrelets being exposed
to high SPLs, both in the air and underwater, as well as exposure to anthropogenic stressors (i.e.,
vessels, aircraft, and personnel) in the marine environment. Specifically, an unknown number of
murrelets in Conservation Zone 1 are likely to encounter high SPLs in the CPS subunit from
EOD training (underwater detonations) and high SPLs in the air in the Terrestrial and CPS
subunits from aircraft overflights, land-based demolition training, and floating mine
demolitions*®. Murrelets are also expected to be exposed to a variety of Navy vessels, including
surface vessels, helicopters, and other aircraft, including personnel in the CPS subunit. In the
following discussion, we describe what the most likely response murrelets will have to
encounters with the underwater sound, in-air sound, and the anthropogenic presence resulting
from the NWTRC.

Response

Each year a proportion of the adult murrelets, presumably the most fit, engage in the breeding
process. The annual reproductive output of the species, as measured by the number of fledglings
arriving to sea in mid to late summer, depends upon a myriad of biotic and abiotic factors.
Nutrition, however, is likely one of the most important factors on productivity.

At the onset of the breeding season, nutrition plays an important role in establishing adequate
breeding condition necessary to meet the energetic demands of courtship, mating, nest site
selection, and incubation, and later to sustain rearing (April to September). By late summer/fall
(July through November), murrelets undergo a complete pre-basic molt that renders adults
flightless for 2-3 months as many fledglings arrive into the marine environment. This causes
murrelet numbers to nearly double in Puget Sound compared to the summer. In the late
winter/early spring (February through May), adults (breeders and nonbreeders) and subadults
undergo an incomplete prealternate molt (body feathers only), and the fittest adults later disperse
to breed again to mark the completion/initiation of the annual life cycle.

12 The sound pressure levels at source (dBpeak) Nor the transmission loss associated with floating mine demolitions
could be quantified.

99



Within this general life-history context we describe the most probable physical effects and
behavioral response of murrelets, and any associated fitness consequences due to the exposure to
high SPLs (underwater and in-air) and exposure to anthropogenic activities (vessels, humans,
aircraft, etc.) in marine habitat. Physical effects are described in more specific terms than
behavioral responses based upon published studies where variables were controlled to assess the
physical consequences of underwater impulsive sound (detonations). However, behavioral
studies on animal response to various stimuli are often more general in nature where response
patterns between taxa typically provide the strongest evidence for inferring how murrelets may
behaviorally respond to the Navy’s training activities.

When an animal encounters humans or human activities, an animal’s response appears to follow
the same economic principles used by prey when they encounter predators (Beale and Monaghan
2004; Frid 2003; Frid and Dill 2002; Gill et al. 2001; Harrington and Veitch 1992; Lima 1998;
Romero 2004). The level of perceived risk may result from a combination of factors that
characterize disturbance stimuli, along with factors related to natural predation risk (e.g.,
Papouchis et al. 2001). In response to a perceived threat, animals experience physiological
changes that prepare them for flight or fight responses, or animals can experience physiological
changes with chronic exposure to stressors. Chronic stressors typically have more serious
consequences, such as interruptions of essential behavioral or physiological events, alteration of
an animal’s time budget, or some combinations of these responses (Frid and Dill 2002; Romero
2004; Sapolsky et al. 2000; Walker et al. 2005).

The behavioral response of birds to chronic human-based stressors has been documented to
cause abandonment of nesting and foraging sites (Henson and Grant 1991; Gill et al. 1996;
Fowler 1999); trigger increased activity levels reduced reproductive success (Daan et al. 1996;
Giese 1996, Mullner et al. 2004;); and cause higher predation rates when they adopt risk-prone
foraging or migratory strategies (Frid and Dill 2002).

There are no known studies or data available that evaluate the behavioral response of murrelets
(or other alcids) to noise in the marine environment. Behaviors that we believe would indicate
disturbance of murrelets in the marine environment include aborted feeding attempts, multiple
delayed feeding attempts within a single day or across multiple days, multiple interrupted resting
attempts, and precluded access to suitable foraging habitat. The activities in the NWTRC that
may elicit a behavioral response from a murrelet include exposure to elevated SPLs underwater
and above water and the presence of aircraft, surface vessels, and other vessels involved in
training. The following discussion presents our analysis process for determining an individual’s
likelihood of exposure to elevated SPLs that could result in a behavioral response and then
provides a discussion on how murrelets are likely to respond.

The stressors occurring within murrelet Conservation Zone 1 may also affect murrelets that are
more frequently associated with Conservation Zone 2. Research has shown that the daily
commuting behavior of breeding and non-breeding murrelets includes movement between
Conservation Zones 1 and 2 during the summer (Bloxton and Raphael 2009). During the non-
breeding season (winter period), many murrelets from the outer coastal areas of Washington
(Conservation Zone 2) and British Columbia spend the winter in Puget Sound. Thus, murrelets
present in Conservation Zone 1 can be from other areas at any time of year. However, to
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simplify this analysis, we assume the associated effects to murrelets in Conservation Zone 1, we
assume that all murrelets are from Conservation Zone 1.

High Sound Pressure Levels

Underwater Blast Overpressures

The Navy’s deployment of pre-detonation surveys for EOD training reasonably ensures that
murrelets will not be exposed to the most severe energy levels (i.e., greater than 41 Pa-sec)
associated with 1.5 Ib and 2.5 Ib charges at Floral Point and Crescent Harbor EOD ranges. In
addition, the risk of murrelet exposure at these levels is significantly reduced out to 500 m from
the detonation site due to the use of murrelet surveys prior to detonation. However, natural
limitations in observer detection capability and the logistical constraints limit surveying areas
larger than 500 m from the detonation site (0.8 km?). At levels less the 41 Pa-sec, but exceeding
180dByeax, murrelets can experience sublethal injuries to inner ear structures. In addition, these
acoustic stressors may disrupt the normal behavior of murrelets. Our assessment will therefore
evaluate the potential consequences of these physiological and behavioral effects stemming from
the expected exposure to SPLs in excess of 180dBpeak.

The most important factors that determine the occurrence or magnitude of an injury or behavioral
response to high SPLs is the distance at which an organism is located from the detonation site
and the charge size. In the analysis that follows, we investigate the likely response of murrelets
at distances beyond 150 m for 1.5 Ib charges and 210 m for 2.5 Ib charges. We have no
reasonable means to estimate the number of murrelets that may be exposed to high underwater
SPLs at levels less the 41 Pa-sec, but exceeding 180dBpes. However, the risk of murrelet
exposure at these levels is significantly reduced out to 500 m from the detonation site due to the
use of murrelet surveys prior to detonation. The lack of specific observational or histological
studies describing the various sublethal effects in murrelets as a function of distance from the
charge and charge weight, led to further difficulties in describing murrelet response to high,
underwater SPLs. Therefore, we relied on the best scientific and commercial data on the
documented responses of other species and then made inferences to the probable responses of
murrelets.

Both underwater and surface detonations have the potential to generate sound levels that result in
physical injury to murrelets. For example, blast overpressures have been documented to cause
physiological and neurological damage on a wide variety of vertebrate species (Yelverton et al.
1973; Yelverton and Richmond 1981; Gisiner et al. 1998; Cudahy and Ellison 2002; USDD
2002; Hastings and Popper 2005). The knowledge of the injurious effects from high underwater
sound pressures specific on seabirds is largely limited to studies involving the effects of
underwater blasting and seismic testing (Cooper 1982; Flint et al. 2003; Lacroix et al. 2003;
Stemp 1985; Yelverton and Richmond 1981, p. 3).

Experiments using underwater explosives revealed internal hemorrhaging and mortality in
submerged mallards (Anas platyrynchos) (Yelverton et al. 1973, p. 49) in response to rapid
changes in underwater SPLs. Seabirds (cormorants and pelicans) foraging on fish killed during
seismic explorations, were also killed (Fitch and Young 1948; Stemp 1985) when their heads
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were below water. Although these severe physical effects were associated with impulsive sound
levels that were at higher levels than we expect murrelets to be exposed to in the NWTRC, we
believe the reader should be informed about the extreme nature of the effects of high intensity
underwater sound pressure levels.

Although we found no data available on the underwater effects of lower intensity (sublethal)
impulsive overpressures on aquatic birds, there are data for terrestrial birds using pure tone
exposures (see Saunders and Dooling 1974; Ryals et al. 1999). However, inferring either
physiological or behavioral effects on murrelets from blast overexposures “in-situ” (i.e., while
feeding underwater in the marine environment) based upon controlled experiments of in-air, pure
tone acoustic stimuli on bird species other than murrelets is difficult. In particular, physiological
differences of inner ear structures can lead to varying adaptations and resilience to high SPLs
among birds that further complicates detecting and characterizing response patterns across
different taxa.

Hearing Threshold Shift

Animals are highly susceptible to auditory damage from blast overpressures (Mayorga 1997, p.
18), with the inner ear being more susceptible to damage from intense sound campared to the
middle and outer ear (Gisiner et al. 1998, p. 25). However, not all frequencies of sound produce
equivalent damage at the same exposure level, nor will the same frequency-exposure
combination cause equivalent damage in all species (Gisiner et al. 1998, p. 25).

Bird species appear to be unique among vertebrates in that they demonstrate more resistance to
both temporary and permanent hearing loss and hearing damage from acoustic overexposure
compared to humans and other mammals that have been tested (Dooling and Popper 2007, pp. 4,
5). Birds also are capable of regenerating the sensory cells of the inner ear, which provides a
mechanism for recovery from intense acoustic over-exposure, whereas other mammals and
humans show no such adaptation (Dooling and Popper 2007).

The severity of a threshold shift depends upon several factors such as the sensitivity of the
organism, and the received SPL, frequency, and duration of the sound (Gisiner et al. 1998, p.
25). Duration may have a more deleterious effect than incremental increases in SPL (Ryals et al.
1999; Kastak et al. 2005). Although these effects are not completely understood, there is general
agreement that considerable variation occurs within and between species, hearing loss occurs
near the exposure frequency (Hz) for narrow-band sound, and hearing loss becomes irreversible,
even in birds, under some combination of sound pressure level and exposure time (Saunders and
Dooling 1974, p. 1; Gisiner et al. 1998, p. 25).

The majority of studies on auditory damage [with cats and rodents (especially chinchilla)] used
relatively long duration stimuli (> 1 hour) and mid to low frequencies (1 to 4 kHz). These have
noted that intensity and duration of exposure can act synergistically to broaden the extent of the
hearing loss (Gisiner et al. 1998, p. 25). Repeated exposure to sounds that produce a threshold
shift, without adequate recovery periods, can also induce permanent, acute hearing loss (Gisiner
et al. 1998).
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Exposure to narrow-band sound at a certain dB level above a species-specific hearing threshold
can induce threshold shifts (Ketten 2004). A common way to predict the onset of a threshold
shift is to determine a species’ range for best hearing sensitivity and then apply criteria at some
level above the threshold for that species.

We found no information on the hearing range for murrelets so we used studies on emperor
penguins as a surrogate (Aptenodytes forsteri). Woehler (2002, p. 97) evaluated six species of
penguins and concluded that emperor penguins can detect the highest frequency sounds with an
upper range limit of 12.5 kHz and a lower range of 500 Hz. Murrelet vocalizations have been
recorded for adults and nestlings, with adult calls ranging from approximately 4 to 7 kHz and
nestling begging calls from 2 to 11 kHz (Nelson 1997, p.10). Based on this information and in
the absence of direct hearing studies for murrelets, we assume a hearing range for murrelets
generally from 500 Hz to 12.5 kHz.

Consequences associated with a Hearing Threshold Shift

In humans, exposure to continuous airborne sound, 90 to 100 dB above hearing threshold, has
been documented to cause hearing threshold shifts (i.e., reduced hearing sensitivity) with
exposures of 80 dB above hearing threshold for durations of 8 hours per day for 10 years
(Richardson et al. 1995). It is unclear whether or not this relationship is applicable to other taxa
(see Richardson et al. 1995; Ketten 1999). However, the findings of Ryals et al. (1999) provide
some insight on how sound pressure level, frequency, and duration can affect birds.

Ryals et al. (1999) studied the factors of induced hearing threshold effects on four bird species:
Japanese quail (Coturnix coturnix japonica) (n=9), budgerigars (Melopsittacus undulates) (n=7),
canaries (Serinus canaria) (n=2), and zebra finches (Taenopyga guttata) (n=2). The authors
exposed all birds to 2.86 kHz continuous tones, the most sensitive frequency in all four species,
at 112 dB or 118 dB SPL for 12 hours, and at 120 dB SPL"® for 24 hours using fewer birds from
each species.

Results suggest species-specific differences in the initial amount of threshold shift and in the
amount and rate of recovery. Quail and budgerigars showed the greatest susceptibility to hair
cell loss from the 112 dB and 118 dB SPL exposures with observed -70 dB (quail) and -40 dB
(budgerigars) threshold shifts while canaries and finches showed no measureable responses.
While the budgerigars showed a near-full recovery (within 10 dB of pre-exposure sensitivity) in
three days, quail never achieved full recovery. One year after exposure the quail still showed a -
20 dB threshold shift, suggesting the damage was permanent. All showed varying amounts of
missing hairs cells following a 24-hour exposure to 120 dB SPL at 2.86 kHz. The occurrence
and/or duration (temporary or permanent) of a threshold shift is clearly a species-specific
response that appears to be dependent on the duration of exposure, sound level, and frequency
(H2).

An animal’s hearing sensitivity may be an important factor in the magnitude of a threshold shift.
Studies on several taxa including fish, birds, and terrestrial mammals indicate that the degree of a

13 Although the metric used in Ryals et al. (1999) was not clear to the FWS, we assume the metric was “peak” SPLs.
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threshold shift is linearly correlated with the hearing threshold, with greater effects in those
species with a high sensitivity compared to species with low sensitivity (Smith et al. 2004b).

Most bioacoustic specialists consider temporary hearing damage, referred to as Temporary
Threshold Shift (TTS), to be physiological fatigue and not injury (Popper et al. 2006b).
However, the FWS believes an organism experiencing TTS may have a diminished capability to
detect biologically relevant sounds that are important for foraging, predator avoidance, or pair
bonding. In this action, we assume murrelet exposures to impulsive (blast) overpressures (>180
dBpeak) May cause threshold shifts that can last from a few minutes to those that may be
permanent. We also conclude that even short-term fatiguing of the auditory system, as described
by Popper et al. (2006), is a result of physical damage to the hair cells.

The Probable Murrelet Response to Threshold Shift

We examined the effects of threshold shifts upon individual murrelet fitness in terms of the
capability to perform three essential life functions — foraging, reproduction, and predator
avoidance. A significant reduction in the functional potential of these three life functions is
assumed to reduce the fitness of individuals, and possibly the populations those individuals
represent. In other words, fitness reductions can affect survival or reproductive rates which
could influence murrelet population viability.

It’s important to clarify that murrelets affected in this manner (i.e., fitness) can exhibit a
temporary or permanent reduction in the capability to reproduce and yet experience no change in
individual survival rates. On the other hand, individual survival would obviously be affected if
the physical effects of an exposure resulted in a significant reduction in foraging efficiency or
predator avoidance. Yet, it stands to reason that murrelet population viability can be affected by
all three (i.e., reproduction, survival, or foraging efficiency). We attempted to determine if the
occurrence of a threshold shift can reasonably be expected to reduce a murrelet’s ability to
forage, reproduce, or detect and avoid predators.

For this analysis, we defined a SPL-induced threshold shift as a reduction in an organism’s
hearing sensitivity within a portion of the organism’s hearing range pursuant to the work of
Kastak et al. (2005) and Ryals et al. (1999). The reduction can be either be temporary or
permanent, and vary as a function of duration, SPL, sound frequency (Hz), and an organism’s
individual susceptibility to hearing loss. We assume that threshold shifts can temporarily or
permanently reduce the hearing sensitivity in the organism’s most sensitive range, but that is not
necessarily eliminated. Hearing loss in birds depends upon a bird’s susceptibility to hearing loss
as well as the duration and magnitude of the acoustic stimulation and appears to be eliminated in
some individuals in lab settings under extremely long exposure durations (12 to 24 hours, see
Ryals et al. 1999). Therefore, based upon the extremely short duration of the acoustic exposures
in this action (less than 1 second underwater to 5 sec in air) we assume in this analysis that
murrelets will retain a portion of their hearing sensitivity within the frequency range of hearing
effects.

In general, we expect the murrelets with temporary effects to effectively regain their hearing
sensitivity within 12 to 24 hours following exposure, although minor cell damage to inner ear
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structures may persist for longer periods. We base this conclusion on the work of Kastak et al.
(2005) where recovery was observed within 24 hours in the pinnipeds experiencing TTS (from
up to 50 minute exposure durations) and Ryals et al. (1999) where the budgerigars with TTS
exhibited recovery within three days (from 12 hour exposures durations). We expect murrelets
with TTS to achieve full recovery to pre-exposure hearing sensitivity in a period not to exceed
three days with no long-term effects on hearing sensitivity.

Repeated exposure to sounds that produce TTS, without adequate recovery periods, can also
induce permanent, acute hearing loss (Gisiner et al. 1998). With the low frequency of EOD
events (a maximum of four events annually, not to exceed two events annually at each EOD
range location during the five-year action), we do not expect an individual murrelet would
receive multiple exposures. Even in the rare instance that a murrelet is exposed multiple times,
adequate recovery time is expected given the Navy’s infrequent use of EOD training events.

However, murrelets could have a permanent threshold shift (PTS) from high SPLs (air or water).
These birds will have a reduced capability of detecting and responding to acoustic cues from
vocalizations that likely play an important role in incubation exchanges, prey delivery
interactions with nestlings, predator detection, and social interactions at sea as components of
forage bouts and courtship. Detection of acoustic signals generated while in flight (with the
species’ wings) at nest sites (i.e., non-vocal) may also be hindered. These low frequency
“buzzing” sounds may be important in the social interaction between pairs and aggressive
posturing with other murrelets as a means to maintain territorial nest boundaries (Nelson 1997, p.
12).

Reproductive Success

Avian reproductive success is linked to a species reproductive potential (i.e., r- verses k-selected
life histories) as well as how well adapted the species is to the myriad of biotic, abiotic, and
anthropogenic stressors. Important stressors include food availability, competition, disease
pathogens, contaminants, nest habitat conditions, predation rates, and climate. Murrelets have a
naturally low reproductive rate as would be expected from a species with monogamous pair
bonds, a clutch size of one, precocial young, and no renesting. At present, evidence indicates
changes in forage abundance/quality are among the primary biotic factors in the marine
environment that contribute to the observed low murrelet reproductive rate (Bloxton and Raphael
2008; Peery et al. 2004, pp. 1094-1095; Becker et al. 2007, p.267; and Becker and Beissinger
2006, p.476).

Receiving and transmitting vocal and non-vocal acoustic signals are presumed to be essential
sensory mechanisms that complement the hormonal changes associated with the murrelet
reproductive cycle. Although not well understood, detecting acoustic stimuli via the auditory
system is fundamental to foraging, provisioning at the nest site, courtship, pair bonding, and
territory defense. Thus, murrelet reproduction (or lifetime reproductive success as summarized
by Murray 1992) is linked to the species’ ability to transmit and receive acoustic signals to and
from conspecifics.
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Murrelets vocalize during feeding, courtship, and when approaching nest habitat, particularly
when flying over and through the forest canopy (Eisenhawer and Reimchen 1990). In-flight
vocalizations are believed to serve a social function, signalling their arrival to other nesting
adults and nestlings (Nelson 1997, p. 11). Once on the nest, vocalizations become soft and
muted (i.e., during incubation exchanges and prey deliveries for nestlings).

The breeding success of birds appears to be strongly linked to prior breeding experience,
particularly when food supplies are not overly abundant (i.e., prior breeding experience has a
lower influence on breeding success when food resources are overly abundant). For example,
Ellison and Caizergues (2000), Férschler and Kalko (2006), Lozano, Perreault, and Lemon
(1996) and Mitrus (2006) found positive correlations in avian reproductive success and age
(breeding experience). Fowler (1995) also found that pair bond duration can be a factor in the
reproductive success of some bird species. Evidence of the relationship between age and
reproductive success is present in seabirds as well (Hamer and Furness 1991; Weimerskirch
1990, 1992; Pinaud and Weimerskirch 2002; De Forest and Gaston 1996; and Sanz-Aguilar et al.
2009). Although we found no studies addressing the age-specific reproductive success of
murrelets, it is reasonable to assume that murrelet nest success is highest among older-aged
breeding pairs as found in other seabirds.

Adult murrelets presumably have acquired the necessary breeding experience to recognize and
respond to the acoustic (and visual) signals associated with annual hormonal cues that initiate
breeding (i.e., as defined by a reduction in an organism’s hearing sensitivity within a portion of
the organism’s hearing range). Although murrelet sensitivity to acoustic stimuli may be reduced,
we expect the prior breeding experience of most adult murrelets should be sufficient to
reasonably ensure they will be able to receive, recognize, and interpret important acoustic cues to
engage in pair bonding, courtship, and provisioning of nestlings. We therefore conclude that the
potential deleterious effects of a long-term reduction in hearing sensitivity will not significantly
impair the essential breeding behaviors of pair bonding, courtship, or provisioning of nestlings in
the majority of adult murrelets. However, some adult murrelets may experience an incremental
reduction in lifetime breeding success.

However, subadult/juvenile murrelets would not have any prior breeding experience at the time
when they are exposed to the injurious SPLs. If the threshold shift is permanent, juvenile
murrelets will have a decreased hearing sensitivity as they enter breeding age in later years. Any
murrelets with a permanently reduced capacity to receive and interpret acoustic signals
associated with breeding would have no prior breeding experience to enhance their capability to
readily interpret the breeding-based acoustic signals needed for pair bonding, courtship, and/or
provisioning of young. With no prior breeding experience, subadult and juvenile murrelets
would not be expected to readily interpret breeding-based acoustic signals which could
reasonably lead to a reduced breeding potential and lifetime breeding success.

We previously reported in Table 6 that the murrelet population in Conservation Zone 1 is
approximately comprised of 95.2 percent adults, 1.8 percent subadults, and 3.0 percent juveniles.
Assuming all age classes will be similarly represented in the Action Area, approximately five
percent of the murrelets potentially affected by EOD activities are subadult/juvenile murrelets
(Table 9). However, not all subadult/juvenile murrelets will be underwater foraging during an
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EOD underwater detonation, nor will those that are foraging necessarily be affected with a
permanent threshold shift (i.e., subadult and juvenile murrelets within the ensonified underwater
areas are expected to have either permanent or temporary threshold shifts). Murrelets foraging
closer to the detonation site (i.e., greater than the pre-detonation survey radius of 500 m) may be
more prone to longer term injuries to hearing than those foraging at greater distances, but we
have no way to quantify these effects in terms of the numbers of murrelets.

Murrelets spend limited time in the terrestrial environment, but maintaining the annual
survivorship of breeding adults transitioning to and from nesting habitat is essential to the
reproductive success of the species. We expect that hearing aids murrelets in detecting/evading
the mostly avian predators in a forest environment during incubation and prey deliveries because
of the hiding cover afforded to predators. If murrelets have a permanently reduced hearing
sensitivity from exposure to high SPLs from the Navy’s activities, then those affected individuals
may have more difficulty in detecting predators at the nest site if the acoustic signals of
approaching predators are in the frequency range of murrelet hearing that is affected by the
threshold shift. In this scenario, a threshold shift could lead to nest failure or predation of the
adult.

However, the likelihood of an adult be taken as prey due to a permanent threshold shift seems to
be low for the following reasons. First, evidence suggests that murrelet hearing will not be
entirely eliminated in any frequency range even under the worst-case scenario of a permanent
threshold shift. We have assumed that the frequency range affected by a hypothetical threshold
shift would be in the range of greatest hearing sensitivity of the species. Even if the acoustic
signals associated with the typical predators of murrelet nests occurs in the range of a threshold
shift, individuals would reasonably be expected to detect the signals and respond accordingly
because they can still hear. Second, predator detection relies heavily upon vision, which is not
expected to be affected by exposure to single, impulsive SPLs below 41 Pa sec (Table 5) and
above 180 dBpeax.

Considering the PTS-effects on murrelet nest success, we believe the evidence concerning
breeding experience is sufficient to assume that most breeding murrelets affected in this manner
would not likely to be measurably affected. However, this may not be the case for all adults.
That is, a long-term threshold shift may result in a lower breeding rate in some adults, regardless
of any prior breeding experience. We therefore conclude that while most murrelets will retain
adequate hearing sensory function providing individuals the capability to adequately detect
acoustic cues from predators in the forested environment, the predator detection capability of
some may be appreciably diminished at the nest site.

Some adult murrelets with permanent threshold shift, particularly those without prior breeding
experience, would have a lower lifetime reproductive success by failing to detect a predator and
erringly draw attention to the nest location while provisioning of the nestling. As a result, we
assume the nestling would be predated in this scenario. Although adult survival is not likely to
change (because the adult would be expected to evade the predator), the nest would be
considered a failure.
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In conclusion, nest failure stemming from a reduced hearing sensitivity is an unlikely outcome
for most breeding adults, but we expect a significant reduction in the capability of some adult

murrelets to detect predators in the forested environment. This reduced hearing in some adult
murrelets may lead to occasional nest failure.

Foraging Success

Successful foraging (i.e., early predator avoidance and energetically efficient foraging) is
primarily a vision-oriented behavior for murrelets. However, this species clearly also uses
acoustic cues that likely facilitate foraging success in marine habitat.

In marine habitat, where the line-of-sight is typically unobstructed and where murrelets spend
virtually their entire life, we assume that hearing plays a less important role in predator detection
than vision. Murrelets are also often associated with conspecifics or other seabirds while in the
marine habitat, which likely enhances early predator detection for all species. Thus, we expect
no detectable change in predation risk for murrelets while in marine habitat and any murrelets
with diminished hearing sensitivity will continue to forage without a significant reduction in
predator detection capabilities. As a result, it is extremely unlikely that individual murrelets with
a reduced hearing sensitivity from high underwater SPLs will be less likely to survive.

Murrelet vocalizations are common and highly variable at sea, with both loud and soft calls.
Murrelets are wing-propelled pursuit divers that forage both during the day and at night (Carter
and Sealy 1986), typically feeding in pairs (larger flocks and singles are less common) in
shallow, near-shore waters between 5 m (16.4 ft) (Holm and Burger 2000, p. 319) and 30m (98
ft) deep (Huff et al. 2006), up to a maximum depth of 47 m (157 ft) (Mathews and Burger 1998).
Although little is known about the importance of vocalizations and hearing related to foraging
success, the need to hear vocalizations probably serves an important social function when pairs
become separated during foraging. For example, vocalizations are common when pairs become
separated following a foraging dive (Nelson 1997, p.11). Although hearing obviously serves
important social functions during foraging, we found no supportive evidence that murrelet
hearing sensitivity is linked in any way to foraging success.

Behavioral Response

Predicting the behavioral response of organisms to underwater impulsive sound is speculative
because most available information on the behavioral response to sound comes from controlled
experiments using pure tone on fish. With the exception of a few preliminary studies and limited
observational information, we rely heavily on controlled studies of fishes and out of necessity,
we extrapolate from these data in order to evaluate potential effects to murrelets exposed to high
underwater SPLs.

We assume that high underwater SPLs can cause a variety of behavioral responses, although the
effects of the behavioral responses have not been well studied. Although behavioral responses
occur along a continuum of severity, there is no easily identifiable point at which behavioral
responses have a deleterious effect on either the survival or fecundity of individuals.
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In general, response behaviors that could indicate disturbance of murrelets in the marine
environment include aborted or delayed feeding, reduced foraging success (exhibited through
more foraging dives or longer foraging bouts), and avoidance of foraging areas. These
behaviors, if chronic, could result in a fitness reduction (Frid and Dill 2002; Romero 2004;
Sapolsky et al. 2000; Walker et al. 2005) in adults or nestlings, the outcome of which could
affect survival and fecundity of individuals.

Richardson et al. (1995) speculated that a high underwater sound pulse (from underwater
explosions) may interrupt the underwater foraging of seabirds and cause them to return to the
surface rather than leave the area. Stemp (1985) was unable to identify behavior patterns or
changes in abundance of Northern fulmars (Fulmarus glacialis), blacklegged kittiwakes (Rissa
tridactyla), and thick-billed murres (Uria lomvia) within a few hundred meters of repeated
underwater explosions originating from seismic vessels. The birds exhibited inconsistent
behavioral responses during periods with and without explosions. Observations of diving birds
were also made after EOD detonations in 2009. Responses observed from underwater
detonations were a pigeon guillemot flying away after the detonation and guillemots flying, but
landing and resuming normal activity (Navy 2009b).

In a study involving fish, Fewtrell (2003) held fish in cages in marine waters and exposed them
to seismic airgun impulses below injurious levels. The author observed alarm postures, faster
swimming speeds, tighter school formation, and movement toward the lower portion of the cage
when SPLs exceeded 158 to 163 dBms. The study also evaluated physiological stress response
by measuring plasma cortisol and glucose levels, but found no statistically significant changes.
Conversely, Santulli and others (1999) found evidence of increased stress hormones after
exposing caged European bass to seismic survey noise.

Clearly, a substantial gap exists in scientific knowledge on this topic. In general, animals that
encounter humans or human activities often exhibit the same behavior as when they encounter
predators (Beale and Monaghan 2004; Frid 2003; Frid and Dill 2002; Gill et al. 2001; Harrington
and Veitch 1992; Lima 1998; Romero 2004). The level of perceived risk likely results from a
combination of disturbance stimuli, including factors related to natural predation risk (see
Papouchis et al. 2001). We therefore expect that murrelets will respond like other animals and
we address the highest risk scenario: the delay or cessation of murrelet foraging following
exposure to a high underwater SPL.

It is difficult to determine at what point exposure to high SPLs results in significant disruption of
behavior. However, we believe it is reasonable that there is a potential for murrelets, even
beyond 10 km at EOD Floral Point and 11.5 km at EOD Crescent Harbor, (i.e., murrelets
exposed to 150 dBms, Table 8) to be adversely affected during EOD training. However, the
duration of exposure is expected to be extremely short (less than 1 second) and therefore
murrelets are not expected to exhibit behavior that could be considered as significant. As a
result, murrelets are not expected to be have a significant disruption of normal behavior.
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The Effects of Disrupted Foraging

Murrelet survival and reproduction is dependent upon an adequate quantity of high quality food
throughout the year. Adequate food resources are necessary to survive winter, undergo molts,
prepare for breeding in the spring, and to feed chicks during rearing.

Although murrelet diets appear to reflect what is most abundant and/or of the highest quality of
prey available at the time (Becker et al. 2007; Kuletz 2005), evidence from California and
Alaska suggests higher quality prey may have been historically more prevalent in the diets of
murrelets compared to present-day diets. Specifically, the species may be proportionally more
dependent on lower trophic-level food items (e.g. krill, sandlance, and rockfishes) in response to
reductions of higher-trophic level prey (e.g sardines in California) (Becker and Beissinger 2006,
Norris et al. 2007). Prey quality can contribute substantially to the reproductive success or
failure of seabirds. Litzow et al. (2002) identified that dietary energy content is often the
limiting factor for seabird breeding success (Litzow et al. 2002). In their findings of poor chick
development in pigeon guillemots, Litzow et al. (2002) hypothesized adults were unable to
sustain adequate provisioning rates.

Because of the difference in energy content between prey species, Kuletz (2006) found that
murrelets delivering fish other than age-1 herring may have to increase prey deliveries by up to
4.2 times per day to deliver the kJoules necessary for a chick to reach fledging weight. Increases
in prey capture and delivery efforts by the adults results in reduced adult body condition by end
of the breeding season, and increases the predation risk to adults and chicks as more trips inland
are required (Kuletz 2006). While increasing the number of trips may be possible, Ronconi and
Burger (2008) found that even though murrelets increased their foraging effort during years of
low prey availability, they were not able to maintain normal levels of reproductive success.

Seabirds may undertake either a “fixed” or a “flexible” investment in their reproductive efforts
(Velando and Alonso-Alvarez 2003). For example, a long-lived seabird may have a “flexible”
reproductive effort in accordance with offspring demand and condition, such that when food is
easily available and parents are in good condition they can compensate to some extent to meet
chick requirements. However, they may be unable to do so when resources are less available.
Other seabirds may have a “fixed” level of investment in their current reproduction, independent
of offspring requirements, such that they cannot compensate to meet chick requirements.
Ronconi and Burger (2008) hypothesize that murrelet life-history strategy likely follows the
“fixed” investment hypothesis, whereby adults compromise reproductive investment (i.e. they do
not initiate nesting or abandon the nest) to ensure their own survival when available forage is
inadequate or not synchronized with breeding activities.

A lack of high quality forage at the appropriate time of year may help explain the low nest
initiation rates and nesting success observed by Bloxton and Raphael (2008) and the low
juvenile-to-adult ratios observed in murrelets rangewide. For those murrelets that initiate nesting
and begin chick rearing, capture and delivery of lower dietary quality forage will likely
compromise breeding success. Thus, changes in marine prey availability may be a limiting
factor to the lifetime reproductive output of murrelets (Becker et al. 2007, Norris et al. 2007,
Ronconi and Burger 2008).
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In the section on Bull Trout Forage Fish Impacts, we evaluated the effects to forage fish of the
EOD detonations, which are summarized here. The biomass killed from each 2.5 Ib charge is
0.004 percent and 0.017 percent of the five-year mean spawner biomass for the Skagit Bay and
Holmes Harbor herring stocks, respectively. With two charges annually at Crescent Harbor, the
total biomass removed (killed) would represent approximately 0.008 percent and 0.034 percent
of the mean biomass (of spawning fish) for the Skagit Bay and Holmes Harbor stocks annually.
With the recent evidence indicating that the Skagit Bay stock is stable and Holmes Harbor stock
is increasing, the FWS does not anticipate that this level of annual mortality of Pacific herring
caused by underwater detonations at Crescent Harbor will measurably affect the abundance of
either herring stock. We determined that there will be a measurable mortality of sand lance and
forage fish, but we cannot determine whether this reduction will result in a reduction of the
overall population of sand lance and surf smelt in the Crescent Harbor action area.

No data are available on forage fish mortality from an EOD detonation at Floral Point, so a
quantitative analysis of effects was not possible. However, given that the charge size is only 1.5
Ib versus 2.5 Ib in Crescent Harbor, we expect effects to be significantly less than Crescent
Harbor. Floral Point is also more distant from herring holding areas than Crescent Harbor, so
herring densities are likely less.

The Quilcene Bay (Figure 9) and Port Gamble herring stocks (Figure 8) are expected to be
affected by the 1.5 Ib charges at EOD Floral Point. The estimated average herring stock biomass
for 2001 through 2008 is approximately 1,971 metric metric tons for the Quilcene stock and
1,024 metric metric tons for the Port Gamble stock (Figure 10) (Stick and Lindquist 2009; p. 27-
30). The Quilcene Bay stock is currently one of the largest in Puget Sound and has had stable
abundance since a low point in the 1990s with a mean annual spawning biomass of over 2,100
metric tons in since 1999 (Stick and Lindquist 2009; p. 27-30). Documented spawning grounds
have expanded significantly since 1998. The Port Gamble herring stock (Figure 8) has been
considered one of the larger stocks in Puget Sound. The 25-year mean spawning biomass is over
1,800 metric tons for this stock, but the 5-year mean is only 887 metric tons. It is now
considered depressed, with a declining population trend (Stick and Lindquist 2009; p. 27-30). In
2008, the total spawner biomass was reported at 208 metric tons. However, given the size of the
stocks relative to the expected lower numbers of herring mortality compared to Crescent Harbor,
the FWS does not anticipate that the level of annual mortality of Pacific herring likely caused by
two underwater detonations of a maximum of 1.5 Ibs maximum at EOD Floral Point will
measurably affect the abundance of either stock. We assume that there will be mortality of sand
lance and surf smelt. While we cannot evaluate the effects of this mortality on the overall
population of sand lance and surf smelt in the Floral Point area, we believe it’s unlikely to have
a significant effect on the overall population of sand lance and surf smelt in the Floral Point
action area, given the size of the detonations and overall abundance and distribution of these
species.

We anticipate there will be mortality of forage fish in the action area. However, our evaluation
of the proportion of Pacific herring mortality relative to the existing populations indicates that
population effects are insignificant, and no other evidence was found indicating that the
detonations will have significant effects on availability of other forage fish, given that also have
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large populations relative to the mortality observed. Therefore, we anticipate the mortality of
forage fish will have effects on murrelets that are considered to be insignificant.

Underwater sound waves may adversely affect foraging effectiveness of nesting birds or
flightless birds during the prebasic molt in a variety of ways:

e the underwater detonations may cause an adult murrelet to drop or swallow a fish
intended for a nestling, which could lead to longer durations between prey deliveries;

¢ underwater sound waves may cause a murrelet to relocate to a different foraging location;
and/or

o foraging at a given site may be temporarily interrupted or delayed.

Activities during the breeding season that cause an adult murrelet to delay or abandon a foraging
opportunity, or during the flightless period cause the bird relocate (swim) to another foraging
area, or drop/swallow a fish can result in: 1) a reduced adult body condition as the adult makes
more foraging dives or trips inland, or (2) reduced chick condition because the chick does not
receive the necessary energy (kJoules) to reach fledging weight.

An EOD training exercise requires approximately one to four hours to complete and the sound
pressure wave from the detonation lasts less than a second. The Navy proposes an annual
frequency of two EOD training events at both Crescent Harbor (2.5 Ib charge) and Floral Point
(1.5 Ib charge maximum), or a total of 10 at each EOD range during the 5-year implementation
period of the NWTRC. Given the short duration and low frequency of each EOD detonation, the
disruption to murrelet foraging is not expected to be significant. We anticipate murrelets will
return to the training sites after completion of the EOD exercises and experience no change in
foraging efficiency (forage availability) or forage quality. Therefore, any disruption of foraging
during the nesting period or the prebasic molt from high underwater SPLs is not expected to
reduce murrelet fitness and we expect no significant change in the fledging weights of chicks, or
change in adult body condition.

Airborne Sound

Dooling and Popper (2007, p.23) consider three general classifications of airborne noise effects
on birds: physical damage to the inner ear structures (threshold shift), masking, and
physiological/behavioral responses. The potential for these three effects will be evaluated
pursuant to:

e aircraft overflights (11,786 sorties per year) associated with arrivals and departures at
Ault Field, with departures attaining the highest noise level of 115 dBA at 1,000 ft (U.S.
Navy 2008b, p. 3.5-7);

e aircraft overflights (in excess of 2,000 sorties per year) associated with air to air warfare
and strike warfare training in the Olympic MOA during the murrelet nesting season with
a received level of 86 dBA. The Navy proposes to fly fixed wing aircraft no lower than
6,000 ft msl (0 to 3 nm from shore) or 9,000 ft msl (3 to 5 nm) over Washington’s outer
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coastal waters and 6,000 ft msl over the Olympic peninsula in the Olympic MOA. In
these areas, murrelets (in Conservation Zones 1 or 2) may be as close as 2,000 ft from jet
aircraft flying over the peninsula during the nesting seasons (nesting habitat occurs up to
an elevation of 4,000 ft on the Olympic peninsula) or as close as 6,000 ft from jet aircraft
while feeding in the coastal waters;

o aircraft (helicopter) overflights associated with non-warfare training (100 sorties per
year) in Puget Sound (i.e., intelligence, surveillance, and reconnaissance) at the Seaplane
Base survival area with an unknown received level;

o aircraft (helicopter) overflights associated with mine countermeasure training (4 sorties
per year) and special warfare training (93 sorties per year) at OLF Coupeville, Seaplane
Base, and at EOD Crescent Harbor and Floral Point with an estimated received level of
approximately 90 dBA at 50 ft (U.S. Navy 2008b, p. 3.5-7); and

e high explosive ordnance (C4) associated with demolition training at the Seaplane Base
DTR and Bangor DTR (combined total of 1,968 detonations annually) with an estimated
received level not to exceed 120 dByeax and floating mine demolition training at EOD
Crescent Harbor and Floral Point with an estimated maximum frequency of 4 per year
(unknown source SPL).

Damage to Hearing

Dooling and Popper (2007, p. 23) report the findings of laboratory studies on the threshold SPLs
associated with impulsive (blasts) and continuous sound. Single blasts of over 140 dB SPL,
multiple blasts of over 125 dB SPL, and continuous sound in excess of 110 dBA SPL for 12 to
72 hr exposures will likely result in a threshold shift. These findings are based, in part, on the
work of Ryals et al. (1999, pp. 74,75) whose findings, through histological examination,
documented permanent hearing damage in some birds in response to exposure to narrowband
continuous sound at 112 - 118 dBA SPL for 12 hours. Short-term hearing damage can also occur
at a lower SPL when the duration increases (93 dBA at 72 hour exposure duration; Dooling and
Popper 2007, p. 24).

Based upon these levels, there is a potential for hearing damage occurring in murrelets, caused
by Naval aircraft departing from Ault Field and/or demolition training at the DTRs. Jet aircraft
can generate continuous SPLs at 1,000 ft from source of 115 dBA (received level) during a
departure (note: although jet engines are continuous sound sources, they are transient in nature
with respect to exposure of an organism due to the fact that the jets move at high speeds). This is
higher than the threshold of 110 dBA recommended by Dooling and Popper (2007) to avoid
injury to hearing in birds. High SPLs of almost 120 dBA (received level), slightly below the
injury threshold of 125 dBA SPL for multiple blasts reported by Dooling and Popper (2007), will
also be produced at the DTRSs.

The severity of a threshold shift depends upon several factors such as the sensitivity of the
subject, the received SPL, frequency, and duration of the sound (Gisiner et al. 1998, p. 25).
Threshold shift in birds was studied within lab settings by Ryals et al. (1999) and in pinnepeds
by Kastak et al. (2005) revealing that threshold shift increased more in response to an increase in
duration than compared to an increase in SPL. Birds tested under these lab settings generally
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demonstrate greater tolerance to high SPLs than other taxa. Although these findings are not
completely understood, there is general agreement that: 1) considerable variation occurs in
individual responses, within and between species, 2) hearing loss occurs near the exposure
frequency (Hz) in organisms (for narrow-band sound), and 3) hearing loss becomes irreversible
under some combination of sound pressure level and exposure time, even in birds (Saunders and
Dooling 1974, p. 1; Gisiner et al. 1998, p. 25; Ryals et al. 1999).

We conclude that murrelets are not likely to be injured from high SPLs originating from DTR
exercises because the anticipated received exposure is less than 120 dBA (multiple detonations).
However, murrelets are expected to be exposed to potentially high SPLs from jet aircraft during
their takeoff and departure from Ault Field, which can generate a received SPL (at 1,000 ft) of
115 dBA. With the occurrence of 11,786 sorties annually, individual murrelets in the waters
adjacent to Ault Field are expected to be exposed to high SPLs over the 5-year duration of the
NWTRC. These exposures would occur on an intermittent basis in approximately 32 percent of
the sorties (3,772 sorties)™* in the northwest and west approaches to Ault Field where murrelets
are present in the marine environment.

We infer from Ryals et al. (1999) that at an SPL of 115 to 120 dBA, by itself, should not be the
sole consideration in anticipating hearing injury in murrelets. Rather, we must also consider
exposure duration. In fact, duration is probably the most important consideration (Kastak et al.
2005).

The source duration of murrelet exposure to high airborne SPLs from high explosive ordnance or
jet aircraft is significantly shorter than the duration of exposure evaluated by Ryals et al. (1999;
12 to 24 hr) and in pinnepeds by Kastak et al. (2005; 20 to 50 min). The evidence from these
studies suggests that exposure duration had a greater influence on the extent of injury than the
SPL. We infer then that assessing the likelihood of an injury to an organism’s hearing structures
should generally give greater weight to exposure duration than magnitude (SPL). Given the
extremely short exposure duration of murrelets (one second maximum duration per event), the
likelihood of injury is extremely low (discountable), although exposure to an SPL above 110
dBA may occur.

If the exposures are at a level where a threshold shift could occur, the lack of an adequate
recovery period could induce permanent, acute hearing loss (Gisiner et al. 1998). Although we
have no way to assess whether or not multiple exposures at SPLs in excess of 110 dBA would
occur or at what time interval they might occur, we expect exposure will be highly variable and
intermittent for each individual murrelet, with adequate recovery time between each exposure
should multiple exposures occur. The FWS does not expect, therefore, that the frequency of
exposure for any individual murrelet would lead to an increased likelihood of injury because of
the extremely short exposure duration of less than 1 second (at peak levels).

“ The Navy informed the FWS during at the 30 July 2010 meeting that 68 percent of the training missions use the
southeast (43 percent) or west (25 percent) runways. Aircraft using these runways will be at significantly higher
altitudes when over marine waters due to the minimum two-mile distance these runways are from marine waters.
Thus, the remaining 32 percent of the sorties (3,772) present the greatest risk of murrelets exposure to high SPLs.
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Masking

Masking of murrelet vocalizations can occur with the Navy’s training when training exercises
transmit sound (noise) into the air at high SPLs and within the same frequency range as murrelet
hearing. Such masking can interfere with the detection of biologically important acoustic
stimuli. Murrelets tend to be more vocal at sea compared to other alcids (Nelson 1997).
Individuals often vocalize: 1) after surfacing following a forage dive, particularly when they
surface apart from each other (Strachan et al. 1995); 2) during courtship and pair bonding; 3) and
even after disturbance (Strachan et al. 1995). High, airborne SPLs have a high potential to mask
biologically important acoustic stimuli for murrelets due to the broad-band frequencies and SPLs
from Navy training activities. If masking occurs at locations of biological importance (foraging
or nesting habitat) and is of sufficient duration to impair reception of biologically important
stimuli, normal murrelets behavior may be significantly disrupted.

High sound levels generated by Navy training operations (involving aircraft and demolition
training) are likely to mask important vocalizations between murrelets in marine and nesting
habitat. Murrelet vocalizations may be masked at received noise levels of 81 dBA to 120 dBA
due to the number of events. The risk of masking in the marine environment is high considering
the frequency, localized nature, and high magnitudes (up to approximately 115 to 120 dBA) of
the stressors. The risk of masking at active nest sites, however, is expected to be less due to the
widespread nature, lower magnitudes (up to approximately 81 dBA), and infrequent occurrence
at a given nest site.

Vocalizations are an important component of avian life history. For murrelets in the marine
environment, vocalization plays an important role in foraging (Strachan 1995), courtship, and
pairing. Therefore, the Navy’s training activities could inhibit or disrupt foraging, pairing, or
courtship if the acoustic events are of sufficient duration and/or frequency such that foraging
efficiency (winter or summer) or courtship/pairing are measurably affected. Courtship begins in
late winter/early spring and continues through the summer (April 1 to September 15) (Nelson
1997; Speckman et al. 2000).

Dooling and Popper (2007 p. 40, 53) report short-term behavioral changes in some bird species,
including penguins, in response to noise, presumably to enhance communication among
conspecifics. These short-term strategies, effective when ambient sound levels (received) are as
high as 70 dBA, include scanning (head turning), raising vocal output, and changing singing
location. The authors suggest that all birds likely employ all three strategies simultaneously to
gain acoustic signal strength.

We expect murrelets are likely to respond in this manner in the marine environment, but less
likely to do so in nesting habitat. Murrelet nesting behavior is a reclusive and secretive strategy
to avoid predator detection. Rather than increasing vocalizations in response to high SPL
acoustic events, we believe it is more reasonable to assume individuals will suspend a
vocalization and wait (likely less than 1 minute) for the short-duration (up to 5 sec maximum)
acoustic event to terminate before resuming the nesting behavior. Thus, we conclude masking is
unlikely to occur at active murrelet nests.
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In comparison, we expect masking to occur in the marine environment on a frequent basis.
These masking events will be extremely brief, however, not lasting for more than 5 seconds for
any single event. Murrelets may respond with an increase in scanning (head turning), a raised
vocal output, and changed singing location, but these strategies will not likely be successful
during an acoustic event of 115 dBA. Individually and collectively, we do not expect
intermittent masking periods of this short duration to comprise a significant portion of a
murrelet’s daily or seasonal foraging activity budget. Therefore, these situations are unlikely to
measurably affect murrelets. We conclude that any biological effects from masking caused by
the Navy’s training is likely to be insignificant, although brief changes in murrelet behavior are
expected.

Other Physiological/Behavioral Responses in Terrestrial Habitat

The use of aircraft in training exercises in the Olympic MOA will introduce high SPLs into
murrelet nesting habitat during the nesting season (April 1 to September 15). We previously
completed an analysis of potential disturbance (visual and sound) from common management
activities to marbled murrelets (U.S. Fish and Wildlife Service 2003, 2008). Here we present the
content of that discussion as it addresses murrelet response to changes in the acoustic
environment of nesting habitat because we expect no visual disturbance to nesting murrelets
from Navy training activities in the Olympic MOA at a minimum flight level of 6,000 ft msl.

During the incubation and brooding periods (April 1 to August 5), we concluded that activities
that generate loud sounds within close proximity to nesting murrelets may cause a disturbance
response resulting in potential injury to murrelets. We concluded that behaviors indicating
significant disruptions to murrelets are flushing from the nest, aborted feeding, and postponed
feedings.

There are few data concerning the murrelet’s vulnerability to disturbance effects, except
anecdotal researcher observations that indicate murrelets typically exhibit a limited, temporary
behavioral response to noise disturbance at nest sites and are able to adapt to auditory stimuli
(Singer et al. 1995 in McShane et al. 2005; Long and Ralph 1998; Golightly et al. 2002). In
general, responses to auditory stimuli at nests sites have been modifications of posture and on
nest behaviors (Long and Ralph 1998).

Adult murrelets typically incubate for a 24-hour period, then exchange duties with their mate at
dawn. Hatchlings appear to be brooded by an adult for 1 to 2 days and are then left alone at the
nest for the remainder of the rearing period, except during feedings. Both parents feed the chick,
which receives 1-8 meals per day (Nelson 1997). Most meals are delivered early in the morning,
while about a third are delivered at dusk. Food is sometimes delivered during the day (Nelson
and Hamer 1995). Based on the data presented by Nelson and Hamer (1995), approximately 80
percent of the feedings occur during the 2 hours after sunrise and 2 hours before sunset.

While the unique breeding biology of the murrelet is not conducive to comparison with other
species, studies on other alcid and seabird species have revealed detrimental effects of
disturbance to breeding success and the maintenance of viable populations (Cairns 1980; Pierce
and Simons 1986; Piatt et al. 1990; Beale and Monaghan 2004). Based on observations by
murrelet researchers, murrelets are likely to flush from nest sites (i.e., murrelet nesting behavior
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is significantly disrupted) in response to the presence of people and noise (chainsaws, heavy
equipment, rock drills, and impact pile drivers) at less than 120 yards (USFWS 2008, appendix
G-2). Flush response is also expected in response to explosive charges and helicopters
(Sikorsky) at low flight levels up to one mile horizontal distance (USFWS 2008, appendix G-2).
Fixed wing aircraft are not specifically addressed in 2008 analysis.

In a study on the effect of aircraft and vessel disturbance on breeding common murres (Uria
aalge), Rojek et al. (2007, p.65) found that aircraft overflights over 1,000 ft (305 m) AGL are
unlikely to cause disturbance, though not all breeding murres were unreactive to flights above
1,000 ft. A disturbance was defined by the authors as “head-bobbing” behavior or a flush (Rojek
et al. 2007, p. 63). Timing of the aircraft disturbance was an important factor as well. Murres
disturbed early in the egg-laying period flushed more often (Rojek et al. 2007, p. 66). Flushing
during incubation (in response to aircraft) led to greater (negative) effects on reproduction in a
breeding colony of white pelicans (Pelecanus erythrorhynchos) in British Columbia (Bunnell et
al. 1981, p. 9).

The fixed wing aircraft flying over the Olympic peninsula in the Olympic MOA will be at a
minimum flight level of 6,000 ft msl. Murrelet nesting habitat occurs in some areas of the
Olympic Peninsula at 4,000 ft elevation, resulting in a minimum vertical separation (worst case)
between nest habitat and Navy aircraft of 2,000 ft. We estimate that this results in a received
level of approximately 86 dBA™ in the forest canopy where murrelets may be nesting. Given the
continuous, broadband nature of aircraft sound, we believe murrelets will be able to detect a
significant portion of the sound field.

However, murrelet response is unlikely to result in a significant disruption of behavior for two
reasons. Sound profiles from aircraft overflights in this scenario (altitude) will generally have a
slow rate of onset before peaking at approximately 86 dBA, then gradually returning to ambient
level. The peak SPL is expected to last less than one second and the entire acoustic event will
span a period of approximately one minute. This scenario will be repeated perhaps as many as
2,000 times annually®® over a variety of locations in the airspace over the Olympic Peninsula.

A slow rate of onset was offered as a partial (and important) explanation for the lower responses
observed in Mexican spotted owls from helicopter overflights (Delaney et al. 1999). Second, the
peak SPL of 86 dBA is generally considered below the potentially disruptive (i.e., disruptive of
normal behavior) threshold of 92 dBA (USFWS 2008). We therefore conclude the response of
breeding murrelets to aircraft overflights conducting training missions in the airspace over the
Olympic Peninsula will not result in flushing or failed attempts by adults to feed nestlings.
Therefore the effect to murrelets from Naval aircraft training at 2,000 ft AGL over the Olympic
Peninsula is considered to be insignificant.

1> We derived this estimate from the general relationship of a 6 dB increase for every halving of the distance. With a
received level of 63 dBA at 4.6 miles (24,288 ft) as the starting point (U.S. Navy 2009a, p. 10), we expect the
received levels from an aircraft at approximately 2,000 above the forest canopy to be approximately 86 dBA
(approximately equivalent to the level of a generator at 50 ft, Dooling and Popper 2007, p. 14).

18 Up to 2,000 sorties are proposed for the inshore and offshore training needs (Table 2-9, p. 2-33 in DEIS, vol. 1)
for air combat maneuvers.

117



Other Physiological/Behavioral Responses in Marine Habitat

The most significant behavioral response of murrelets encountering intermittent, high SPL
stressors from in-air sound associated with the Seaplane Base and Bangor DTRs, EOD Floral
Point and EOD Crescent Harbor (floating mine detonations), and aircraft (rotary wing) is
expected in the following two scenarios: (1) murrelets perceive the sound field (while at the
surface) and move by swimming, diving, or flying out of the immediate vicinity to a location
where the sound field is less intense or (2) murrelets exhibit no behavioral response but may
experience some level of a physiological stress response.

Seabirds can exhibit a wide range of behavioral responses to anthropogenic disturbance (Klein et
al. 1995) but relying solely upon behavioral responses as the indicator of a species’ sensitivity to
airborne sound stressors could lead to errant conclusions about the effects at the individual or
population scale. In fact, the findings of Ross et al. (2001), as well as observations of murrelets
foraging near active pile driving projects (Entranco and Hamer Environmental 2005), suggest
that murrelets are unlikely to exhibit a detectable change in foraging behavior due to an
encounter with in air sound field.

For example, overall body condition and foraging success are proximate and synergistic factors
that can cause animals to exhibit less behavioral response to disturbance stimuli when food
intake is in high demand (Stillman and Goss-Custard 2002). In the scenario where foraging
success is high and body condition is low (i.e., during winter and for breeder during the breeding
season), a murrelet behavioral response to in-air sound would likely be lower. Thus, adopting
the conceptual framework offered by Gill et al. (1996), murrelet response to the airborne acoustic
stimuli are likely to represent trade-offs between food intake and the perceived predation risk.

More explicitly, we expect that murrelet response will depend upon the perceived tradeoff
between the energy needs at the moment and the perceived risk of the sound fields (similar to a
predator). When the perceived threat is high, we assume that murrelets even in the poorest
condition will exhibit a behavioral response such as flying. In this scenario, individual survival
or fecundity may be reduced if forage is a limiting factor of survival or fecundity.

When researchers examined the behavioral response of shorebirds to the disturbance stimuli of
people approaching birds in boats (Ross et al. 2001) and on foot (Goss-Custard 2002), they
observed flush responses based upon a perceived threat and no flush responses when the threats
were not “rewarded.” We infer from Ross et al. (2001), Stillman and Goss-Custard (2002), and
Gill et al. (1996) that a bird’s perceived risk of a threat, and whether or not the increased
vigilance is rewarded, is fundamental to assessing the likelihood of a flush. In other words, the
experiences or learning that a bird acquires after exposure over time to a stressor plays a role in
future responses to that stressor.

For example, the response of seabirds, including marbled murrelets, was monitored in an
uncontrolled study during impact pile driving associated with the Hood Canal Floating Bridge
Replacement project in Washington (Entranco and Hamer Environmental 2005). At the onset of
pile driving, observers noted that the response of seabirds was typically to flush. However, this
response lessened over time, suggesting habituation may have occurred. In particular, murrelets
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were observed in close proximity to active pile driving and continued to dive and forage
(Entranco and Hamer Environmental 2005). Habituation appears to be an important
consideration in measuring bird response in terms of whether or not the stressor causes a
“disturbance” (Brown 1990, p. 587; Rojek et al. 2007, p. 61; Dooling and Popper 2007, p. 39).

Habituation is believed to be one of several forms of learning (Welty 1982, pp. 208-215) and is
believed to be the simplest. Other forms of learning include conditioned behavior, trial and
error, and insight. Habituation as a form of learning is defined as the waning of a preexisting
response as a result of repeated stimulation when the stimulation is not followed by any kind of
reward or punishment (i.e., reinforcement) (Welty 1982, p. 208).

We expect that some murrelets will be exposed repeatedly to high SPLs (non-injurious levels),
particularly with the proposed training at the Seaplane Base DTR where the Navy proposes
1,850 detonations (1.25 Ib and 2.0 Ib) annually. The Navy also proposes 118 detonations (1.25
Ib and 2.0 Ib) at Bangor DTR, several surface detonations at EOD ranges annually, and
thousands of sorties annually (combined total number of sorties departing and arriving at Ault
Field, DTR Seaplane Base, and OLF Coupeville). Therefore, we expect repeated acoustic
stimulation of murrelets in the marine environment.

In general, we expect that some murrelets (with no pre-existing exposure) will flush, dive, or
swim away as an initial response. The initial response to helicopters may be prolonged because
they probably cause more disturbance than fixed wing aircraft due to the low-flight level use,
higher received sound levels, and rotor vibrations (Rojek et al. 2007, p. 65). However, Navy
personnel and support vessels will not be directly pursuing murrelets under any training scenario
concurrent with exposure. Although murrelets may initially exhibit any of the aforementioned
behaviors that could lead to termination or interruption of a foraging bout, we expect this
behavior and any associated physiological response, will lessen over time in the absence of
reinforcement (i.e., a real anthropogenic threat associated with aircraft, DTR and/or EOD
activities in sustained pursuit of murrelets).

Therefore, we conclude that murrelets are likely to habituate'’ to in-air sound fields. Some
murrelets may have no previous exposure to these sound fields and may have a stronger
behavioral response initially, but as reasoned above, they are not likely to abort foraging as a
result of encountering a sound field. As a result, we expect that murrelets will generally continue
to forage within these lower intensity sound fields as a learned response to the stimulus
(habituation). In fact, habituation has likely already occurred in many of the murrelets because
DTR explosive ordnance and aircraft have been utilized in Navy training exercises within Puget
Sound for decades.

Anthropogenic Presence
Training activities involving the surface vessels, aircraft, subsurface vessels and diver insertions

into marine waters are expected to physically displace murrelets and spatially redistribute
individual murrelets that encounter these training activities on the water. Murrelet response to

" Habituation is a simple form of learning, in which an animal, after a period of exposure to a stimulus, stops
responding.
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Navy vessel and aircraft operation could include diving, swimming away from a vessel, or
relocating to a different foraging or loafing area. Vessels may cause fewer disturbances at less
than 100m than aircraft at seabird nesting colonies, but may lead to more severe effects (Rojek et
al. 2007, p. 66).

Agness et al. (2008) investigated the potential effects of vessels on the near shore density and
behavior of Kittlitz’s murrelets (Brachyramphus brevirostris) in one summer (breeding) season
at Glacier Bay, AK, with particular emphasis on the behavioral (response) differences between
breeding and non-breeding adults and forage group size at three time scales: instantaneous, 30-
minutes, and daily. In general, Kittlitz’s murrelets were immediately displaced by vessel traffic,
resulting in a 40 percent decrease in the nearshore density for up to 30 minutes. Murrelet density
returned to or exceeded the pre-exposure density within the same day. The authors also noted
that group size did not change at the 30-minute or daily time scales and inferred that group
dynamics (possibly of importance to foraging success) was unaffected on days with high vessel
traffic (Agness et al. 2008, p. 352).

Overall, however, the authors noted a three-fold increase in dive behavior on days with higher
vessel traffic. However, this did not appear to be a direct response to an approaching vessel as
no change in dive behavior was detected at the instantaneous and 30 minute time scales (Agness
et al. 2008, p. 352). Rather, the increase in dive behavior (presumably foraging) was probably in
response to the 30 percent increase in flight behavior that placed an increased energetic demand
on individuals and led to the observed higher frequency in diving and foraging behavior.

Non-breeding Kittlitz’s murrelets were much more likely to flush in response to vessel traffic,
and breeding murrelets (holding a fish for delivery to inland nestlings) were more likely to dive.
Breeding adults seldom flew while holding a fish, probably because the combination of the
added weight and effort of holding a fish made diving energetically more preferable (Agness et
al. 2008, p. 352). Dive behavior of murrelets with fish was also observed by Speckman et al.
(2004, p. 33) in response to research boats attempting to approach the birds. Fish-holding
murrelets will sometimes fly when the vessels are larger and approaching at greater distances or
at faster speeds (Bellefluer et al. 2009; Agness et al. 2008).

Speckman et al. (2004, p. 33) also noted that fish-holding murrelets swallowed prey intended for
nestlings after multiple dives to escape the approaching boat (within 40 m). Non-breeding
murrelets probably have higher energy reserves than non-breeders, which could make them more
prone to make the tradeoff of expending the higher energy associated with flying, in contrast to
swimming away from approaching vessels as observed by Speckman et al. (2004).

We assume the response of marbled murrelets to Navy vessels and aircraft will be similar to the
closely related Kittlitz’s murrelet, as described above. The visual stimuli associated with Navy
vessels and aircraft is likely to induce either diving or flying behavior in affected murrelets. We
expect this will have no effect on the foraging success of murrelets, but it is unclear to us what
effect, if any, this response behavior has on breeding and what effect, if any, habituation may
play. The body of evidence presented above leads us to conclude that it is extremely unlikely
that the breeding success of murrelets will be affected by the Navy’s vessel activity because
murrelets are likely to behaviorally adapt to vessels, probably to minimize energy expenditure.
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Habituation to vessel traffic, as commented on by Speckman et al. (2004), will likely further
mitigate energy expenditures in response to Navy vessels and aircraft. Thus, we conclude
murrelets are unlikely to experience any deleterious physiological effects that will reduce
breeding success. Therefore, the disruptive effect to murrelets from the Navy’s marine-based
training is expected to be insignificant and murrelets are expected to resume their loafing,
breeding, and foraging behavior.

Summary of Adverse Effects
Coastal/Puget Sound Bull Trout

The Navy EOD training involves detonations of explosive charges up to 2.5 Ibs to disable inert
mines. The training involves both underwater and surface detonations. Prior to underwater
detonations, the mine and explosive are lowered to the seafloor to minimize explosive impacts
into the water column. Surface detonations occur approximate 1 meter below the water’s
surface, on the bottom of a 55-gallon drum floating in the water. We do not expect bull trout to
be directly exposed to underwater pressure waves caused by surface detonations because a
significant portion of the blast energy is exerted vertically into the air. This results in little
energy released into the water, thus significantly reducing the overall risk of exposure.

Underwater detonations (at 95 ft), however, generate considerable energy and affect a large
underwater volume such that bull trout are expected to be killed or physically injured by each
blast. Underwater detonations result in a kill or injury zone that radiates out 486 ft from the
explosive (a volume of 70.4 million cubic ft). The FWS estimates that the EOD training
exercises will result in the loss or injury of ten bull trout during the five years of training. No
other direct or indirect effects to bull trout are anticipated from the action.

Murrelets

Murrelets occur year-round in the action area and are expected to have injurious effects from
exposure to high SPLs underwater. These effects are expected as a result of the Navy’s proposed
EOD training at Floral Point and Crescent Harbor. Murrelets of all age classes from
Conservation Zone 1 are expected to be exposed to high underwater SPLs while individuals are
foraging. The extent of the injuries include permanent and temporary reduction in hearing
sensitivity. Although a temporary threshold shift is not expected to result in any changes in
survival or lifetime reproductive success in any individuals, a permanent threshold shift is likely
to reduce the future breeding success of all subadult and juvenile murrelets (i.e., those that are
currently subadults and juveniles) and some adult murrelets. The permanently reduced hearing
sensitivity in subadults and juvenile murrelets is expected to inhibit development or learning of
important pairing, courtship, and nesting behaviors. Therefore, the lifetime reproductive success
of subadult and juvenile murrelets is likely to be reduced. However, we were unable to quantify
the number of murrelets affected in this manner.

Adults with prior breeding experience are less likely to experience reproductive failure due to

their higher adaptive potential stemming from their prior breeding experience. Adult birds are
more likely to have learned the nesting behaviors associated with successful nesting due to their
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exposure to the acoustic signals important for nest success. As a result, most murrelets affected
(as adults) with a permanent reduction in hearing sensitivity are expected to benefit from this
prior breeding experience and effectively cope with the potential deleterious effects of a
permanent reduction in hearing sensitivity without a measurable change in their lifetime
reproductive success. Nonetheless, it is reasonable to assume that not all adults will be able to
offset the PTS effects and some adult murrelets may experience a lower lifetime reproductive
success due to the increased risk of nest predation.

In addition, we expect murrelets from Conservation Zones 1 and 2 will also be frequently
exposed to several other stressors in the marine and terrestrial environments. These stressors
include high SPLs in Puget Sound from aircraft and the use of high explosive ordnance at the
DTRs; high SPLs in nesting habitat on the Olympic Peninsula during the nesting season; and a
considerable amount of vessel activity in Puget Sound. Although frequent over a considerable
spatial extent, we do not expect essential or normal murrelet behavior to be significantly
impaired or disrupted by these individual stressors.

CUMULATIVE EFFECTS

Cumulative effects include the effects of future State, tribal, local or private actions that are
reasonably certain to occur in the action area considered in this biological opinion. Future
Federal actions that are unrelated to the proposed action are not considered in this section
because they require separate consultation pursuant to section 7 of the ESA. This cumulative
effects analysis focuses on those portions of the action area where significant adverse effects to
listed species are anticipated.

Current and future stressors in the action area are expected to adversely affect murrelets and bull
trout. Urban development and climate change are two stressors that are most likely to affect
conditions in the action area and the listed resources that occur there, including murrelets and
bull trout.

Urban development is reasonably certain to occur adjacent to the action area and will likely
result in increased stormwater and wastewater discharges. Murrelets, bull trout and their prey
species in the action area are likely to be negatively affected as a result of degraded water quality
from these discharges. The severity of effects to murrelets and bull trout will depend on the
amount and concentration of contaminants discharged, which is determined by many factors
(e.g., existence of stormwater Best Management Practices (BMPs), maintenance of the
stormwater BMPs, time between rain events), and is likely to be more severe in urbanized areas.
Disruption of murrelet foraging due to high levels of boat traffic may also cause measurable
effects.

Ongoing human activities are expected to increase in the future. For example, Island and Skagit
counties, which are part of the action area, are expected to increase in population by 40 and 60
percent respectively, between 2005 and 2030 (Washington Office of Financial Management
2010). Similar increases in population growth are expected for other counties surrounding Puget
Sound.
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Climate change is anticipated to result in sea level rise, increased water temperatures, and
decreases in the pH of marine waters in the action area. As sea level rises, a greater amount of
shoreline will likely be armored to protect public property and reduce threats to public safety
(Penttila 2007, p. 18). Current levels of shoreline armoring within Puget Sound have interfered
with natural erosion of upland material (organic and inorganic debris) onto the beach and into the
intertidal area, caused beach scouring, and resulted in changes in population structure of
epibenthic and benthic organisms. A decrease in marine water pH is expected to affect marine
organisms at the base of the food chain and those species that are temperature sensitive, such as
forage fish species. Increased water temperatures will likely affect forage fish populations
directly by influencing survival and growth, and indirectly by changing the predator/prey ratio
(U.S. Global Change Research Program 2003, Fisheries and Oceans and Environment Canada
2008).

Increasing acidification of marine waters may have significant impacts on marine food-webs and
is likely to adversely affect the forage fish food base. Calcifying species of plankton are
expected to suffer serious negative impacts from increased ocean acidification. The negative
impacts of increased acidity on plankton may cause negative impacts to many other species
which are important food sources for juvenile salmon, herring, and cod (Ruckelshaus and
McClure 2007, p. 55).

The anticipated future changes in water quality (pH and temperature) along with a loss or
degradation of habitat from increased armoring and effects on prey are expected to add to the
current stressors on murrelets and bull trout.

INTEGRATION AND SYNTHESIS OF EFFECTS

Regulations direct the FWS to evaluate whether a proposed action is likely to jeopardize the
continued existence of threatened or endangered species. The continued existence of a listed
species depends upon the fate of the populations that comprise them and the continued existence
of a population is determined by the fate of individuals that comprise the population. That is, the
abundance, reproduction, and distribution of a given species depends upon the collective
performance of populations within the geographic extent of the species in the wild. Population
performance is typically measured by rates of increase or decrease and is derived as a function of
an individual’s ability to live, die, grow, mature, migrate, and reproduce.

In this opinion, we have described the status of the coastal/Puget Sound bull trout and marbled
murrelet at the rangewide scale, affected population scale, and the action area scale. We have
also described the environmental baseline conditions at the scale of the action area, and
summarized the effects of the action, including any indirect or cumulative effects that caused a
significant disruption or impairment of an individual’s behavior. In addition, we evaluated the
action’s effects on an individual’s ability to live, grow, mature, migrate, and reproduce in some
manner (the expected change in “fitness™®). We now integrate and synthesize this evidence to

18 Fitness is a measure of the response of a population of organisms to natural selection, based upon the number of
offspring contributed to the next generation in relation to the number of offspring required to maintain the subject
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determine how the proposed action may alter the likelihood of persistence for the populations
those individuals represent.

Our objective in this section, and the primary purpose of this biological opinion, is to determine
whether the population-level effects caused by the Navy’s proposed action will appreciably
reduce the likelihood of survival and recovery of these species in the wild. We make these
determinations (one for each species) by considering any identified or reasoned reductions in the
species’ reproduction, abundance, or distribution at the recovery unit and at the listed range
scales for each species.

The Basics of Population Change

The factors that govern observed population changes are classified into three general categories:
stabilizing, non-stabilizing, and cyclic (Rickleffs 1979). Stabilizing influences generate
population patterns that maintain populations near an equilibrium point and vary depending upon
whether a given population is experiencing negative or positive population growth. Stabilizing
factors are better thought of as density-dependent factors and they influence the number of births
and deaths in a population (ratio of births to deaths) primarily through behavioral mechanisms
relating to competition for resources (food, habitat, territories, etc.) and predation pressures.
Non-stabilizing, density independent factors affect population size without regard to the
population equilibrium point. These factors include global climate change, habitat loss,
stochastic events, and anthropogenic exploitation. Other populations are predominately
influenced by cyclic factors such as food supply, precipitation, etc. and simply oscillate over
time.

Populations with negative growth (i.e., deaths exceed births) are more susceptible to extinction
when density independent mechanisms are the dominant influence (Rickleffs 1979). This
increased risk of extinction arises from the failure of species to adapt quickly enough to “solve”
the excessive death rate (Rickleffs 1979). Although extinction is a chance event, it is not a
random event when density independent, non-stabilizing factors drive populations to extinction.

Extinction as a chance event is influenced by two corollaries: the size of a population and the
reference time period. Extinction is more likely with smaller populations in any given time
period and more likely over time with any given population size (Soule et al. 1987). In other
words, extinction as a chance event is expected for all species if given enough time.
Consequently, one cannot predict the likelihood of extinction without establishing a reference
time period. Once established, the likelihood (probability) of extinction can be stated by
evaluating the relevant density dependent and independent factors that govern population
change, giving special attention to those factors that drive populations to extinction.

population at its’ current size (Abercrombie et al. 1980). Maintaining the fitness (growth, survival, and annual
recruitment, and lifetime reproductive success of individuals) is a necessary attribute of viable populations.
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Coastal/Puget Sound Bull Trout

Five IRUs were identified during the listing process. There are four conservation directives for
each IRU. They are:

e maintain or expand the current distribution of the bull trout within core areas;
e maintain stable or increasing trends in bull trout abundance;

e maintain/restore suitable habitat conditions for all bull trout life history stages and
strategies; and

e conserve genetic diversity and provide opportunities for genetic exchange.

Collectively, the above criteria depict the intended survival and recovery function of each IRUs.
The action area is located within the Coastal-Puget Sound IRU.

This IRU currently contains 14 core areas and 67 local populations. The anadromous life history
form present in this IRU is not found in any other IRUs throughout the listed range of the
species. The marine environment provides enhanced foraging opportunities and a migration
corridor to non-natal foraging areas. Within the Coastal-Puget Sound IRU, bull trout are
distributed throughout most of the large rivers and associated tributary systems, but local
extirpations have occurred in this IRU and some of the remaining populations are isolated or
fragmented. Bull trout abundance has declined as well, especially in the southeastern portion of
the IRU.

Bull trout present in Admiralty Bay (Crescent Harbor) are believed to be from the Lower Skagit
River, Stillaguamish River, and the Snohomish/Skykomish River core areas. The Lower Skagit
River core area consists of 19 local populations and has the highest abundance with the number
of adults ranging between 2,500 to 10,000 (FWS 2006). The short-term trend in population
numbers is increasing and overall it has a low risk for habitat degradation and population
declines. The Snohomish/Skykomish River core area has four local populations and has a
population of 1,000 to 2,500 adults. The population trend is increasing and the overall risk is
ranked as potential risk for limited or declining numbers and habitat degradation. The
Stillaguamish River core area consists of four local populations and has a smaller population
with 250 to 1,000 adults. The population trend is unknown and the overall status is ranked as “at
risk” for very limited or declining number and habitat degradation and, thus, the core area is
particularly vulnerable to extirpation. Although population trend data from redds are available,
demographic data are not.

The overall condition of the environmental baseline at Crescent Harbor is influenced by on-
going activities that occur within watersheds that drain into Puget Sound. Water quality is highly
influenced by stormwater runoff, wastewater discharges, and nonpoint sources. Toxins that enter
Puget Sound remain in the system and likely enter the food chain. NAS Whidbey Island has
modified some of the shoreline in Crescent Harbor. The Navy has constructed seawalls,
bulkheads, and protected parts of the shoreline with riprap. The rest of the shoreline is in a
natural state with some high bluffs that provide sediment to Crescent Harbor.
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Crescent Harbor is highly influenced by the Skagit River and becomes stratified during the
summer with surface waters ranging between 10 to 13 C°. Dissolved oxygen concentrations are
highest in the surface waters (up to 15 mg/L), but do not meet levels needed for most salmonid
species in deeper waters below the thermocline (< 5 mg/L). A variety of habitats are found
throughout the action area including shallow subtidal bays, mud flats, and open mixed-coarse
beaches. Negative effects from dredging, armoring and the construction of piers and docks are
also present in Crescent Harbor.

Population and Species Level Consequences

A qualitative evaluation of the effects to bull trout populations is provided, because demographic
data are not available for a quantitative analysis.

Because the Lower Skagit River core area enters directly into the action area, and supports many
more bull trout than either of the other two core areas, we believe the majority of bull trout
exposed to the action and injured or killed are most likely to be from this core area. Although
less likely, some of the bull trout killed may also be from the Snohomish/Skykomish river core
area. However, very few bull trout from the Stillaguamish core area are expected in Crescent
Harbor based on their low abundance and farther distance.

The FWS concludes that the estimated ten bull trout killed over the five-year period of 2010 to
2014 will not lead to an appreciable reduction in the likelihood of survival and recovery of the
species in any core area. The basis for this finding is:

e the Skagit river core area currently has a robust, self-regulating population (2,500 to
10,000 adults) sufficient to support a legal harvest;

o the lower Skagit river and Snohomish/Skykomish river core areas have increasing trends;
and

o the Stillaguamish river core area, with an unknown population trend, is the least likely to
be present in Crescent Harbor.

The two core areas from which bull trout in the action area most likely originate are anticipated
to be sufficiently resilient to the loss of 10 individuals that we do not expect an appreciable
reduction in the likelihood of persistence at either the core area or IRU scales. Therefore, the
proposed action, and any cumulative effects, are not expected to appreciably reduce the bull
trout’s likelihood of survival and recovery through a reduction in reproduction, numbers, or
distribution, at the scale of the core area and IRU. Based on the same reasoning, we do not
anticipate the proposed action to appreciably reduce the likelihood of persistence of the unique
anadromous life history component that is vital to this IRU.

Marbled Murrelet
The factors that led to the extinction of the great auk (Pinguinus impennis), another Alcid

seabird, illustrates the influence that density independent factors can have on species persistence.
A highly abundant, flightless North Atlantic seabird in the early 1700’s, the great auk possessed
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little ability to respond to sustained exploitation (a non-stabilizing, density independent factor)
because the species was generally unable to avoid capture and had a naturally low annual
reproductive rate of one egg per breeding female (Montevecchi and Kirk 1996). Although the
species was adapted to predation as a density dependent factor, maritime hunters and explorers (a
density independent influence) effectively triggered a high adult mortality rate, causing a sharp
decline in fecundity. Despite the abundant availability of breeding habitat, the great auk was
driven to extinction by 1844 (Montevecchi and Kirk 1996), because the reproductive potential
could not compensate for human-caused mortality of breeding adults and nest failures from egg
collections.

To determine the importance of demographic consequences caused by the action, we compare
estimates of population parameters (adult survival and fecundity) with and without the action.
We begin this analysis with a more detailed investigation of the population status of
Conservation Zone 1, as briefly presented in the Status of the Species section of this opinion. We
then consider both the short- and long-term changes in demographic survival rates and fecundity
in relation to the survival and recovery of the species, first at the scale of Conservation Zone 1
and then throughout the listed range.

Rangewide Murrelet Population Status

Achieving recovery of the murrelet population in the coterminous United States requires at least
four of the six Conservation Zones to contain viable populations (U.S. Fish and Wildlife 1997a).
The key to maintaining murrelet numbers, distribution, and reproductive performance identified
in the Recovery Plan include 1) protecting and improving the quality of the marine environment
and 2) reducing adult and juvenile mortality in the marine environment. Typical of K-selected
species, the murrelet population is particularly sensitive to adult mortality.

Current population estimates indicate four Conservation Zones contain relatively robust numbers
of murrelets (Conservation Zones 1 to 4). However, the historical frequency of sudden, wide-
spread lethal impacts from oil spills (Bentivoglio et al. 2002; Ford et al. 2001) coupled with
exceedingly low annual reproduction of murrelets, raises significant uncertainty for the viability
and long-term survival of the species (McShane et al. 2004).

The 2007 and 2008 abundance estimates within the species listed range were the lowest recorded
since inception of the Effectiveness Monitoring program (Falxa et al. 2009, p. 9), with the
current population size within the listed range of the species estimated at 17,965 birds (95% CI:
14,722 - 21,208; USFWS 2009, p.16). Trend analyses of the change in murrelet abundance
within Conservation Zones 1 to 5 did not detect statistically significant trends at the scale of the
Conservation Zone for 2000 to 2008™, yet the decline in Conservation Zone 3 is approaching
significance (p=0.0731) for the 2000 to 2008 period (Falxa et al. 2009, p. 14). The overall
population trend from the combined 2000 to 2008 population estimates (across all Conservation
Zones 1 to 5) indicate a statistically significant, rangewide annual rate of decline from 2.4 to 4.3
percent (Falxa et al. 2009, p. 14), or about 490 birds per year (se = 241, p =0.0412). This
equates to an overall estimated 21.6 percent decline during the 2000-2008 survey period.

91f the 2000 data are excluded, trend analyses detected a highly significant decline in Conservation Zone 1 (p =
0.0099) with an estimated annual rate of decline of 7.9 percent (SE = 183) or 577 birds per year.
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Murrelets currently occupy the full spatial extent of their historical distribution, but the area of
occupancy within their range may be reduced from historic levels. The species distribution
exhibits five areas of discontinuity: a segment of the border region between British Columbia,
Canada and Washington; southern Puget Sound, WA; Destruction Island, WA to Tillamook
Head, OR; Humboldt County, CA to Half Moon Bay, CA; and the entire southern end of the
breeding range in the vicinity of Santa Cruz and Monterey Counties, CA (McShane et al. 2004,
p. 3-70).

The current range of estimates for R, the juvenile to adult ratio, is below the level necessary to
maintain or increase the murrelet population. Whether derived from marine surveys or from
population modeling (R = 0.02 to 0.13, table 1, Appendix B), the available information confirms
that the current ratio of hatch-year birds to after-hatch year birds is insufficient to maintain stable
numbers of murrelets throughout the listed range. The current estimates for R also appear to be
well below what may have occurred prior to the murrelet population decline (Beissinger and
Peery (2007, p. 298). Model predictions forecast an extinction risk of 16 percent, with a 3-state
mean population size of 45 individuals in 100 years in the listed portion of the species’ range
(McShane et al. 2004, p. 3-58). It is apparent that the breeding success throughout the species’
listed range is currently too low to maintain or increase populations (Ralph et al. 2001, McShane
et al. 2004). The prediction for A, the intrinsic rate of population change (all Conservation
Zones) during the current decade (2001-2010), ranges from -3 percent to -6.2 percent (McShane
et al. 2004).

The best available science indicates that murrelet populations are currently incapable of
reproducing sufficiently to maintain population viability throughout the listed range. Therefore,
we agree with Ralph et al. (1995) that the low annual maximum reproductive capability of
female murrelets, among the lowest of all alcids, warrants greatest attention in conservation and
recovery planning. This inherently low annual reproductive capability coupled with the suite of
mortality factors affecting murrelets in Conservation Zone 1, indicates that the species will
continue to experience local and rangewide population declines in the foreseeable future. The
survival and recovery of this species appears to be dependent upon the protection/improvement
of adult survival and breeding success.

Juvenile ratios, as an index of breeding success (McShane et al. 2004), also indicates that
fecundity is well below the necessary level needed to maintain the current murrelet abundance.
In California (Conservation Zones 4, 5 and 6), the leading causes of low fecundity are nest
predation and low food abundance in the marine environment (Peery et al. 2004). We expect
these factors to be the leading factors of poor breeding success in Washington (Conservation
Zones 1 and 2) and Oregon (Conservation Zones 3 and 4) as well.

Population Status in Conservation Zone 1

Although Conservation Zone 1 has the highest population estimate of all zones, this does not
infer population stability or viability. The best available science indicates the rate of population
growth is negative (A < 1.0). Two hypotheses have been offered to explain the relationship
between population size and population growth. First, immigration of breeding murrelets is
occurring from nearby coastal British Columbia (supported by the sensitivity analysis in the
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demographic zone models indicated a high sensitivity to immigration rate and fecundity,
McShane et al. 2004). Second, the number of non-breeding murrelets emigrating from northern
local populations (Raphael 2006) may be higher than expected and may cause skewed juvenile
ratios which may mask otherwise stable murrelet fecundity of a very small, resident breeding
population. Thus, population size or growth may be masked by immigration (Raphael 2006).

The poor breeding success inferred from juvenile ratios determined through at-sea monitoring in
Conservation Zone 1 and an adult survival estimate of 0.83 to 0.93, led investigators to conclude
the murrelet population trend is negative (McShane et al. 2005; Cam et al. 2003; Ralph et al.
1995). Therefore, mortality from any source could accelerate this negative population trend in
Conservation Zone 1. This analysis is intended to determine the magnitude of the action’s
consequences on the viability of murrelets in Conservation Zone 1 to determine if the action
would appreciably reduce the likelihood of survival and recovery of murrelets in Conservation
Zone 1 and their listed range.

McShane et al. (2004) modeled a 25 percent probability of murrelet extinction by year 2100 in
Conservation Zone 1 using the estimated 2001 zonal population size of 8,900 murrelets from
Huff et al. (2003), a 2 percent annual immigration rate, and continued losses of murrelets from
oil spills and gill nets, Of significant concern was the estimate for lambda (1), the intrinsic rate
of population growth, estimated below 1.0 (range of -2.2 percent to -3.4 percent annual
population change) for all time intervals between 2001-2040. A A = 1.0 is necessary for the
murrelets population to remain at its current abundance.

The population model for Conservation Zone 1 was most sensitive to fecundity (McShane et al.
2004). When the fecundity estimate of 0.089 was used (derived from date-corrected at-sea
juvenile-to-adult ratios from Conservation Zones 1 and 2) in comparison to fecundity rates of
0.38-0.54 from telemetry studies in British Columbia, the probability of extinction increased to
100 percent and the time to extinction was shortened to 2060. Based upon trends in other parts
of the range, as described by the FWS in the recent five-year status review of the murrelet (FWS
2009), the date-corrected at-sea juvenile-to-adult ratio specific to Conservation Zone 1 is
probably lower than 0.089. Based upon this lower fecundity, the FWS concludes murrelets in
Conservation Zone 1 are highly vulnerable to extinction within the next 50 to 100 years. Now,
with murrelet numbers reduced to 5,623 (3,922 — 8,352, 95 percent Cl; Falxa 2010 in litt.), the
trend projections of Conservation Zone 1 reported by McShane et al. (2004) appear to represent
reality.

Integration of Effects (Individuals)

Allostatic Loading

Stress is an ambiguous term. Therefore “stress” researchers often use the term “allostasis” to
define the process through which organisms maintain stability by actively adjusting behaviorally
and physiologically to both predictable (e.g. seasonal changes) an unpredictable events (e.g.

storms, predation) (McEwen and Wingfield 2003, Korte et al. 2004). A classic stress response
begins when an animal’s central nervous system perceives a potential threat to its homeostasis,
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thereby triggering a biological response that consists of a combination of behavioral responses,
autonomic nervous system responses, and neuroendocrine responses (Buchanan 2000).

Allostatic load refers to the cumulative wear and tear on the body as the adrenal hormones,
neurotransmitters, or immuno-cytokines are released in response to the event. The benefits of
allostasis and the costs of allostatic load produce trade-offs in health and disease. In the case of
many stressors, an animal’s first and most economical response (in biotic terms) is behavioral
avoidance of the potential stressor or avoidance of continued exposure to a stressor. An animal’s
second line of defense to stressors involves the autonomic nervous system and the classical
“fight or flight” response which produces changes in heart rate, blood pressure, and
gastrointestinal activity (Buchanan 2000, McEwen and Wingfield 2003, Korte et al. 2004) that
humans commonly associate with “stress.” These responses have a relatively short duration and
may or may not have significant long-term effect on an animal’s fitness. When an animal does
not have sufficient energy reserves to satisfy the energetic costs of a stress response, energy
resources must be diverted from other biotic functions, which, in turn, impair those functions that
experience the diversion (allostatic load). For example, when a stress response diverts energy
away from growth in young animals, those animals may experience stunted growth. When
mounting a stress response diverts energy away from egg production, an animal’s reproductive
success and its fitness will suffer.

The behavioral and physiological reactions to short- versus long-term stress will vary in extent
and consequence. The rapid onset of an unpredictable stress event, such as a predatory attack,
will bring on stress responses that are designed to aid an animal through immediate short periods
of stress. Stress continuing over longer periods (i.e. days to weeks) may result in deleterious
chronic effects like increased susceptibility to fatigue and disease (Buchanan 2000).

Relationships between the physiological response mechanisms, animal behavior, and the costs of
stress responses have been documented in seabirds (Holberton et al. 1996, Hood et al. 1998,
Kitaysky et al. 1999) and a variety of other vertebrates (Jessop et al. 2003, Krausman et al. 2004,
Romano et al. 2004, Smith et al 2004a and 2004b, Trimper et al. 1998). Although we are not
aware of any information collected on the physiological response of murrelets to stress, the
studies on other seabirds and vertebrates would lead us to expect some murrelets to experience
physiological stress responses upon exposure to the underwater detonations, the floating mine
detonations, and the helicopters.

We anticipate that any murrelets experiencing permanently reduced hearing sensitivity may
experience additional physiological effects that could be classified as “allostatic loading” when
they are exposed to other training exercises of the NWTRC (see below). We expect allostatic
loading will occur incrementally over time following the injurious effects caused by the
underwater detonations associated with EOD training. The allostatic loading could be caused by
any of the following stressors that murrelets may encounter in Puget Sound during the Navy’s
proposed five years of training in the NWTRC:

e aircraft overflights (11,786 sorties per year) associated with arrivals and departures at
Ault Field, with departures attaining the highest noise level of 115 dBA at 1,000 ft (U.S.
Navy 2008b, p. 3.5-7);
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e aircraft overflights associated with air to air warfare and strike warfare training in the
Olympic MOA during the murrelet nesting season with a received level of 86 dBA (over
2,000 sorties per year). The Navy proposes to fly fixed wing aircraft no lower than 6,000
ft msl (0 to 3 nm from shore) or 9,000 ft msl (3 to 5 nm) over Washington’s outer coastal
waters and 6,000 ft msl over the Olympic peninsula in the Olympic MOA.. In these areas,
murrelets (in Conservation Zones 1 or 2) may be as close as 2,000 ft from jet aircraft
flying over the peninsula during the nesting seasons (nesting habitat occurs up to an
elevation of 4,000 ft on the Olympic peninsula) or as close as 6,000 ft from jet aircraft
while feeding in the coastal waters;

e aircraft (helicopter) overflights associated with non-warfare training (100 sorties per
year) in Puget Sound (i.e., intelligence, surveillance, and reconnaissance) at the Seaplane
Base survival area with an unknown received level;

e aircraft (helicopter) overflights associated with mine countermeasure training (4 sorties
per year) and special warfare training (93 sorties per year) at OLF Coupeville, Seaplane
Base, and at EOD Crescent Harbor and Floral Point with an estimated received level of
approximately 90 dBA at 50 ft (U.S. Navy 2008b, p. 3.5-7);

¢ high explosive ordnance (C4) associated with demolition training at the Seaplane Base
DTR and Bangor DTR (combined total of 1,968 detonations annually) with an estimated
received level not to exceed 120 dBeax and floating mine demolition training at EOD
Crescent Harbor and Floral Point with an estimated maximum frequency of 4 per year
(unknown source SPL), and;

o vessel traffic associated with all marine-based training activities and exercises.

While we are unable to definitively describe the magnitude of these effects to individual
murrelets, we anticipate that the additive effect of the Navy’s training activities will result in
physiological effects classified as “allostatic loading”. That is, murrelets repeatedly exposed to
the above stressors would be expected to suffer the incremental, deleterious effects as adrenal
hormones, neurotransmitters, or immuno-cytokines are released in response to the numerous
training events. The effects of allostatic loading may be manifested by increased fatigue,
increased susceptibility to disease, reduced growth rates and consequently, a reduction in lifetime
reproductive success. We expect that these effects would be incrementally additive to the effects
of permanent threshold shifts in adult, subadult, and juvenile murrelets resulting from the
exposure to underwater detonations associated with EOD training.

Project Risk to Murrelet Population Viability

Consequences to Murrelet Fecundity in Conservation Zone 1

To evaluate the consequences of an incremental loss in the future reproductive potential of
murrelets in Conservation Zone 1, we assumed the following: 1) the loss in reproductive
potential will be additive; 2) the future population growth rate for the species will remain
negative (for all Conservation Zones) for at least the next several years; and 3) all affected
murrelets are residents of Conservation Zone 1. Again, evidence suggests that the species is
highly constrained by poor fecundity (McShane et al. 2004). Thus, the consequence of an
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incremental reduction in fecundity, though anticipated to be “small”, is not expected to be
replaced through natural reproduction at any time in the foreseeable future.

Consequences at the Conservation Zone and Listed Range Scales

Consistent with the projections of McShane et al. (2004), Falxa et al. (2009, p. 14) estimate an
annual loss of 490 (SE = 241) to 870 (SE = 129) birds per year (Conservation Zones 1-5),
representing an annual decline of 2.4 percent to 4.3 percent. The loss may be as high as 7.9
percent in Conservation Zone 1 (Falxa et al. 2009, p. 17). Considering a minimum projected -
3.40 percent (McShane et al. 2004, pg. 3-52) annual rate of population change in Conservation
Zone 1 during the next decade, the number of murrelets is expected to decrease by approximately
191 individuals (5,623 - 3.40 percent), or about 85 female murrelets annually, in the absence of
the proposed action.

Female murrelets that experience a permanent threshold shift are expected to have a reduced
reproductive contribution to the Conservation Zone 1. This would incrementally reduce either
the number of female murrelets available for mating, the number of initiated nests, or the nesting
success (fledging), although we are unable to quantify these effects. This is, in part, because the
effects to reproductive output would vary greatly between individuals affected with a permanent
threshold shift.

Considering this variability and the extremely small proportion of the future breeders at risk of
experiencing a permanent threshold shift, we do not expect the NWTRC, as proposed, to
measurably reduce the annual murrelet reproductive output in Conservation Zone 1. We base
this conclusion largely upon two factors: 1) the small change in the potential number of
successfully breeding females compared to the expected high variability in lifetime reproductive
success (fitness) between unaffected females; 2) the expected immeasurable contribution that
hearing-affected murrelets would make to the overall fecundity of the species in the future: and
3) the abundance of female murrelets appears to be sufficiently high at this time such that an
incremental reduction in the future reproductive potential would not be detectable. Given these
considerations, we do not expect an appreciable reduction in the likelihood of survival and
recovery of murrelets by reducing the reproduction, number or distribution of the murrelet in
Conservation Zone 1 or at the listed range.

CONCLUSION

Coastal/Puget Sound Bull Trout

After reviewing the current status of the coastal/Puget Sound bull trout, the environmental
baseline for the action area, the effects of the action and the cumulative effects, it is the

biological opinion of the FWS that the 2010-2015 NWTRC, as proposed, is not likely to
jeopardize the continued existence of the species.
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Marbled Murrelet

After reviewing the current status of the murrelet, the environmental baseline for the action area,
the effects of the action and the cumulative effects, it is the biological opinion of the FWS that
the 2010-2015 NWTRC, as proposed, is not likely to jeopardize the continued existence of the
species.

INCIDENTAL TAKE STATEMENT

Section 9 of the Act and Federal regulation pursuant to section 4(d) of the Act prohibit the take
of endangered and threatened species, respectively, without special exemption. Take is defined
as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or collect, or to attempt to
engage in any such conduct. Harm is defined by the FWS as an act, which actually kills or
injures wildlife. Such an act may include significant habitat modification or degradation where it
actually kills or injures wildlife by significantly impairing essential behavior patterns, including
breeding, feeding, or sheltering (50 CFR 17.3). Harass is defined by the FWS as an intentional
or negligent act or omission which creates the likelihood of injury to wildlife by annoying it to
such an extent as to significantly disrupt normal behavioral patterns which include, but are not
limited to, breeding, feeding, or sheltering (50 CFR 17.3). Incidental take is defined as take that
is incidental to, and not the purpose of, the carrying out of an otherwise lawful activity. Under
the terms of section 7(b)(4) and section 7(0)(2), taking that is incidental to and not intended as
part of the agency action is not considered to be prohibited taking under the Act provided that
such taking is in compliance with the terms and conditions of this Incidental Take Statement.

The measures described below are non-discretionary, and must be undertaken by the Navy so
that they become binding conditions, as appropriate, for the exemption in section 7(0)(2) to
apply. The Navy has a continuing duty to regulate the activity covered by this incidental take
statement. If the Navy 1) fails to assume and implement the terms and conditions or 2) fails to
require the (applicant) to adhere to the terms and conditions of the incidental take statement
through enforceable terms that are added to the permit or grant document, the protective
coverage of section 7(0)(2) may lapse. In order to monitor the impact of incidental take, the
Navy must report the progress of the action and its impact on the species to the FWS as specified
in the incidental take statement [50 CFR 402.14(i)(3)].

AMOUNT OR EXTENT OF TAKE

Bull Trout

The FWS anticipates ten adult or subadult bull trout could be taken as a result of this proposed
action. The incidental take is expected to be in the form of harm leading to mortality due to
EOD training activities at Crescent Harbor. This take is expected to occur over the time period

over the period of 5 years after the signature date for the Record of Decision implementing the
action.
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Marbled Murrelet

The FWS anticipates the incidental take of murrelets will be difficult to detect or quantify for the
following reasons:

e The area of potential incidental take is too large to monitor effectively;

¢ Any incidental take will be limited to those murrelets foraging under water at the time of
a given detonation, making detection difficult; and

e Not all individuals under water at the time of a detonation will be harmed in the same
manner due to the high variability in received sound pressure levels.

However, the following level of take of this species can be approximated by the area ensonified
to a specific magnitude by each detonation. Using that ensonified area as a surrogate indicator of
the amount or extent of take, the FWS anticipates that the following amount of take will occur in
the form of harm:

e The FWS expects all murrelets that are underwater within approximately 96 km? of the
EOD range at Crescent Harbor and 60 km? of the EOD range at Floral Point will be
harmed by exposure to blast overpressure waves of less than 41 pa Sec and more than
180 dByeak. This incidental take is expected to occur during each EOD training exercise
for up to a maximum of 20 EOD exercises (a maximum of 4 EOD exercises each year)
involving underwater detonations , ending 5 years after the signature date for the Record
of Decision implementing the action.

The incidental take is expected to be in the form of harm due to the physical (sublethal) effects of
high underwater SPLs caused by the Navy’s proposed underwater EOD training ranges at
Crescent Harbor and Floral Point. The physical effects are in the form of permanent or
temporary threshold shift of hearing sensitivity. The degree of harm to individuals is expected to
vary considerably. These effects would occur to murrelets foraging underwater at the time of
each detonation within the area ensonified by each detonation.

The FWS will not refer the incidental take of any migratory bird for prosecution under the
Migratory Bird Treaty Act of 1918, as amended (16 U.S.C. 703-712), if such take is in
compliance with the terms and conditions (including amount and/or number) specified herein.
EFFECT OF THE TAKE

Bull Trout

In the accompanying Opinion, the FWS determined that this level of anticipated take is not likely
to result in jeopardy to bull trout.
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Marbled Murrelet

In the accompanying Opinion, the FWS determined that this level of anticipated take is not likely
to result in jeopardy to the marbled murrelet.

REASONABLE AND PRUDENT MEASURES
Bull Trout and Marbled Murrelets

The conservation measures and other commitments negotiated in cooperation with the FWS and
included in the action description constitute all reasonable measures necessary to minimize the
impact of the taking on both bull trout and marbled murrelets. Pursuant to 50 CFR
402.14(1)(1)(iii) and 402.14(i)(3), the FWS believes the following reasonable and prudent
measure is necessary and appropriate to monitor the impact of the take on bull trout and marbled
murrelets.

e Reasonable and Prudent Measure 1: Design and conduct monitoring to ensure that the
amount or extent of incidental take is not exceeded.

TERMS AND CONDITIONS

In order to be exempt from the prohibitions of section 9 of the Act, the Navy must comply with
the following terms and conditions, which implement the reasonable and prudent measure
described above and outline required reporting/monitoring requirements. These terms and
conditions are non-discretionary.

Bull Trout

Term and Condition 1: Prior to conducting any EOD training and in cooperation with the FWS,
design a post-detonation fish-monitoring plan to be implemented after each EOD detonation in
Crescent Harbor. The following objective should be targeted:

e Ensure that mortality of bull trout that may occur from EOD detonations does not exceed
the amount of anticipated in this incidental take statement.

Term and Condition 2: Within 30 days after each detonation, the Navy shall submit a report to
the FWS detailing the results of the monitoring. Each report shall address the following, at a
minimum:

1) Dates and times of all detonations (underwater and floating mine);

2) Location within training area and water depth for each detonation; and

3) The results of fish monitoring, to include the number, location, and physical condition of
all bull trout observed.
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Term and Condition 3: Any bull trout recovered after the detonation will be immediately frozen
and submitted to the FWS or directly to an agreed upon laboratory for necropsy. The cost of the
necropsy will be borne by the Navy, and results will be provided as soon as possible to the FWS.

The FWS believes that no more than the following incidental take of bull trout will occur as a
result of the proposed action:

A total of ten bull trout will be harmed from ten underwater detonations at Crescent Harbor.
These ten detonations are expected to occur intermittently over the five-year implementation
period but not more than two per year with a maximum of one EOD exercise at Crescent Harbor
during the three month period of December through February.

Marbled Murrelet

Term and Condition 1: Prior to conducting any EOD training, the Navy shall design a
monitoring plan in cooperation with the FWS. The monitoring plan must be designed to address
the following objectives:

e Ensure the SPL for each detonation associated with EOD exercises is less than 41 pa Sec
at 210 m for 2.5 Ib charges and 150 m for 1.5 Ib charges.

e Measure transmission loss (decay) of underwater sound beyond 210 m and 150 m
distances on a mutually agreeable number of detonations.

e Monitor murrelet (or an appropriate surrogate) response to exposure to underwater sound
beyond 210 m and 150 m distances.

Term and Condition 2: Within 30 days after each detonation, the Navy shall submit a report to
the FWS detailing the results of the monitoring. Each report shall address the following, at a
minimum:

1) Dates and times of all detonations (underwater and floating mine);

2) Location within training area and water depth for each detonation;

3) Sound levels generated during an underwater detonation at various distances from the
detonation site, as specified in the monitoring plan (This analysis may be submitted on a
timeline agreed to in the monitoring plan to be developed); and

4) Murrelet response (or surrogate response) to underwater sound at levels less than 41 pa
Sec (or distances of 210 (Crescent Harbor) and 150 m (Floral Point) respectively).

The FWS believes that no more than the following incidental take of marbled murrelets will
occur as a result of the proposed action:

e All murrelets within approximately 96 km? of EOD Crescent Harbor and 60 km? of EOD

Floral Point will be harmed by each exposure to blast overpressure waves of less than 41
Pa sec and more than 180 dByeax SPL from a maximum (total) of 20 EOD exercises.
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The reasonable and prudent measures, with their implementing terms and conditions, are
designed to minimize the impact of incidental take that might otherwise result from the proposed
action. If, during the course of the action, this level of incidental take is exceeded, such
incidental take represents new information requiring reinitiation of consultation and review of
the reasonable and prudent measures provided. The Navy must immediately provide an
explanation of the causes of the taking and review with the FWS the need for possible
modification of the reasonable and prudent measures.

The FWS is to be notified within three working days upon locating a dead, injured or sick
endangered or threatened species specimen [see 50 CFR 402.14(i)(1)(v)).]. Initial notification
must be made to the nearest U.S. Fish and Wildlife FWS Law Enforcement Office. Notification
must include the date, time, precise location of the injured animal or carcass, and any other
pertinent information. Care should be taken in handling sick or injured specimens to preserve
biological materials in the best possible state for later analysis of cause of death, if that occurs.
In conjunction with the care of sick or injured endangered or threatened species or preservation
of biological materials from a dead animal, the finder has the responsibility to ensure that
evidence associated with the specimen is not unnecessarily disturbed. Contact the U.S. Fish and
Wildlife FWS Law Enforcement Office at (425) 883-8122, or the FWS’s Washington Fish and
Wildlife Office at (360) 753-9440.

CONSERVATION RECOMMENDATIONS

Section 7(a)(1) of the ESA directs the Navy to utilize their authorities to further the purposes of
the ESA by carrying out conservation programs for the benefit of endangered and threatened
species. Conservation recommendations are discretionary agency activities to minimize or avoid
adverse effects of a proposed action on listed species or critical habitat, to help implement
recovery plans, or to develop information.

In order for the FWS to be kept informed of actions minimizing or avoiding adverse effects or
benefitting listed species or their habitats, the FWS requests notification of the implementation of
any conservation recommendations.

Marbled Murrelet

e The acoustical impacts of sound on diving seabirds are largely unknown. Our current
assumptions are based on research on marine mammals and fish, which indicate there are
potential effects. Potential research to address this are:

1) Fund and develop, in coordination with the Washington Fish and Wildlife
Office (WFWO), a research project using established two-dimensional
computed tomography (CT) scan techniques for Cetacean species and apply it
to the marbled murrelet to ascertain the effects of underwater sound on their
tissues, auditory receptors, and airspaces. The WFWO is currently prepared to
provide a draft research proposal and initial contacts for such an effort.
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Fund and develop, in coordination with the WFWO, a research project to further our
knowledge of the hearing sensitivity of marbled murrelets (using a surrogate such as
another alcid) both in-air and in-water. The project could utilize a non-invasive
physiological measurement technique such as auditory brainstem response to test hearing
sensitivity. This work would constitute an important first step in documenting the
peripheral auditory system of alcids and would substantially improve our understanding
of the perception of sound by seabirds. The WFWO is currently prepared to provide a
draft research proposal and initial contacts for such an effort.

Implement marbled murrelet surveys, following established protocols, that would
develop statistically valid data on murrelet densities and seasonal variability in the
vicinity of Indian Island, Crescent Harbor, Bangor, and Ault Field.

Ensure the SPL for each detonation associated with DTR exercises is less than a received
level of 125 dBA in marine waters where murrelets occur.

Develop methodologies/facilities that will attenuate sound from DTR exercises in the
marine environment.

Ensure the SPL for sorties departing at Ault Field is less than a received level of 110 dBA
in marine waters where murrelets occur.

In coordination with the WFWO and other entities, develop and implement a seabird
monitoring program during NWTRC activities that produce elevated sound levels. Data
collected should include the date and time of activity, species of diving birds observed,
distance of birds from sound sources and response of birds to NWTRC activities.

In coordination with WFWO, use an adaptive management approach to consider new
data and monitoring information on an annual basis, to evaluate whether monitoring or
conservation measures should be modified or added.

Conduct the Navy EOD training in a controlled environment, such as a lake, where listed
fish are not present. The FWS understands the needs of the Navy to conduct the EOD
training in an environment similar to actual conditions experienced by Navy personnel.
This requires constant, specialized, and realistic training. However, to protect listed
species, training in a controlled environment would allow the Navy to provide unlimited
explosive training to meet operational goals.

Investigate and implement techniques for attenuating underwater sound generated by
EOD detonations.

Protect existing murrelet nesting habitat and manage to develop additional murrelet
nesting habitat on Navy lands.

Forage Fish

Conduct surveys on spawning beaches and holding areas located on Naval installations
and implement restoration and improvement projects, where applicable, to increase the
potential forage base for murrelets and bull trout.

Monitor fish mortality at Floral Point.
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Working Relationships

e Establish a Cooperative Working Group that includes the Services (FWS, National
Marine Fisheries Service) and Navy Fleet, Installations and Research, Testing,
Development and Evaluation Divisions to encourage cooperation between Navy, resource
agencies and civilian experts. Early involvement will help identify issues and improve
cooperation on developing solutions in order to facilitate consultations and protect listed
species and their habitat.

REINITIATION NOTICE

This concludes formal consultation on the Navy’s NWTRC action. As provided in 50 CFR
402.16, reinitiation of formal consultation is required where discretionary Federal agency
involvement or control over the action has been retained (or is authorized by law) and if: 1) the
amount or extent of incidental take is exceeded; 2) new information reveals effects of the agency
action that may affect listed species or critical habitat in a manner or to an extent not considered
in this opinion; 3) the agency action is subsequently modified in a manner that causes an effect to
the listed species or critical habitat not considered in this opinion; or 4) a new species is listed or
critical habitat designated that may be affected by the action. In instances where the amount or
extent of incidental take is exceeded, any operations causing such take must cease pending
reinitiation.
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APPENDIX A
Status of the Species: Bull Trout

Listing Status

The coterminous United States population of the bull trout (Salvelinus confluentus) was listed as
threatened on November 1, 1999 (64 FR 58910). The threatened bull trout generally occurs in
the Klamath River Basin of south-central Oregon; the Jarbidge River in Nevada; the Willamette
River Basin in Oregon; Pacific Coast drainages of Washington, including Puget Sound; major
rivers in ldaho, Oregon, Washington, and Montana, within the Columbia River Basin; and the St.
Mary-Belly River, east of the Continental Divide in northwestern Montana (Bond 1992, p. 4;
Brewin and Brewin 1997, pp. 209-216; Cavender 1978, pp. 165-166; Leary and Allendorf 1997,
pp. 715-720).

Throughout its range, the bull trout are threatened by the combined effects of habitat
degradation, fragmentation, and alterations associated with dewatering, road construction and
maintenance, mining, grazing, the blockage of migratory corridors by dams or other diversion
structures, poor water quality, entrainment (a process by which aquatic organisms are pulled
through a diversion or other device) into diversion channels, and introduced non-native species
(64 FR 58910). Although all salmonids are likely to be affected by climate change, bull trout are
especially vulnerable given that spawning and rearing are constrained by their location in upper
watersheds and the requirement for cold water temperatures (Battin et al. 2007; Rieman et al.
2007). Poaching and incidental mortality of bull trout during other targeted fisheries are
additional threats.

The bull trout was initially listed as three separate Distinct Population Segments (DPSs) (63 FR
31647; 64 FR 17110). The preamble to the final listing rule for the United States coterminous
population of the bull trout discusses the consolidation of these DPSs with the Columbia and
Klamath population segments into one listed taxon and the application of the jeopardy standard
under section 7 of the Act relative to this species (64 FR 58910):

Although this rule consolidates the five bull trout DPSs into one listed taxon,
based on conformance with the DPS policy for purposes of consultation under
section 7 of the Act, we intend to retain recognition of each DPS in light of
available scientific information relating to their uniqueness and significance.
Under this approach, these DPSs will be treated as interim recovery units with
respect to application of the jeopardy standard until an approved recovery plan is
developed. Formal establishment of bull trout recovery units will occur during
the recovery planning process.

Current Status and Conservation Needs

In recognition of available scientific information relating to their uniqueness and significance,
five segments of the coterminous United States population of the bull trout are considered
essential to the survival and recovery of this species and are identified as interim recovery units:
1) Jarbidge River, 2) Klamath River, 3) Columbia River, 4) Coastal-Puget Sound, and 5) St.



Mary-Belly River (USFWS 2002a; 2004a; 2004b). Each of these interim recovery units is
necessary to maintain the bull trout’s distribution, as well as its genetic and phenotypic diversity,
all of which are important to ensure the species’ resilience to changing environmental conditions.

A summary of the current status and conservation needs of the bull trout within these interim
recovery units is provided below and a comprehensive discussion is found in the Service’s draft
recovery plans for the bull trout (USFWS 2002a; 2004a; 2004b).

The conservation needs of bull trout are often generally expressed as the four “Cs”: cold, clean,
complex, and connected habitat. Cold stream temperatures, clean water quality that is relatively
free of sediment and contaminants, complex channel characteristics (including abundant large
wood and undercut banks), and large patches of such habitat that are well connected by
unobstructed migratory pathways are all needed to promote conservation of bull trout at multiple
scales ranging from the coterminous to local populations (a local population is a group of bull
trout that spawn within a particular stream or portion of a stream system). The recovery
planning process for bull trout (USFWS 2002a; 2004a; 2004b) has also identified the following
conservation needs: 1) maintenance and restoration of multiple, interconnected populations in
diverse habitats across the range of each interim recovery unit, 2) preservation of the diversity of
life-history strategies, 3) maintenance of genetic and phenotypic diversity across the range of
each interim recovery unit, and 4) establishment of a positive population trend. Recently, it has
also been recognized that bull trout populations need to be protected from catastrophic fires
across the range of each interim recovery unit (Rieman et al. 2003).

Central to the survival and recovery of bull trout is the maintenance of viable core areas
(USFWS 2002a; 2004a; 2004b). A core area is defined as a geographic area occupied by one or
more local bull trout populations that overlap in their use of rearing, foraging, migratory, and
overwintering habitat. Each of the interim recovery units listed above consists of one or more
core areas. There are 121 core areas recognized across the coterminous range of the bull trout
(USFWS 2002a; 2004a; 2004b).

Jarbidge River Interim Recovery Unit

This interim recovery unit currently contains a single core area with six local populations. Less
than 500 resident and migratory adult bull trout, representing about 50 to 125 spawning adults,
are estimated to occur in the core area. The current condition of the bull trout in this interim
recovery unit is attributed to the effects of livestock grazing, roads, incidental mortalities of
released bull trout from recreational angling, historic angler harvest, timber harvest, and the
introduction of non-native fishes (USFWS 2004b). The draft bull trout recovery plan (USFWS
2004b) identifies the following conservation needs for this interim recovery unit: 1) maintain the
current distribution of the bull trout within the core area, 2) maintain stable or increasing trends
in abundance of both resident and migratory bull trout in the core area, 3) restore and maintain
suitable habitat conditions for all life history stages and forms, and 4) conserve genetic diversity
and increase natural opportunities for genetic exchange between resident and migratory forms of
the bull trout. An estimated 270 to 1,000 spawning bull trout per year are needed to provide for
the persistence and viability of the core area and to support both resident and migratory adult bull
trout (USFWS 2004b).



Klamath River Interim Recovery Unit

This interim recovery unit currently contains three core areas and seven local populations. The
current abundance, distribution, and range of the bull trout in the Klamath River Basin are
greatly reduced from historical levels due to habitat loss and degradation caused by reduced
water quality, timber harvest, livestock grazing, water diversions, roads, and the introduction of
non-native fishes ((USFWS 2002b). Bull trout populations in this interim recovery unit face a
high risk of extirpation (USFWS 2002b). The draft Klamath River bull trout recovery plan
(USFWS 2002b) identifies the following conservation needs for this interim recovery unit: 1)
maintain the current distribution of bull trout and restore distribution in previously occupied
areas, 2) maintain stable or increasing trends in bull trout abundance, 3) restore and maintain
suitable habitat conditions for all life history stages and strategies, 4) conserve genetic diversity
and provide the opportunity for genetic exchange among appropriate core area populations.
Eight to 15 new local populations and an increase in population size from about 2,400 adults
currently to 8,250 adults are needed to provide for the persistence and viability of the three core
areas (USFWS 2002b).

Columbia River Interim Recovery Unit

The Columbia River interim recovery unit includes bull trout residing in portions of Oregon,
Washington, Idaho, and Montana. Bull trout are estimated to have occupied about 60 percent of
the Columbia River Basin, and presently occur in 45 percent of the estimated historical range
(Quigley and Arbelbide 1997, p.1177). This interim recovery unit currently contains 97 core
areas and 527 local populations. About 65 percent of these core areas and local populations
occur in central Idaho and northwestern Montana. The Columbia River interim recovery unit has
declined in overall range and numbers of fish (63 FR 31647). Although some strongholds still
exist with migratory fish present, bull trout generally occur as isolated local populations in
headwater lakes or tributaries where the migratory life history form has been lost. Though still
widespread, there have been numerous local extirpations reported throughout the Columbia
River basin. In Idaho, for example, bull trout have been extirpated from 119 reaches in 28
streams (Idaho Department of Fish and Game in litt. 1995). The draft Columbia River bull trout
recovery plan (USFWS 2002d) identifies the following conservation needs for this interim
recovery unit: 1) maintain or expand the current distribution of the bull trout within core areas,
2) maintain stable or increasing trends in bull trout abundance, 3) restore and maintain suitable
habitat conditions for all bull trout life history stages and strategies, and 4) conserve genetic
diversity and provide opportunities for genetic exchange.

This interim recovery unit currently contains 97 core areas and 527 local populations. About 65
percent of these core areas and local populations occur in Idaho and northwestern Montana. The
condition of the bull trout within these core areas varies from poor to good. All core areas have
been subject to the combined effects of habitat degradation and fragmentation caused by the
following activities: dewatering; road construction and maintenance; mining; grazing; the
blockage of migratory corridors by dams or other diversion structures; poor water quality;
incidental angler harvest; entrainment into diversion channels; and introduced non-native
species. The Service completed a core area conservation assessment for the 5-year status review
and determined that, of the 97 core areas in this interim recovery unit, 38 are at high risk of



extirpation, 35 are at risk, 20 are at potential risk, 2 are at low risk, and 2 are at unknown risk
(USFWS 2005).

Coastal-Puget Sound Interim Recovery Unit

Bull trout in the Coastal-Puget Sound interim recovery unit exhibit anadromous, adfluvial,
fluvial, and resident life history patterns. The anadromous life history form is unique to this
interim recovery unit. This interim recovery unit currently contains 14 core areas and 67 local
populations (USFWS 2004a). Bull trout are distributed throughout most of the large rivers and
associated tributary systems within this interim recovery unit. Bull trout continue to be present
in nearly all major watersheds where they likely occurred historically, although local extirpations
have occurred throughout this interim recovery unit. Many remaining populations are isolated or
fragmented and abundance has declined, especially in the southeastern portion of the interim
recovery unit. The current condition of the bull trout in this interim recovery unit is attributed to
the adverse effects of dams, forest management practices (e.g., timber harvest and associated
road building activities), agricultural practices (e.g., diking, water control structures, draining of
wetlands, channelization, and the removal of riparian vegetation), livestock grazing, roads,
mining, urbanization, poaching, incidental mortality from other targeted fisheries, and the
introduction of non-native species. The draft Coastal-Puget Sound bull trout recovery plan
(USFWS 2004a) identifies the following conservation needs for this interim recovery unit: 1)
maintain or expand the current distribution of bull trout within existing core areas, 2) increase
bull trout abundance to about 16,500 adults across all core areas, and 3) maintain or increase
connectivity between local populations within each core area.

St. Mary-Belly River Interim Recovery Unit

This interim recovery unit currently contains six core areas and nine local populations (USFWS
2002c). Currently, bull trout are widely distributed in the St. Mary-Belly River drainage and
occur in nearly all of the waters that it inhabited historically. Bull trout are found only in a 1.2-
mile reach of the North Fork Belly River within the United States. Redd count surveys of the
North Fork Belly River documented an increase from 27 redds in 1995 to 119 redds in 1999.
This increase was attributed primarily to protection from angler harvest (USFWS 2002c). The
current condition of the bull trout in this interim recovery unit is primarily attributed to the
effects of dams, water diversions, roads, mining, and the introduction of non-native fishes
(USFWS 2002c). The draft St. Mary-Belly bull trout recovery plan (USFWS 2002c) identifies
the following conservation needs for this interim recovery unit: 1) maintain the current
distribution of the bull trout and restore distribution in previously occupied areas, 2) maintain
stable or increasing trends in bull trout abundance, 3) restore and maintain suitable habitat
conditions for all life history stages and forms, 4) conserve genetic diversity and provide the
opportunity for genetic exchange, and 5) establish good working relations with Canadian
interests because local bull trout populations in this interim recovery unit are comprised mostly
of migratory fish, whose habitat is mostly in Canada.



Life History

Bull trout exhibit both resident and migratory life history strategies. Both resident and migratory
forms may be found together, and either form may produce offspring exhibiting either resident or
migratory behavior (Rieman and Mclintyre 1993). Resident bull trout complete their entire life
cycle in the tributary (or nearby) streams in which they spawn and rear. The resident form tends
to be smaller than the migratory form at maturity and also produces fewer eggs (Fraley and
Shepard 1989; Goetz 1989). Migratory bull trout spawn in tributary streams where juvenile fish
rear 1 to 4 years before migrating to either a lake (adfluvial form), river (fluvial form) (Fraley and
Shepard 1989; Goetz 1989), or saltwater (anadromous form) to rear as subadults and to live as
adults (Cavender 1978; McPhail and Baxter 1996; WDFW et al. 1997). Bull trout normally
reach sexual maturity in 4 to 7 years and may live longer than 12 years. They are iteroparous
(they spawn more than once in a lifetime). Repeat- and alternate-year spawning has been
reported, although repeat-spawning frequency and post-spawning mortality are not well
documented (Fraley and Shepard 1989; Leathe and Graham 1982; Pratt 1992; Rieman and
Mclintyre 1996).

The iteroparous reproductive strategy of bull trout has important repercussions for the
management of this species. Bull trout require passage both upstream and downstream, not only
for repeat spawning but also for foraging. Most fish ladders, however, were designed
specifically for anadromous semelparous salmonids (fishes that spawn once and then die, and
require only one-way passage upstream). Therefore, even dams or other barriers with fish
passage facilities may be a factor in isolating bull trout populations if they do not provide a
downstream passage route. Additionally, in some core areas, bull trout that migrate to marine
waters must pass both upstream and downstream through areas with net fisheries at river mouths.
This can increase the likelihood of mortality to bull trout during these spawning and foraging
migrations.

Growth varies depending upon life-history strategy. Resident adults range from 6 to 12 inches
total length, and migratory adults commonly reach 24 inches or more (Goetz 1989; Pratt 1985).
The largest verified bull trout is a 32-pound specimen caught in Lake Pend Oreille, Idaho, in
1949 (Simpson and Wallace 1982).

Habitat Characteristics

Bull trout have more specific habitat requirements than most other salmonids (Rieman and
Mclintyre 1993). Habitat components that influence bull trout distribution and abundance
include water temperature, cover, channel form and stability, valley form, spawning and rearing
substrate, and migratory corridors (Fraley and Shepard 1989; Goetz 1989; Hoelscher and Bjornn
1989; Howell and Buchanan 1992; Pratt 1992; Rich 1996; Rieman and Mclntyre 1993; Rieman
and Mclintyre 1995; Sedell and Everest 1991; Watson and Hillman 1997). Watson and Hillman
(1997) concluded that watersheds must have specific physical characteristics to provide the
habitat requirements necessary for bull trout to successfully spawn and rear and that these
specific characteristics are not necessarily present throughout these watersheds. Because bull
trout exhibit a patchy distribution, even in pristine habitats (Rieman and Mclintyre 1993), bull
trout should not be expected to simultaneously occupy all available habitats (Rieman et al. 1997).



Migratory corridors link seasonal habitats for all bull trout life histories. The ability to migrate is
important to the persistence of bull trout (Mike Gilpin in litt. 1997; Rieman et al. 1997; Rieman
and Mcintyre 1993). Migrations facilitate gene flow among local populations when individuals
from different local populations interbreed or stray to nonnatal streams. Local populations that
are extirpated by catastrophic events may also become reestablished by bull trout migrants.
However, it is important to note that the genetic structuring of bull trout indicates there is limited
gene flow among bull trout populations, which may encourage local adaptation within individual
populations, and that reestablishment of extirpated populations may take a long time (Rieman
and Mclintyre 1993; Spruell et al. 1999). Migration also allows bull trout to access more
abundant or larger prey, which facilitates growth and reproduction. Additional benefits of
migration and its relationship to foraging are discussed below under “Diet.”

Cold water temperatures play an important role in determining bull trout habitat quality, as these
fish are primarily found in colder streams (below 15 °C or 59 °F), and spawning habitats are
generally characterized by temperatures that drop below 9 °C (48 °F) in the fall (Fraley and
Shepard 1989; Pratt 1992; Rieman and Mclintyre 1993).

Thermal requirements for bull trout appear to differ at different life stages. Spawning areas are
often associated with cold-water springs, groundwater infiltration, and the coldest streams in a
given watershed (Baxter et al. 1997; Pratt 1992; Rieman et al. 1997; Rieman and Mclntyre
1993). Optimum incubation temperatures for bull trout eggs range from 2 °C to 6 °C (35 °F to
39 °F) whereas optimum water temperatures for rearing range from about 6 °C to 10 °C (46 °F to
50 °F) (Buchanan and Gregory 1997; Goetz 1989; McPhail and Murray 1979). In Granite Creek,
Idaho, Bonneau and Scarnecchia (1996) observed that juvenile bull trout selected the coldest
water available in a plunge pool, 8 °C to 9 °C (46 °F to 48 °F), within a temperature gradient of 8
°Cto 15 °C (4 °F to 60 °F). In a landscape study relating bull trout distribution to maximum
water temperatures, Dunham et al. (2003) found that the probability of juvenile bull trout
occurrence does not become high (i.e., greater than 0.75) until maximum temperatures decline to
11 °C to 12 °C (52 °F to 54 °F).

Although bull trout are found primarily in cold streams, occasionally these fish are found in
larger, warmer river systems throughout the Columbia River basin (Buchanan and Gregory 1997;
Fraley and Shepard 1989; Rieman et al. 1997; Rieman and Mcintyre 1993; Rieman and Mclintyre
1995). Awvailability and proximity of cold water patches and food productivity can influence bull
trout ability to survive in warmer rivers (Myrick et al. 2002). For example, in a study in the
Little Lost River of Idaho where bull trout were found at temperatures ranging from 8 °C to 20
°C

(46 °F to 68 °F), most sites that had high densities of bull trout were in areas where primary
productivity in streams had increased following a fire (Bart L. Gamett, Salmon-Challis National
Forest, pers. comm. June 20, 2002).

All life history stages of bull trout are associated with complex forms of cover, including large
woody debris, undercut banks, boulders, and pools (Fraley and Shepard 1989; Goetz 1989;
Hoelscher and Bjornn 1989; Pratt 1992; Rich 1996; Sedell and Everest 1991; Sexauer and James
1997; Thomas 1992; Watson and Hillman 1997). Maintaining bull trout habitat requires stability
of stream channels and maintenance of natural flow patterns (Rieman and Mcintyre 1993).



Juvenile and adult bull trout frequently inhabit side channels, stream margins, and pools with
suitable cover (Sexauer and James 1997). These areas are sensitive to activities that directly or
indirectly affect stream channel stability and alter natural flow patterns. For example, altered
stream flow in the fall may disrupt bull trout during the spawning period, and channel instability
may decrease survival of eggs and young juveniles in the gravel from winter through spring
(Fraley and Shepard 1989; Pratt 1992; Pratt and Huston 1993). Pratt (1992) indicated that
increases in fine sediment reduce egg survival and emergence.

Bull trout typically spawn from August through November during periods of increasing flows
and decreasing water temperatures. Preferred spawning habitat consists of low-gradient stream
reaches with loose, clean gravel (Fraley and Shepard 1989). Redds are often constructed in
stream reaches fed by springs or near other sources of cold groundwater (Goetz 1989; Pratt 1992;
Rieman and Mclintyre 1996). Depending on water temperature, incubation is normally 100 to
145 days (Pratt 1992). After hatching, fry remain in the substrate, and time from egg deposition
to emergence may surpass 200 days. Fry normally emerge from early April through May,
depending on water temperatures and increasing stream flows (Pratt 1992; Ratliff and Howell
1992).

Early life stages of fish, specifically the developing embryo, require the highest inter-gravel
dissolved oxygen (IGDO) levels, and are the most sensitive life stage to reduced oxygen levels.
The oxygen demand of embryos depends on temperature and on stage of development, with the
greatest IGDO required just prior to hatching.

A literature review conducted by the Washington Department of Ecology (WDOE 2002)
indicates that adverse effects of lower oxygen concentrations on embryo survival are magnified
as temperatures increase above optimal (for incubation). In a laboratory study conducted in
Canada, researchers found that low oxygen levels retarded embryonic development in bull trout
(Giles and Van der Zweep 1996 in Stewart et al. 2007). Normal oxygen levels seen in rivers
used by bull trout during spawning ranged from 8 to 12 mg/L (in the gravel), with corresponding
instream levels of 10 to 11.5 mg/L (Stewart et al. 2007). In addition, IGDO concentrations,
water velocities in the water column, and especially the intergravel flow rate, are interrelated
variables that affect the survival of incubating embryos (ODEQ 1995). Due to a long incubation
period of 220+ days, bull trout are particularly sensitive to adequate IGDO levels. An IGDO
level below 8 mg/L is likely to result in mortality of eggs, embryos, and fry.

Migratory forms of bull trout may develop when habitat conditions allow movement between
spawning and rearing streams and larger rivers, lakes or nearshore marine habitat where foraging
opportunities may be enhanced (Brenkman and Corbett 2005; Frissell 1993; Goetz et al. 2004).
For example, multiple life history forms (e.g., resident and fluvial) and multiple migration
patterns have been noted in the Grande Ronde River (Baxter 2002). Parts of this river system
have retained habitat conditions that allow free movement between spawning and rearing areas
and the mainstem Snake River. Such multiple life history strategies help to maintain the stability
and persistence of bull trout populations to environmental changes. Benefits to migratory bull
trout include greater growth in the more productive waters of larger streams, lakes, and marine
waters; greater fecundity resulting in increased reproductive potential; and dispersing the
population across space and time so that spawning streams may be recolonized should local



populations suffer a catastrophic loss (Frissell 1999; MBTSG 1998; Rieman and Mcintyre 1993).
In the absence of the migratory bull trout life form, isolated populations cannot be replenished
when disturbances make local habitats temporarily unsuitable. Therefore, the range of the
species is diminished, and the potential for a greater reproductive contribution from larger size
fish with higher fecundity is lost (Rieman and Mclintyre 1993).

Diet

Bull trout are opportunistic feeders, with food habits primarily a function of size and life-history
strategy. A single optimal foraging strategy is not necessarily a consistent feature in the life of a
fish, because this strategy can change as the fish progresses from one life stage to another (i.e.,
juvenile to subadult). Fish growth depends on the quantity and quality of food that is eaten
(Gerking 1994), and as fish grow, their foraging strategy changes as their food changes, in
quantity, size, or other characteristics. Resident and juvenile migratory bull trout prey on
terrestrial and aquatic insects, macrozooplankton, and small fish (Boag 1987; Donald and Alger
1993; Goetz 1989). Subadult and adult migratory bull trout feed on various fish species (Brown
1994; Donald and Alger 1993; Fraley and Shepard 1989; Leathe and Graham 1982). Bull trout
of all sizes other than fry have been found to eat fish half their length (Beauchamp and
VanTassell 2001). In nearshore marine areas of western Washington, bull trout feed on Pacific
herring (Clupea pallasi), Pacific sand lance (Ammodytes hexapterus), and surf smelt (Hypomesus
pretiosus) (Goetz et al. 2004; WDFW et al. 1997).

Bull trout migration and life history strategies are closely related to their feeding and foraging
strategies. Migration allows bull trout to access optimal foraging areas and exploit a wider
variety of prey resources. Optimal foraging theory can be used to describe strategies fish use to
choose between alternative sources of food by weighing the benefits and costs of capturing one
source of food over another. For example, prey often occur in concentrated patches of
abundance ("patch model” ; Gerking 1994). As the predator feeds in one patch, the prey
population is reduced, and it becomes more profitable for the predator to seek a new patch rather
than continue feeding on the original one. This can be explained in terms of balancing energy
acquired versus energy expended. For example, in the Skagit River system, anadromous bull
trout make migrations as long as 121 miles between marine foraging areas in Puget Sound and
headwater spawning grounds, foraging on salmon eggs and juvenile salmon along their migration
route (WDFW et al. 1997). Anadromous bull trout also use marine waters as migration
corridors to reach seasonal habitats in non-natal watersheds to forage and possibly overwinter
(Brenkman and Corbett 2005; Goetz et al. 2004).

Changes in Status of the Coastal-Puget Sound Interim Recovery Unit

Although the status of bull trout in Coastal-Puget Sound interim recovery unit has been improved
by certain actions, it continues to be degraded by other actions, and it is likely that the overall
status of the bull trout in this population segment has not improved since its listing on November
1, 1999. Improvement has occurred largely through changes in fishing regulations and habitat-
restoration projects. Fishing regulations enacted in 1994 either eliminated harvest of bull trout or
restricted the amount of harvest allowed, and this likely has had a positive influence on the
abundance of bull trout. Improvement in habitat has occurred following restoration projects



intended to benefit either bull trout or salmon, although monitoring the effectiveness of these
projects seldom occurs. On the other hand, the status of this population segment has been
adversely affected by a number of Federal and non-Federal actions, some of which were
addressed under section 7 of the Act. Most of these actions degraded the environmental
baseline; all of those addressed through formal consultation under section 7 of the Act permitted
the incidental take of bull trout.

Section 10(a)(1)(B) permits have been issued for Habitat Conservation Plans (HCP) completed
in the Coastal-Puget Sound population segment. These include: 1) the City of Seattle’s Cedar
River Watershed HCP, 2) Simpson Timber HCP, 3) Tacoma Public Utilities Green River HCP,
4) Plum Creek Cascades HCP, 5) Washington State Department of Natural Resources HCP, 6)
West Fork Timber HCP (Nisqually River), and 7) Forest Practices HCP. These HCPs provide
landscape-scale conservation for fish, including bull trout. Many of the covered activities
associated with these HCPs will contribute to conserving bull trout over the long-term; however,
some covered activities will result in short-term degradation of the baseline. All HCPs permit
the incidental take of bull trout.

Changes in Status of the Columbia River Interim Recovery Unit

The overall status of the Columbia River interim recovery unit has not changed appreciably since
its listing on June 10, 1998. Populations of bull trout and their habitat in this area have been
affected by a number of actions addressed under section 7 of the Act. Most of these actions
resulted in degradation of the environmental baseline of bull trout habitat, and all permitted or
analyzed the potential for incidental take of bull trout. The Plum Creek Cascades HCP, Plum
Creek Native Fish HCP, and Forest Practices HCP addressed portions of the Columbia River
population segment of bull trout.

Changes in Status of the Klamath River Interim Recovery Unit

Improvements in the Threemile, Sun, and Long Creek local populations have occurred through
efforts to remove or reduce competition and hybridization with non-native salmonids, changes in
fishing regulations, and habitat-restoration projects. Population status in the remaining local
populations (Boulder-Dixon, Deming, Brownsworth, and Leonard Creeks) remains relatively
unchanged. Grazing within bull trout watersheds throughout the recovery unit has been
curtailed. Efforts at removal of non-native species of salmonids appear to have stabilized the
Threemile and positively influenced the Sun Creek local populations. The results of similar
efforts in Long Creek are inconclusive. Mark and recapture studies of bull trout in Long Creek
indicate a larger migratory component than previously expected.

Although the status of specific local populations has been slightly improved by recovery actions,
the overall status of Klamath River bull trout continues to be depressed. Factors considered
threats to bull trout in the Klamath Basin at the time of listing — habitat loss and degradation
caused by reduced water quality, past and present land use management practices, water
diversions, roads, and non-native fishes — continue to be threats today.



Changes in Status of the Saint Mary-Belly River Interim Recovery Unit

The overall status of bull trout in the Saint Mary-Belly River interim recovery unit has not
changed appreciably since its listing on November 1, 1999. Extensive research efforts have been
conducted since listing, to better quantify populations of bull trout and their movement patterns.
Limited efforts in the way of active recovery actions have occurred. Habitat occurs mostly on
Federal and Tribal lands (Glacier National Park and the Blackfeet Nation). Known problems due
to instream flow depletion, entrainment, and fish passage barriers resulting from operations of
the U.S. Bureau of Reclamation's Milk River Irrigation Project (which transfers Saint Mary-
Belly River water to the Missouri River Basin) and similar projects downstream in Canada
constitute the primary threats to bull trout and to date they have not been adequately addressed
under section 7 of the Act. Plans to upgrade the aging irrigation delivery system are being
pursued, which has potential to mitigate some of these concerns but also the potential to intensify
dewatering. A major fire in August 2006 severely burned the forested habitat in Red Eagle and
Divide Creeks, potentially affecting three of nine local populations and degrading the baseline.
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Appendix B
Status of the Species: Marbled Murrelet

Legal Status

The marbled murrelet (murrelet) was listed as a threatened species® on September 28, 1992, in
Washington, Oregon, and northern California (57 FR 45328 [October 1, 1992]). Since the
species’ listing, the FWS has completed two 5-yr status reviews of the species: September 1,
2004 (USFWS 2004) and June 12, 2009 (USFWS 2009). The legal status of the murrelet
remains unchanged from the original designation.

Threats to Murrelet Survival and Recovery

Murrelets are long-lived seabirds that spend most of their life in the marine environment, with
breeding adult birds annually nesting in the forest canopy of mature and old-growth forests from
April 1 through September 15. Murrelets have a naturally low reproductive rate. Breeding
adults lay just one egg and renesting, in the event of nest failure, is thought to be an extremely
rare event.

Several threats to murrelets, present in both the marine and terrestrial environments, have been
identified. These threats collectively comprise a suite of environmental stressors that,
individually or through interaction, have significantly disrupted or impaired behaviors which are
essential to the reproduction or survival of individuals. When combined with the species
naturally low reproductive rate, these stressors have led to declines in murrelet abundance,
distribution, and reproduction at the population scale within the listed-range.

When the murrelet was listed under the Endangered Species Act (57 FR 45333-45336 [October
1, 1992]) and summarized in the Recovery Plan (USFWS 1997a, pp. 43 -76), several
anthropogenic threats were identified as having caused the dramatic decline in the species.

e habitat destruction and modification in the terrestrial environment from timber harvest
and human development caused a severe reduction in the amount of nesting habitat

e unnaturally high levels of predation resulting from forest “edge effects” ;

¢ the existing regulatory mechanisms, such as land management plans (in 1992), were
considered inadequate to ensure protection of the remaining nesting habitat and
reestablishment of future nesting habitat; and

e manmade factors such as mortality from oil spills and entanglement in fishing nets used
in gill-net fisheries.
There have been changes in the levels of these threats since the 1992 listing (USFWS 2004,
pp.11-12; USFWS 2009, pp. 27-67). The regulatory mechanisms implemented since 1992 that
affect land management in Washington, Oregon, and California (for example, the Northwest
Forest Plan (NWFP)) and new gill-netting regulations in northern California and Washington

! The Act defines a threatened species as a species which is likely to become an endangered species within the
foreseeable future throughout all or a significant portion of its range.



have reduced the threats to murrelets (USFWS 2004, pp.11-12). The threat levels for the other
threats identified in 1992 listing (57 FR 45333-45336 [October 1, 1992]) including the loss of
nesting habitat, predation rates, and mortality risks from oil spills and gill net fisheries (despite
the regulatory changes) remained unchanged following the FWS’s 2004, 5-year, range-wide
status review for the murrelet (USFWS 2004, pp.11-12).

However, new threats were identified in the FWS’s 2009, 5-year review for the murrelet
(USFWS 2009, pp. 27-67). These new stressors are due to several environmental factors
affecting murrelets in the marine environment. These new stressors include:

e Habitat destruction, modification, or curtailment of the marine environmental conditions
necessary to support murrelets due to:

o elevated levels of polychlorinated biphenyls in murrelet prey species;
o changes in prey abundance and availability;
o changes in prey quality;

o harmful algal blooms that produce biotoxins leading to domoic acid and paralytic
shellfish poisoning that have caused murrelet mortality; and

o climate change in the Pacific Northwest.

e Manmade factors that affect the continued existence of the species include:
o derelict fishing gear leading to mortality from entanglement;

o energy development projects (wave, tidal, and on-shore wind energy projects)
leading to mortality; and

o disturbance in the marine environment (from exposures to lethal and sub-lethal
levels of high underwater sound pressures caused by pile-driving, underwater
detonations, and potential disturbance from high vessel traffic).

Detailed discussions of the above-mentioned threats, life-history, biology, and status of the
murrelet are presented in the Federal Register, listing the murrelet as a threatened species (57 FR
45328 [October 1, 1992]); the Recovery Plan, Ecology and Conservation of the Marbled
Murrelet (Ralph et al. 1995); the final rule designating murrelet critical habitat (61 FR 26256
[May 24, 1996]); the Evaluation Report in the 5-Year Status Review of the Marbled Murrelet in
Washington, Oregon, and California (McShane et al. 2004); and the 2004 and 2009, 5-year
Reviews for the Marbled Murrelet (USFWS 2004; USFWS 2009).

Nesting Habitat Abundance

The destruction, modification, or curtailment of nesting habitat from logging, urbanization, and
land use conversion has generally been regarded as the most influential environmental stressor
that led to the 1992 Federal listing of the species under the Act. The FWS estimates that over 80
percent of the historic nesting habitat has been rendered unsuitable for nesting (57 FR 45328
[October 1, 1992]). Because of the important role nesting habitat plays in the survival and
recovery of the species, significant attention has been given to describing the quality, quantity,
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and location of the remaining nesting habitat and planning for the restoration of nesting habitat in
California, Oregon, and Washington.

Loss of Nesting Habitat Since 1992

The FWS has determined that the rate of habitat loss has declined since listing, particularly on
Federal lands due to implementation of the NWFP (USFWS 2004, pp.11 and 13). Between 1992
and 2003, the estimated loss of suitable murrelet habitat totaled 22,398 acres in Washington,
Oregon, and California combined, of which 5,364 acres resulted from timber harvest and 17,034
acres resulted from natural events (McShane et al. 2004, pg. 4-64). Those data primarily
represented losses on Federal lands, and did not include data for most private or State lands
within the murrelets’ range.

More recently, Raphael et al. (2006) used habitat models to estimate losses of potential murrelet
habitat for the period from 1994-1996 to 2002-2003 on both Federal and non-Federal lands
within the five Conservation Zones in the NWFP area. Results indicate that losses of potential
nesting habitat may be greater than previously estimated, with losses ranging from 61,000

to 279,000 acres (depending on the model, see discussion below) in the 5-Conservation Zone
area, with 10 to 28 percent of habitat loss occurring on Federal lands and 72 to 90 percent on
non-Federal lands.

Current Amount of Nesting Habitat

McShane et al. (2004, p. 4-2), reviewed and summarized habitat estimates from 16 sources and
estimated the amount of murrelet nesting habitat at 2,223,048 acres distributed throughout
Washington, Oregon, and California (McShane et al. 2004, p. 4-5). Washington State contains
almost half of all remaining nesting habitat with an estimated 1,022,695 acres or 48 percent of
the total. Approximately 93 percent (2,000,000 acres) are reported to occur on Federal lands
(McShane et al. 2004, p. 4-10).

In another effort, Raphael et al (2006) produced two spatial models for the NWFP Effectiveness
Monitoring (EM) program to predict the amount, location, and distribution of murrelet nesting
habitat. Combining vegetation-based maps derived from satellite imagery and prior estimates of
habitat on State and private lands from 1994 to 2003, Raphael et al. (2006, p. 109) used a panel
of experts to reclassify 22 old-growth forest classes into four classes of murrelet habitat based
upon nesting suitability. Referred to as the Expert Judgment Model, the model classifies existing
forest structure, based upon percent conifer cover, canopy structure, quadratic mean diameter,
and forest patch size, into four classes of suitability for nesting murrelets. Raphael et al. (20086,
p.116 - 123) found that across the murrelet range, most habitat-capable land (52 percent) is
unsuitable nesting habitat (Class 1) and 18 percent is classified as Class 4 habitat (highest
suitability), with an estimated 41 percent of the Class 4 habitat (1,620,800 acres) occurring on
non-Federal lands.

The second habitat model developed by Raphael et al. (2006) used the Biomapper Ecological
Niche-Factor Analysis methodology developed by Hirzel et al. (2002). The resulting murrelet
habitat suitability maps are based on both the physical and vegetative attributes adjacent to



known murrelet occupied polygons or nest locations for each NWFP province. The maps
provide a range of habitat suitability values, each with acreage estimates. In Washington, 2.1
million acres of habitat were rated with a habitat suitability (HS) greater than 60 and captured 82
percent of the stands documented as occupied, while 440,700 acres of habitat were rated as HS
>80 habitat and captured 36 percent of the known occupied stands.

The FWS believes the Expert Judgment and Ecological Niche Factor Analysis models, which
relate known (occupied) murrelet nest stands to habitat abundance, distribution, and quality,
represent the best available information on the subject. While not necessarily the best means to
describe suitable habitat at the site scale, the FWS expects these models have higher reliability
for provincial-scale analysis compared to previous efforts.

Population Status

The initial at-sea surveys for murrelets that began during the 1990s in the marine waters of
Washington, Oregon, and California were generally independent and sporadic efforts to assess
murrelet population status (abundance, trends, distribution, and fecundity). Through a more
coordinated effort, researchers developed the EM Program for the NWFP (Bentivoglio et al.
2002) in 2000 that unified the various at-sea monitoring efforts within terrestrial portions of the
five Conservation Zones contained within the planning area of the NWFP. At-sea surveys in
Conservation Zone 6, though independent of the EM Program, are modeled after the EM
Program survey methods. The at-sea survey data collected prior to the EM Program are
generally not suitable for statistical comparisons or trend analyses due to differences in survey
methods, (McShane et al. 2004).

Abundance and Distribution

Murrelet abundance during the early 1990s in Washington, Oregon, and California was estimated
at 18,550 to 32,000 birds (Ralph et al. 1995). Through the efforts of the EM program, the 2008
murrelet abundance in the listed range of the species (Table 1) is estimated at 18,261 birds
(12,544 — 26,240, 95 percent confidence interval (CI); USFWS 2010; Peery and Henry 2010).
Conservation Zones 3 and 4 typically support over half of the murrelet population within the
U.S., have the highest reported densities, and the lowest within-zone statistical variation in
population size (Table 1). Murrelets occur in the lowest abundance in Conservation Zones 5 and
6.

At the time of listing, the distribution of active nests in nesting habitat was described as non-
continuous (USFWS 19973, p 14). The at-sea extent of the species currently encompasses an
area similar in size to the species historic distribution, but with the extremely low density of
murrelets in Conservation Zones 5 and 6, the southern end of the murrelet distribution is sparsely
populated compared to Conservation Zones 1-4.



Table 1. Estimates of murrelet density and population size (95 percent confidence interval (Cl))
in Conservation Zones 1 through 6 during the 2009 breeding season (USFWS 2010; Peery and
Henry 2010).

Coefficient Population Size Estimates with

Conservati Density of 95% CI Survey
onZone  (birds/kkm?)  Variation  Number of Area (km?)
(% Density) Birds Lower  Upper
1 1.61 19.9 5,623 3,922 8,352 3,497
2 0.77 22.3 1,266 751 1,881 1,650
3 3.70 17.7 5,890 3,847 7,969 1,595
4 4.19 18.9 4,851 3,575 7,153 1,159
5 - - - - - -
6 - - 631 449 885 -

The at-sea distribution also exhibits discontinuity within Conservation Zones 1, 2, 5, and 6,
where five areas of discontinuity are noted: a segment of the border region between British
Columbia, Canada and Washington, southern Puget Sound, WA, Destruction Island, WA to
Tillamook Head, OR, Humboldt County, CA to Half Moon Bay, CA, and the entire southern end
of the breeding range in the vicinity of Santa Cruz and Monterey Counties, CA (McShane et al.
2004, p. 3-70).

Trend

There are two general approaches that researchers use to assess murrelet population trend: at-sea
surveys and population modeling based on demographic data. In general, the FWS assigns
greater weight to population trend and status information derived from at-sea surveys than
estimates derived from population models because survey information generally provides more
reliable estimates of trend and abundance.

Marine Surveys

Researchers from the EM Program detected a statistically significant decline (p < 0.05) in the
abundance of the surveyed populations in Conservation Zones 1 through 5 for the 2000-2008
sample period (Falxa et al. 2009, p. 14). The decline, estimated at 490 birds per year (Standard
Error (se) =241, p =0.0412), or about 3,900 birds over the 9-year period (95% CI = £4,553
birds), represents a 2.4 percent annual rate of decline (21.6 percent decline during the 2000 -
2008 survey period).

Because of a concern about possible departures from the survey protocol in 2000, Falxa et al.
(2009) also report results from the 2001-2008 period without the 2000 data. In the absence of
2000 data, the estimated decline increases to 870 birds per year (standard error (se) = 129), or
about 6,900 birds over the 8-year period (95% CI = +2,533 birds), representing an annual decline
of 4.3 percent (34.4 percent decline during the 2001-2008 survey period).

The 2008 population estimate for Conservation Zone 6 represents a decline of about 55 percent
from the 2007 estimate and a 75 percent decline from the 2003 estimate (Peery et al. 2008), or an
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average decline of about 15 percent per year between 2003 and 2008. The 2007 and 2008
population estimates in Conservation Zone 6 are the lowest since the surveys began in 1999.
The authors conclude that the murrelet population in central California has exhibited a
significant and rapid decline from 2003 to 2008 (Peery et al. 2008).

Trend analyses detected no statistically significant trends in murrelet abundance at the scale of
the Conservation Zone for 2000-2008.> However, using 9 years of survey data, the statistical
power to detect decline rates of 2 to 4 percent per year was generally not high (Miller et al. 2006;
pg. 57).2 With a p value estimate of 0.07, it appears the change in murrelet abundance during the
2000-2008 sample period is approaching significance in Conservation Zone 3.

Population Models

Prior to the use of survey data to estimate trend, demographic models were more heavily relied
upon to generate predictions of trends and extinction probabilities for the murrelet populaition
(Beissinger 1995; USFWS 1997b; Cam et al. 2003; and McShane et al. 2004). However,
murrelet population models remain useful because they provide insights into the demographic
parameters and environmental factors that govern population stability and future extinction risk,
including stochastic factors that may alter survival, reproductive, and immigration/emigration
rates.

In a report developed for the 5-year Status Review of the Marbled Murrelet in Washington,
Oregon, and California (McShane et al. 2004, p. 3-27 to 3-60), computer models were used to
forecast 40-year murrelet population trends. A series of female-only, multi-aged, discrete-time
stochastic Leslie Matrix population models were developed for each conservation zone to
forecast decadal population trends over a 40-year period with extinction probabilities beyond 40
years (to 2100). The authors incorporated available demographic parameters (Table 2) for each
conservation zone to describe population trends and evaluate extinction probabilities (McShane
et al. 2004, p. 3-49).

McShane et al. (2004) used mark-recapture studies conducted in British Columbia by Cam et al.
(2003) and Bradley et al. (2004) to estimate annual adult survival and telemetry studies or at-sea
survey data to estimate fecundity. Model outputs predicted -3.1 to -4.6 percent mean annual
rates of population change (decline) per decade the first 20 years of model simulations in
murrelet Conservation Zones 1 through 5 (McShane et al. 2004, p. 3-52). Simulations for all
zone populations predicted declines during the 20 to 40-year forecast, with mean annual rates of
-2.1t0 -6.2 percent per decade (McShane et al. 2004:p. 3-52). These reported rates of decline are
similar to the estimates of -4 to -7 percent per year reported in the Recovery Plan (USFWS
1997b, p. 5).

2 |f the 2000 data are excluded, trend analyses detected a highly significant decline in Conservation Zone 1 (p =
0.0099) with an estimated annual rate of decline of 7.9 percent (s.e. = 183) or 577 birds per year. Data from 2009
murrelet surveys not included yet.

® The FWS does not consider the absence of a statistically detectable trend to be conclusive evidence of population
stability.



Table 2. Rangewide murrelet demographic parameter values based on four studies all using
Leslie Matrix models.

Demographic Parameter Beissinger  Beissinger and Eﬁasﬂggg McShane et al.
1995 Nur 1997* (2007) 2004
Juvenile Ratio (R) 0.10367 0.124 or 0.131 0.089 0.02 - 0.09
Annual Fecundity 0.11848 0.124 or 0.131 0.06-0.12 -
Nest Success - - 0.16-0.43 0.38 - 0.54
Maturation 3 3 3 2-5

Estimated Adult 859%_90% 85%-88% 82%-90% 83 % 92 %
Survivorship

*In U.S. Fish and Wildlife FWS (1997h).

McShane et al. (2004, pp. 3-54 to 3-60) modeled population extinction probabilities beyond 40
years under different scenarios for immigration and mortality risk from oil spills and gill nets.
Modeled results forecast different times and probabilities for local extirpations, with an
extinction risk® of 16 percent and mean population size of 45 individuals in 100 years in the
listed range of the species (McShane et al. 2004, p. 3-58).

Reproduction

Generally, estimates of murrelet fecundity are directed at measures of breeding success, either
from direct assessments of nest success in the terrestrial environment, marine counts of hatch-
year birds, or computer models. Telemetry estimates are typically preferred over marine counts
for estimating breeding success due to fewer biases (McShane et al. 2004, p. 3-2). However,
because of the challenges of conducting telemetry studies, estimating murrelet reproductive rates
with an index of reproduction, referred to as the juvenile ratio (R),> continues to be important,
despite the debate over use of this index (see discussion in Beissinger and Peery 2007, p. 296).

Although difficult to obtain, nest success rates® are available from telemetry studies conducted in
California (Hebert and Golightly, 2006; Peery et al. 2004) and Washington (Bloxton and
Raphael 2006). In northwest Washington, Bloxton and Raphael (2005, p.5) documented a nest
success rate of 0.20 (2 chicks fledging from 10 nest starts). In central California, murrelet nest
success is 0.16 (Peery et al. 2004, p.1098) and in northern California it is 0.31 to 0.56 (Hebert
and Golightly 2006, p.95). No studies or published reports from Oregon are available.

Unadjusted and adjusted values for estimates of murrelet juvenile ratios suggest extremely low
breeding success in northern California (0.003 to 0.008; Long et al. 2008, pp.18-19), central
California (0.035 and 0.032; Beissinger and Peery 2007, pp. 299, 302), and in Oregon (0.0254 —

* Extinction was defined by McShane et al. (2004, p. 3-58) as any murrelet conservation zone containing less than

30 birds.

® The juvenile ratio (R) for murrelets is derived from the relative abundance of hatch-year (HY;
0-1 yr-old) to after-hatch-year (AHY; 1+ yr-old) birds (Beissinger and Peery 2007, pp. 297) and
is calculated from marine survey data.

® Nest success here is defined by the annual number of known hatchlings departing from the nest (fledging) divided
by the number of nest starts.



0.0598; Crescent Coastal Research, 2008, p.13). Estimates for R (adjusted) in the San Juan
Islands in Washington have been below 0.15 every year since surveys began in 1995, with three
of those years below 0.05 (Raphael et al. 2007, p.16).

These current estimates of R are assumed to be below the level necessary to maintain or increase
the murrelet population. Demographic modeling suggests murrelet population stability requires
a minimum reproductive rate of 0.18 to 0.28 (95 % CI) chicks per pair per year (USFWS 1997b
and Beissinger and Peery 2007, p. 302). Even the lower level of the 95 percent confidence
interval from USFWS (1997Db) and Beissinger and Peery (2007, p. 302) is greater than the
current range of estimates for R (0.02 to 0.13 chicks per pair) for any of the Conservation Zones
(Table 2).

The current estimates for R also appear to be well below what may have occurred prior to the
murrelet population decline. Beissinger and Peery (2007, p. 298) performed a comparative
analysis using historic data from 29 bird species to predict the historic R for murrelets in central
California, resulting in an estimate of 0.27 (95% CI: 0.15 - 0.65). Therefore, the best available
scientific information of murrelet fecundity from model predictions and trend analyses of survey-
derived population data appear to align well. Both indicate that the murrelet reproductive rate is
generally insufficient to maintain stable population numbers throughout all or portions of the
species’ listed range.

Summary: Murrelet Abundance, Distribution, Trend, and Reproduction

The 2007 and 2008 estimated abundance for murrelets within the species listed range were the
lowest recorded levels since inception of the EM program (Falxa et al. 2009, p. 9), with the
current population size within the listed range of the species estimated at 17,965 birds (95% CI:
14,722 - 21,208; USFWS 2009, p.16). Although murrelets are distributed throughout their
historical range, the area of occupancy within their historic range appears to be reduced from
historic levels. The distribution of the species also exhibits five areas of discontinuity: a segment
of the border region between British Columbia, Canada and Washington; southern Puget Sound,
WA; Destruction Island, WA to Tillamook Head, OR; Humboldt County, CA to Half Moon Bay,
CA,; and the entire southern end of the breeding range in the vicinity of Santa Cruz and Monterey
Counties, CA (McShane et al. 2004, p. 3-70).

A statistically significant decline was detected in Conservation Zone 1 for the 2001-2008 period
and the decline in Conservation Zone 3 is approaching significance (p = 0.0731) for the 2000-
2008 period (Falxa et al. 2009, p. 14). The overall population trend from the combined 2000-
2008 population estimates (Conservation Zones 1 - 5) indicate a statistically significant,
rangewide annual rate of decline in the range of 2.4 to 4.3 percent (Falxa et al. 2009, p. 14), or
about 490 birds per year (S.E. = 241, p = 0.0412). This equates to an overall estimated 21.6
percent decline during the 2000-2008 survey period.

The current range of estimates for R, the juvenile to adult ratio, is assumed to be below the level
necessary to maintain or increase the murrelet population. Whether derived from marine surveys
or from population modeling (R = 0.02 to 0.13, Table 2), the available information is in general
agreement that the current ratio of hatch year birds to after-hatch year birds is insufficient to



maintain stable numbers of murrelets throughout the listed range. The current estimates for R
also appear to be well below what may have occurred prior to the murrelet population decline
(Beissinger and Peery (2007, p. 298) and model predictions forecast an extinction risk of 16
percent, with a 3-state mean population size of 45 individuals in 100 years in the listed portion of
the species’ range (McShane et al. 2004, p. 3-58).

Thus, considering the best available data on abundance, distribution, population trend, and the
low reproductive success of the species, the FWS concludes the murrelet population within the
portion of its listed range currently has little or no capability to self-regulate, as indicated by the
significant, annual decline in abundance the species is currently undergoing throughout the listed
range. The FWS expects the species to continue to exhibit further reductions in the distribution
and abundance into the foreseeable future, due largely to the expectation that the variety of
environmental stressors present in the marine and terrestrial environments (discussed in the
Threats to Murrelet Survival and Recovery section) will continue into the foreseeable future.

Recovery Plan

The Marbled Murrelet Recovery Plan outlines the conservation strategy with both short- and
long-term objectives. The Plan places special emphasis on the terrestrial environment for
habitat-based recovery actions due to nesting occurring in inland forests.

In the short-term, specific actions identified as necessary to stabilize the population include
protecting occupied habitat and minimizing the loss of unoccupied but suitable habitat (USFWS
1997b, p. 119). Specific actions include maintaining large blocks of suitable habitat, maintaining
and enhancing buffer habitat, decreasing risks of nesting habitat loss due to fire and windthrow,
reducing predation, and minimizing disturbance. The designation of critical habitat also
contributes towards the initial objective of stabilizing the population size through the
maintenance and protection of occupied habitat and minimizing the loss of unoccupied but
suitable habitat.

Long-term conservation needs identified in the Plan include:

e increasing productivity (abundance, the ratio of juveniles to adults, and nest success)
and population size;

e increasing the amount (stand size and number of stands), quality, and distribution of
suitable nesting habitat;

e protecting and improving the quality of the marine environment; and
¢ reducing or eliminating threats to survivorship by reducing predation in the terrestrial
environment and anthropogenic sources of mortality at sea.

Recovery Zones

The Plan identified six Conservation Zones (Figure 1) throughout the listed range of the species:
Puget Sound (Conservation Zone 1), Western Washington Coast Range (Conservation Zone 2),
Oregon Coast Range (Conservation Zone 3), Siskiyou Coast Range (Conservation Zone 4),



Mendocino (Conservation Zone 5), and Santa Cruz Mountains (Conservation Zone 6). Recovery
zones are the functional equivalent of recovery units as defined by FWS policy (USFWS 1997b,
p. 115).

Recovery Zones in Washington

Conservation Zones 1 and 2 extend inland 50 miles from marine waters. Conservation Zone 1
includes all the waters of Puget Sound and most waters of the Strait of Juan de Fuca south of the
U.S.-Canadian border and the Puget Sound, including the north Cascade Mountains and the
northern and eastern sections of the Olympic Peninsula. Conservation Zone 2 includes marine
waters within 1.2 miles(2 km) off the Pacific Ocean shoreline, with the northern terminus
immediately south of the U.S.-Canadian border near Cape Flattery along the midpoint of the
Olympic Peninsula and extending to the southern border of Washington (the Columbia River)
(USFWS 1997b, pg. 126).

Lands considered essential for the recovery of the murrelet within Conservation Zones 1 and 2
are 1) any suitable habitat in a Late Successional Reserve (LSR), 2) all suitable habitat located in
the Olympic Adaptive Management Area, 3) large areas of suitable nesting habitat outside of
LSRs on Federal lands, such as habitat located in the Olympic National Park, 4) suitable habitat
on State lands within 40 milesof the coast, and 5) habitat within occupied murrelet sites on
private lands (USFWS 1997b).
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Figure 1. The six geographic areas identified as Conservation Zones in the recovery plan for the
marbled murrelet (USFWS 1997b). Note: “Plan boundary” refers to the Northwest Forest Plan.
Figure adapted from Huff et al. (2006, p.6).
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Conservation Needs of the Species

Reestablishing an abundant supply of high quality murrelet nesting habitat is a vital conservation
need given the extensive removal during the 20" century. However, there are other conservation
imperatives. Foremost among the conservation needs are those in the marine and terrestrial
environments to increase murrelet fecundity by increasing the number of breeding adults,
improving murrelet nest success (due to low nestling survival and low fledging rates), and
reducing anthropogenic stressors that reduce individual fitness’ or lead to mortality.

The overall reproductive success (fecundity) of murrelets is directly influenced by nest predation
rates (reducing nestling survival rates) in the terrestrial environment and an abundant supply of
high quality prey in the marine environment during the breeding season (improving potential
nestling survival and fledging rates). Anthropogenic stressors affecting murrelet fitness and
survival in the marine environment are associated with commercial and tribal gillnets, derelict
fishing gear, oil spills, and high underwater sound pressure (energy) levels generated by pile-
driving and underwater detonations (that can be lethal or reduce individual fitness).

General criteria for murrelet recovery (delisting) were established at the inception of the Plan and
they have not been met. More specific delisting criteria are expected in the future to address
population, demographic, and habitat based recovery criteria (USFWS 1997b, p. 114-115). The
general criteria include:

e documenting stable or increasing population trends in population size, density, and
productivity in four of the six Conservation Zones for a 10-year period and

¢ implementing management and monitoring strategies in the marine and terrestrial
environments to ensure protection of murrelets for at least 50 years.

Thus, increasing murrelet reproductive success and reducing the frequency, magnitude, or
duration of any anthropogenic stressor that directly or indirectly affects murrelet fitness or
survival in the marine and terrestrial environments are the priority conservation needs of the
species. The FWS estimates recovery of the murrelet will require at least 50 years (USFWS
1997b).

Summary

The level of risk posed by some threats to the murrelet population may have been reduced as a
result of the species’ listing under the Act, such as the passage of the Oil Pollution Act and
implementation of the NWFP. However, the FWS is not aware that any threats have been
removed since listing and in some portions of the listed range, new threats (identified above)
have been identified which affect the species at the local population or listed-entity scales.
Currently, the FWS expects these threats to continue into the foreseeable future and those that
cause direct mortality or reduce individual fitness are likely to contribute to murrelet population
declines.

" Fitness is measure of the relative capability of individuals within a species to reproduce and pass its’ genotype to
the next generation.
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Considering the life history characteristics of the murrelet, the species’ capability to recover from
the mortality or reduced-fitness stressors is extremely low. The low observed reproductive rate
causes the murrelet population to be highly sensitive to mortality and fitness-reducing stressors,
particularly when they occur at a frequency which exceeds the species’ loss-replacement rate.
Despite the relatively long life span of murrelets and a reasonably high adult survival rate, the
annual replacement rates needed for long-term population maintenance and stability is currently
well below the annual rate of individuals being removed from each Conservation Zone.

Therefore, given the interactive effect of an extremely low fecundity and the current threats
facing the species, it is reasonable to predict that the murrelet populations (in each Conservation
Zone) throughout the listed range are likely to continue to decline. The decline is expected to
continue until murrelet fecundity is significantly improved and the anthropogenic stressors
affecting fitness, survivorship, and nest success are eliminated or sufficiently reduced.
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