TABLE OF CONTENTS
1
2
3

4
5

6

INTRODUCTION .............................................................................................................. 1
CONSULTATION HISTORY ........................................................................................... 1
CONCURRENCES............................................................................................................. 3
3.1
Western Snowy Plover .................................................................................................. 3
3.1.1
Concurrence ........................................................................................................5
3.2
Streaked Horned Lark ................................................................................................... 5
3.2.1
Concurrence ........................................................................................................5
3.3
Northern Spotted Owl ................................................................................................... 5
3.3.1
Potential Disturbance to Nesting Spotted Owls from Aircraft Overflights ........6
3.3.1.1
Best Available Information Regarding the Effects of Aircraft
Overflights to Spotted Owls.........................................................................6
3.3.1.1.1 Background ................................................................................................6
3.3.1.1.2 Military Helicopter Overflights ..................................................................6
3.3.1.1.3 Military Jet Aircraft Overflights.................................................................7
3.3.1.2
Evaluation Criteria for Assessing the Effects of Aircraft Overflights
on Spotted Owls .........................................................................................11
3.3.1.3
Exposure of Spotted Owl Nesting/Roosting/Foraging Habitat to
Aircraft Noise in the Olympic MOAs ........................................................13
3.3.1.4
Effects of Proposed Military Aircraft Overflights on Spotted Owls in
the Olympic MOAs ....................................................................................13
3.3.2
Potential for Spotted Owl – Aircraft Collisions ...............................................14
3.3.3
Potential for Spotted Owl Exposure to Ground-Based Disturbance ................15
3.3.4
Potential for Spotted Owl Exposure to Electromagnetic Radiation .................16
3.3.4.1
Effects of Spotted Owl Exposure to EMR .................................................16
3.3.5
Concurrence ......................................................................................................17
3.4
Designated Bull Trout Critical Habitat ....................................................................... 17
3.4.1
Concurrence ......................................................................................................19
BIOLOGICAL OPINION................................................................................................. 20
DESCRIPTION OF THE PROPOSED ACTION ............................................................ 20
5.1
Navy’s Northwest Training and Testing Activities .................................................... 20
5.2
Proposed Training Activities ...................................................................................... 21
5.3
Training Activity Levels ............................................................................................. 23
5.4
Proposed Testing Activities ........................................................................................ 30
5.5
Testing Activity Levels ............................................................................................... 33
5.6
U.S. Forest Service’s Special Use Permit ................................................................... 41
5.7
Conservation Measures ............................................................................................... 44
5.7.1
NMFS Final Biological Opinion Terms and Conditions ..................................46
ACTION AREA................................................................................................................ 48
6.1
Offshore Area Subunit ................................................................................................ 48
6.1.1
Special Use Airspace ........................................................................................50
6.1.2
Sea and Undersea Space ...................................................................................50
6.2
Inland Waters Subunit ......................................................................................50
6.2.1
Air Space ..........................................................................................................51

ii

7
8

9

6.2.2
Sea and Undersea Space ...................................................................................52
6.2.2.1
Explosive Ordnance Disposal Training Ranges ........................................52
6.2.2.2
Surface and Subsurface Testing Sites ........................................................52
6.2.2.3
Pierside Facilities .......................................................................................53
6.3
Olympic Military Operations Areas Subunit .............................................................. 53
ANALYTICAL FRAMEWORK FOR THE JEOPARDY DETERMINATIONS .......... 53
7.1
Jeopardy Determination .............................................................................................. 53
STATUS OF THE SPECIES - RANGEWIDE ................................................................ 54
8.1
Bull Trout .................................................................................................................... 54
8.2
Marbled Murrelet ........................................................................................................ 55
8.3
Short-tailed Albatross ................................................................................................. 56
ENVIRONMENTAL BASELINE.................................................................................... 56
9.1
Status of Bull Trout in the Action Area ...................................................................... 57
9.1.1
Offshore Area ...................................................................................................57
9.1.2
Inland Waters Subunit ......................................................................................58
9.1.2.1
Hood Canal ................................................................................................58
9.1.2.2
Puget Sound ...............................................................................................58
9.1.2.3
Factors Affecting the Bull Trout Within the Inland Waters Subunit .........60
9.1.2.3.1 Crescent Harbor EOD Training Range Site .............................................60
9.1.2.3.2 Naval Station Everett................................................................................63
9.1.2.4
Conservation Role of the Crescent Harbor Portion of the Action
Area for Bull Trout ....................................................................................64
9.2
Status of the Marbled Murrelet in the Action Area .................................................... 65
9.2.1
Marbled Murrelets in the Marine Environment ................................................66
9.2.1.1
Offshore Area Subunit ...............................................................................68
9.2.1.1.1 Factors Affecting the Marbled Murrelet Environment within the
Offshore Area Subunit..............................................................................75
9.2.1.2
Inland Waters Subunit................................................................................78
9.2.1.3
Summary of Marbled Murrelet Marine Distribution in the Action
Area ............................................................................................................80
9.2.2
Marbled Murrelets in the Terrestrial Environment...........................................81
9.2.2.1
Conservation Zone 2 ..................................................................................81
9.2.2.2
Olympic MOAs Subunit ............................................................................82
9.2.3
Conservation Role of the Action Area .............................................................83
9.2.4
Threats ..............................................................................................................83
9.3
Status of the Short-tailed Albatross in the Action Area .............................................. 85
9.3.1
Factors Affecting the Short-tailed Albatross within the Action Area ..............88
9.3.1.1
Commercial Fishing ...................................................................................88
9.3.1.2
Predation ....................................................................................................89
9.3.1.3
Oil Spills ....................................................................................................89
9.3.1.4
Plastics .......................................................................................................89
9.3.2
Conservation Role of the Action Area .............................................................90
9.4
Climate Change ........................................................................................................... 90
9.4.1
Bull Trout .........................................................................................................92
9.4.2
Marbled Murrelet ..............................................................................................93
9.4.3
Short-tailed Albatross .......................................................................................93
iii

9.5

Previously Consulted-on Effects................................................................................. 94
9.5.1
Offshore Area Subunit ......................................................................................94
9.5.1.1
Short-tailed Albatross ................................................................................94
9.5.2
Offshore Area and Olympic MOA Subunits ....................................................95
9.5.2.1
Marbled Murrelet and Bull Trout ..............................................................95
9.5.3
Inland Waters Subunit ......................................................................................95
9.5.3.1
Marbled Murrelet and Bull Trout ..............................................................95
9.5.4
Population Effects of Previously Consulted-on Federal Actions .....................96
9.5.4.1
Bull Trout ...................................................................................................96
9.5.4.2
Marbled Murrelet .......................................................................................96
9.5.4.3
Short-tailed Albatross ................................................................................96
10
EFFECTS OF THE ACTION ........................................................................................... 97
10.1 Introduction ................................................................................................................. 97
10.2 Description of Stressors .............................................................................................. 99
10.2.1
Acoustical .........................................................................................................99
10.2.2
Energy...............................................................................................................99
10.2.3
Physical Disturbance ........................................................................................99
10.2.4
Entanglement ..................................................................................................100
10.2.5
Ingestion .........................................................................................................100
10.2.6
Air Quality ......................................................................................................100
10.2.7
Sediment and Water Quality...........................................................................100
10.3 Approach to the Analysis .......................................................................................... 100
10.4 Analysis of the Effects of Acoustics and Impulses ................................................... 115
10.4.1
Definitions of Acoustics Terminology ...........................................................115
10.4.2
General Principles of Sound ...........................................................................117
10.4.3
Auditory Effects to Fish and Birds Caused by Exposure to Impulses and
Sonar ..............................................................................................................118
10.4.4
Non-Auditory Effects to Fish and Birds Caused by Exposure to Impulses
and Sonar .......................................................................................................120
10.4.5
Effect Thresholds for Sonar and Explosions ..................................................121
10.4.5.1
Sonar ........................................................................................................125
10.4.5.1.1 Effects of Sonar on Bull Trout ...............................................................126
10.4.5.1.2 Marbled Murrelet ...................................................................................132
10.4.5.1.3 Short-tailed Albatross .............................................................................141
10.4.5.2
Underwater Explosions ............................................................................144
10.4.5.2.1 Effects of Underwater Explosions on Bull Trout ...................................144
10.4.5.2.2 Effects of Explosives on Bull Trout Prey...............................................150
10.4.5.2.3 Effects of Underwater Explosions on the Marbled Murrelet .................154
10.4.5.2.4 Effects of Underwater Explosions on Marbled Murrelet Prey ...............164
10.4.5.2.5 Effects of Underwater Explosions on the Short-tailed Albatross...........168
10.4.5.2.6 Effects of Underwater Explosions on Short-tailed Albatross Prey ........173
10.4.5.3
In-Air Explosions .....................................................................................174
10.4.5.3.1 Effects of In-Air Explosions on the Marbled Murrelet ..........................175
10.4.5.3.2 Effect of In-Air Explosions on the Short-tailed Albatross .....................183
10.4.5.4
Non-Explosive Projectiles .......................................................................190

iv

10.4.5.4.1 Effects of Non-Explosive Projectiles on the Marbled Murrelet in the
Offshore Area .........................................................................................191
10.4.5.4.2 Effects of Non-Explosive Projectiles on the Short-tailed Albatross
in the Offshore Area ...............................................................................197
10.4.5.5
Other Non-Explosive Practice Munitions (Bombs and Missiles) ............202
10.4.5.5.1 Effects of Non-Explosive Practice Munitions on the Marbled
Murrelet ..................................................................................................203
10.4.5.6
Vessel Noise.............................................................................................206
10.4.5.6.1 Bull Trout, Marbled Murrelet, Short-tailed Albatross ...........................206
10.4.6
Ingestion of Debris .........................................................................................222
10.4.6.1
Effects of Ingestions of Debris in the Marbled Murrelet .........................223
10.4.6.2
Effects of Ingestion in the Short-tailed Albatross ....................................225
10.4.7
Effects of Electromagnetic Energy, Lasers, and Electromagnetic
Radiation on the Marbled Murrelet................................................................227
10.4.7.1
Offshore Area and Inland Waters ............................................................227
10.4.7.2
Olympic MOAs ........................................................................................228
10.4.8
Ground-Based Noise and Visual Disturbance ................................................231
10.4.8.1
Evaluation Criteria ...................................................................................231
10.4.9
Physical Disturbances and Strike ...................................................................233
10.4.9.1
Vessel Strikes ...........................................................................................233
10.4.9.1.1 Effects of Vessel Strike on the Marbled Murrelet and the Shorttailed Albatross .......................................................................................233
10.4.10 In-Water Devices ............................................................................................234
10.4.10.1 Effects to the Bull Trout, the Marbled Murrelet, and the Short-tailed
Albatross From In-water Devices...........................................................234
10.4.10.2 Seafloor Devices ......................................................................................235
10.4.11 Effects to the Bull Trout and the Marbled Murrelet from In-water
Disturbance in Inland Waters.........................................................................235
10.4.11.1 Divers and Swimmers (In-water Disturbance) ........................................235
10.4.11.2 Strike by Military Expended Material and Their Fragments ...................236
10.4.12 Effects of Helicopter Use to Marbled Murrelets in Inland Waters.................236
10.4.13 Effects of Helicopter Use to Marbled Murrelets and Short-tailed
Albatross in the Offshore Area ......................................................................239
10.4.14 Aircraft Strikes ...............................................................................................240
10.4.14.1 Effects of Aircraft Use to the Marbled Murrelet over the Olympic
MOAs .......................................................................................................240
10.4.14.2 Effects of Aircraft Use to the Marbled Murrelet and Short-tailed
Albatross in the Offshore Area ................................................................241
10.4.15 Effects of Entanglement on the Bull Trout, the Marbled Murrelet, and the
Short-tailed Albatross ....................................................................................241
10.4.16 Effects of Air Pollutants on the Bull Trout, Marbled Murrelet, and Shorttailed Albatross ..............................................................................................243
10.4.17 Effects of Sediment and Water Quality on the Bull Trout, the Marbled
Murrelet, the Short-tailed Albatross ..............................................................243
10.5 Summary of Effects to Bull Trout, Marbled Murrelets, and Short-tailed Albatross 244
11
CUMULATIVE EFFECTS ............................................................................................ 247

v

12

INTEGRATION AND SYNTHESIS ............................................................................. 249
12.1 Bull Trout .................................................................................................................. 249
12.1.1
Effects to Bull Trout Populations ...................................................................250
12.2 Marbled Murrelet ...................................................................................................... 251
12.2.1
Range-wide Status Summary..........................................................................251
12.2.2
Threats to Murrelet Survival and Recovery ...................................................252
12.2.3
Murrelet Conservation Needs .........................................................................252
12.2.4
Summary of the Environmental Baseline in the Action Area ........................253
12.2.4.1
Inland Waters of Puget Sound and the Strait of Juan de Fuca .................253
12.2.4.2
Offshore Areas .........................................................................................254
12.2.5
Summary of the Effects of the Proposed Action on Murrelets.......................254
12.2.5.1
Effects to Murrelet Populations ...............................................................257
12.2.5.1.1 Inland Waters of Puget Sound and the Strait of Juan de Fuca Conservation Zone 1 ..............................................................................257
12.2.5.1.2 Offshore Areas – Conservation Zones 2-6 .............................................260
12.2.5.1.3 Conservation Zone 2 – Washington Coast .............................................261
12.2.5.1.4 Conservation Zones 3 and 4 – Oregon and Northern California ............262
12.2.5.1.5 Conservation Zones 5 and 6 – Central California Coast ........................262
12.2.6
Summary of Cumulative Effects ....................................................................264
12.2.7
Overall Summary of Effects of the Action on Murrelet Numbers and
Reproduction Range-wide .............................................................................264
12.2.8
Overall Summary of Effects of the Action on Murrelet Range-wide
Distribution ....................................................................................................265
12.3 Short-tailed Albatross ............................................................................................... 265
12.3.1
Summary of the Species Status and Environmental Baseline ........................265
12.3.2
Summary of the Effects of the Proposed Action, and Cumulative Effects ....265
12.3.3
Effects to Short-tailed Albatross Survival and Recovery ...............................266
13
CONCLUSION ............................................................................................................... 266
13.1 Bull Trout .................................................................................................................. 266
13.2 Marbled Murrelet ...................................................................................................... 266
13.3 Short-tailed Albatross ............................................................................................... 267
14
INCIDENTAL TAKE STATEMENT ............................................................................ 267
15
FORM AND AMOUNT OR EXTENT OF TAKE ........................................................ 267
15.1 Bull Trout .................................................................................................................. 267
15.1.1
E3 and <E1 Detonations .................................................................................268
15.2 Marbled Murrelet ...................................................................................................... 268
15.2.1
MF8 Sonar ......................................................................................................268
15.2.2
E3 Detonations ...............................................................................................269
15.2.3
Helicopter Rotor Wash ...................................................................................269
15.2.4
E3 and E4 Explosions .....................................................................................269
15.2.5
E1 Medium-caliber Projectile Explosions, Projectile Strikes, Fragment
Strikes, and Projectile Shock Waves .............................................................269
15.2.6
E3/E5 Large-caliber Projectile Explosions, Projectile Strikes, Fragment
Strikes, Projectile Shock Waves, and Muzzle Blasts .....................................269
15.2.7
Small-caliber Non-Explosive Projectiles – Physical Strikes ..........................269

vi

15.2.8

16

17
18
19
20
21

Medium-caliber Non-Explosive Projectiles – Physical Strikes and
Projectile Shock Waves .................................................................................270
15.2.9
Large-caliber Non-Explosive Projectiles – Physical Strikes, Projectile
Shock Waves, and Muzzle Blasts ..................................................................270
15.3 Short-tailed Albatross ............................................................................................... 270
15.3.1
E1 Explosions, Projectile Strikes, Fragment Strikes, and Projectile Shock
Waves .............................................................................................................270
15.3.2
E5 Explosions, Projectile Strikes, Fragment Strikes, Projectile Shock
Waves, and Muzzle Blasts .............................................................................271
15.3.3
Small-caliber Non-Explosive Projectiles – Physical Strike ...........................271
15.3.4
Medium-caliber Non-Explosive Projectiles – Physical Strike and
Projectile Shock Wave ...................................................................................271
15.3.5
Large-caliber Non-Explosive Projectiles – Physical Strike, Projectile
Shock Wave, and Muzzle Blast .....................................................................271
EFFECT OF THE TAKE................................................................................................ 271
16.1 Bull Trout .................................................................................................................. 271
16.2 Marbled Murrelet ...................................................................................................... 271
16.3 Short-tailed Albatross ............................................................................................... 271
REASONABLE AND PRUDENT MEASURES ........................................................... 272
TERMS AND CONDITIONS ........................................................................................ 272
CONSERVATION RECOMMENDATIONS ................................................................ 273
REINITIATION NOTICE .............................................................................................. 275
LITERATURE CITED ................................................................................................... 276

Appendices
Appendix A: Estimating the Probability of Listed Seabird Exposure to Stressors caused by the
Navy’s NW Training and Testing Program (NWTT) in the Marine Environment
Appendix B: Description of the Navy activities
Appendix C: Bull trout range-wide status of the species
Appendix D: Marbled murrelet range-wide status of the species
Appendix E: Short-tail albatross range-wide status of the species
Appendix F: Bull trout core areas, Lower Skagit, Stillaguamish, Snohomish
Appendix G: Estimating the Probability of Marbled Murrelets Exposure to Stressors from
Explosions and Sonar in Conservation Zone 1 (Inland Waters)
Appendix H: Probability or Likelihood of Exposure Marble Murrelet Calculator

vii

TABLES
Table 1. Representative Training Activities Occurring in the NWTT Study Area .......................22
Table 2. Proposed Training Activities. .........................................................................................24
Table 3. Representative Testing Activities Occurring in the NWTT Study Area. .......................31
Table 4. Proposed Testing Activities. ...........................................................................................34
Table 5. Summary of mobile electromagnetic emitters in electronic warfare training. ...............41
Table 6. Location of proposed MEWTS Emitter Sites (Navy 2014, p. 1-5). ...............................42
Table 7. Marbled murrelet population estimates and densities in Conservation Zone 2
from 2001 to 2015...........................................................................................................73
Table 8. Marbled murrelet population estimates and densities in Conservation Zone 3
from 2001 to 2015...........................................................................................................73
Table 9. Marbled murrelet population estimates and densities in Conservation Zone 4
from 2001 to 2015...........................................................................................................74
Table 10. Marbled murrelet population estimates and densities in Conservation Zone 5
from 2001 to 2015...........................................................................................................74
Table 11. Marbled murrelet population estimates and densities in Conservation Zone 1
from 2001 to 2015...........................................................................................................79
Table 12. Summary of marbled murrelet nesting habitat distribution in Conservation
Zone 2. ............................................................................................................................81
Table 13. Summary of land ownership and distribution of potential marbled murrelet
nesting habitat on the Olympic Peninsula and within the Olympic MOAs. ...................82
Table 14. Proposed training and testing activities, potential stressor caused by those
activities, and the listed species adversely affected to those stressors. .........................101
Table 15. Explosives used in the proposed training and testing activities..................................125
Table 16. Source bins for sonar used in the proposed training and testing activities. ................127
Table 17. Navy-developed distance threshold for adverse effects to the bull trout caused
by sonar, and the Service’s injury or mortality thresholds for bull trout exposure
to sonar. .........................................................................................................................130
Table 18. Navy-developed distance thresholds for adverse effects to the marbled
murrelet caused by sonar and the Service’s injury thresholds for marbled
murrelet from sonar.......................................................................................................134
Table 19. Sonar effects to the marbled murrelet in the Inland Waters Subunit that are
insignificant or discountable. ........................................................................................135
Table 20. Sonar use in the Inland Waters Subunit that is expected to result in exposure to
marbled murrelets, and the expected number of marbled murrelet groups
exposed over the 20-year term of the proposed action. ................................................138
Table 21. The Service’s thresholds for injury of short-tailed albatross from sonar. ..................143
Table 22. Navy provided range to effects for short-tailed albatross from sonar. .......................143
Table 23. The Service’s injury or mortality thresholds for bull trout from explosives. .............145
Table 24. Onset of injury ranges to effect for bull trout from explosions. .................................145

viii

Table 25. The Service’s injury or mortality thresholds for marbled murrelets from
underwater explosions. .................................................................................................156
Table 26. Navy-developed distance thresholds for adverse effects to the marbled
murrelet caused by underwater explosions. ..................................................................156
Table 27. Ranges to effect for marbled murrelet from underwater explosions from
Swisdak (1978) and Yelverton et al. (1973). ................................................................157
Table 28. Cumulative probabilities of marbled murrelets being exposed to EOD
detonation at both the Hood Canal and Crescent Harbor EOD Training Range
sites over the next 20 years. ..........................................................................................159
Table 29. Cumulative probabilities of marbled murrelets being exposed to explosions in
Offshore Areas over the next 20 years. .........................................................................165
Table 30. The Service’s injury or mortality thresholds for short-tailed albatross from
underwater explosions. .................................................................................................170
Table 31. Navy-provided ranges to effects for short-tailed albatross from underwater
explosions. ....................................................................................................................170
Table 32. Ranges to effect for onset of injury of short-tailed albatross from underwater
explosions from Swisdak (1978) and Yelverton (1973). ..............................................171
Table 33. Cumulative probabilities of short-tailed albatross being exposed to underwater
explosions in Offshore Areas over the next 20 years. ..................................................173
Table 34. Explosives that detonate in the air in the Offshore Area. ...........................................175
Table 35. The Service’s injury or mortality thresholds for marbled murrelets and shorttailed albatross from in-air explosions. .........................................................................177
Table 36. Navy provided range to effects for marbled murrelets and short-tailed albatross
from in-air explosions. ..................................................................................................177
Table 37. Range to effects for onset of injury (TS or strike by fragmentation) caused by
in-air explosions. ...........................................................................................................178
Table 38. Probability of marbled murrelet exposure from explosive projectiles (in-air). ..........179
Table 39. Probability of short-tailed albatross exposure to explosive projectiles (in-air). .........185
Table 40. Areas of exposure for stressors associated with medium-caliber non-explosive
projectiles ......................................................................................................................192
Table 41. Areas of exposure for stressors associated with large-caliber non-explosive
projectiles ......................................................................................................................194
Table 42. Areas of exposure for stressors associated with medium-caliber non-explosive
projectiles for short-tailed albatross ..............................................................................199
Table 43. Areas of exposure for stressors associated with large-caliber non-explosive
projectiles ......................................................................................................................200
Table 44. Navy-provided and Service-estimated sound exposure levels (SELs) in dBA at
different altitudes for the EA-18G operating at various power settings. ......................211
Table 45. Proposed annual training missions for EA-18G jets over the Olympic Military
Operations Areas ...........................................................................................................213
Table 46. Habitat proportions of elevation bands exposed to disturbance-level aircraft
noise. .............................................................................................................................214

ix

Table 47. Summary of mobile electromagnetic (EM) emitters in electronic warfare
training. .........................................................................................................................228
Table 48. Summary of all groups/individual bull trout, marbled murrelet, or short-tailed
albatross where adverse effects are reasonably certain to occur...................................245
Table 49. Summary of estimated marine habitat areas within Inland Waters and Offshore
Areas where marbled murrelets may be exposed to stressors causing injury,
mortality, or other significant adverse effects, the expected numbers of
individuals that may be exposed, and the expected numbers of individuals
reasonably certain to be exposed (according to “reasonably certain” scenario). ..........256
Table 50. Simple estimates of murrelet population change in Conservation Zone 1 with a
comparison of the baseline trend and the trend with murrelets removed by Navy
training actions. .............................................................................................................259
Table 51. Relative distribution of murrelets exposed to stressors caused by the proposed
action in Offshore Areas. ..............................................................................................261

x

FIGURES
Figure 1. Site Locations on Forest Service lands within MOAs A and B ....................................43
Figure 2. The Navy’s Northwest Training and Testing Offshore Area, part of the action
area that includes the northern Pacific Ocean from the Washington coast to the
Aleutian Islands of Alaska. ...........................................................................................49
Figure 3. Northwest Training and Testing Inland Waters Areas. These areas are part of
the Inland Waters Subunit, and include Puget Sound, Hood Canal, and the
Strait of Juan de Fuca. ...................................................................................................51
Figure 4. Sand lance, surf smelt and Pacific herring spawning locations and pre-spawn
holding area for Pacific Herring within and surrounding Crescent Harbor
(WDFW 2015). ..............................................................................................................62
Figure 5. Sand lance and surf smelt spawning locations surrounding Naval Station
Everett. ..........................................................................................................................64
Figure 6. Marbled Murrelet Conservation Zones in the Northwest Forest Plan ...........................67
Figure 7. NWFPEM Primary Sampling Units for At-Sea Survey of Marbled Murrelets in
Washington ....................................................................................................................69
Figure 8. Mean density (birds/km2) of marbled murrelets in October (non-breeding) and
September (breeding). ...................................................................................................71
Figure 9. Mean density (birds/km2) of marbled murrelets in October (non-breeding) and
September (breeding). ...................................................................................................72
Figure 10. Core habitat (50 percent kernel) for immature short-tailed albatross during the
first and second flight years...........................................................................................86
Figure 11. Geographic distribution of opportunistic sightings of short-tailed albatross by
the NMFS Observer Program from 2001-July 2011 .....................................................87
Figure 12. Bathymetry of Skagit Bay and Crescent Harbor. ......................................................148
Figure 13. Sand lance, surf smelt and Pacific herring spawning locations and pre-spawn
holding area for Pacific Herring within and surrounding the Hood Canal EOD
Training Range site at Bangor .....................................................................................151
Figure 14. Location of explosions within Crescent Harbor will occur within the same
area every year (shaded polygon, estimated based on information provided by
the Navy). ....................................................................................................................160
Figure 15. Location of explosions within the Bangor EOD site will occur within the
same area every year, shown by the yellow dot. .........................................................161
Figure 16: Estimation of seabird exposure to stressors associated with projectiles. ..................196
Figure 17. Estimation of SELs for proposed power settings using the SELs of modeled
power settings. .............................................................................................................209
Figure 18. Estimation of distance to disturbance threshold using estimated SPLs for
proposed power settings. .............................................................................................210
Figure 19. Diagram of total area exposed to sound each hour for a jet operating at the 82
percent power setting traveling at 298 knots at an altitude of 6,000 ft MSL over
land with an elevation of 4,000 ft MSL.......................................................................216

xi

Figure 20. Summary of marbled murrelet population estimates in Conservation Zone 1
from 2001 to 2015, with mean, upper, and lower trend estimates projected
through 2035................................................................................................................258
Figure 21. Summary of range-wide marbled murrelet population estimates for the
Northwest Forest Plan monitoring area from 2001 to 2014, with mean, upper,
and lower trend estimates projected through 2025. .....................................................263

xii

ACRONYMS AND ABBREVIATIONS
AGL
ASEL
ASW
AUV
BE
CFR
CI
dB
dBA
DBRC
DEIS
DICASS
DT2
EM
EMR
EOD
ESA
EW
FEIS
FHWG
Forest Service
GC
GHG
GHz
HDC
HE
HF
Hz
IEER
INRMP
IPCC
kHz
km2
lb
LEQ
LF
M
MAC
MaxLEQ
MEWTS
MF
MHz
MOA
MSL

Above ground level
A-weighted Sound Exposure Level
Anti-submarine warfare
Autonomous Underwater Vehicle
Biological Evaluation
Code of Federal Regulations
Confidence Level
Decibel
A-weighted decibel level
Dabob Bay Range Complex
Draft Environmental Impact Statement
Directional command activated sonobuoy system
Distance To Disturbance Thresholds
Electromagnetic
Electromagnetic radiation
Explosive Ordnance Disposal
Endangered Species Act of 1973, as amended (16 U.S.C. 1531 et seq.)
Electronic Warfare
Final Environmental Impact Statement
Fisheries Hydroacoustic Working Group
U.S. Forest Service
glucocorticoids
greenhouse gas
Gigahertz
High duty cycle
High Explosive
High-frequency
Hertz
Improved extended echo ranging
Integrated Natural Resource Management Plan
Intergovernmental Panel on Climate Change
Kilohertz
square kilometers
pound
Equivalent Sound Level
Low-frequency
Modem (acoustic)
Multistatic Active Coherent
Maximum Equivalent Sound Level
Mobile Electronic Warfare Training Systems
Mid-frequency
Megahertz
Military Operations Area
Mean Sea Level

xiii

n/a
NAS
NAVBASE
Navy
NEPM
nm
nm2
NMFS
NRF
NWFP
NWFPEM
NWTT
OCNMS
ONF
ONP
OPAREA
Opinion
PCBs
PCE
Peak
PS
QRS
RMS
ROV
rte
RU
SAS
SD
SEL
Service
snowy plover
SPL
spotted owl
SUS
SWAG
T&C
TORP
TS
TTS
UUV
VHF
WDFW
WDNR

Not applicable (Navy did not provide distances
Naval Air Station
Naval Base
U.S. Department of the Navy
Non-Explosive Practice Munitions
nautical mile
nautical mile squared
National Marine Fisheries Service
Nesting, Roosting and Foraging
Northwest Forest Plan
Northwest Forest Plan’s Effectiveness Monitoring
Northwest Training and Testing
Olympic Coast National Marine Sanctuary
Olympic National Forest
Olympic National Par
Operating area
Biological Opinion
polychlorinated biphenyls
Primary Constituent Element
Peak pressure
Primary Sampling Unit
Quinault Range Site
root mean square
Remotely Operated Vehicle
Range to Effects
Recovery Unit
Synthetic Aperture Sonar
Swimmer detection (sonar)
Sound Exposure Level
U.S. Fish and Wildlife Service
Western snowy plover
sound pressure levels
northern spotted owl
Sound Underwater Signal
Shock Wave Action Generator
Terms and Conditions
Torpedo
Threshold shift
Temporary Threshold Shift
Unmanned Underwater Vehicle
Very high-frequency
Washington Department of Fish and Wildlife
Washington State Department of Natural Resources

xiv

1

INTRODUCTION

This document represents the U. S. Fish and Wildlife Service’s (Service) Biological Opinion
(Opinion) based on our review of the proposed U.S. Department of the Navy’s (Navy) Northwest
Training and Testing (NWTT) activities located in the offshore areas of northern California,
Oregon, and Washington, the inland waters of Puget Sound, portions of the Olympic Peninsula,
as well as part of Western Behm Canal in southeast Alaska. The Opinion also includes the
analysis for the U.S. Forest Service’s (Forest Service) Special Use Permit for the Navy’s Pacific
Northwest Electronic Warfare Range activities within the Olympic National Forest (ONF). We
evaluated the effects of the proposed action on the bull trout (Salvelinus confluentus), designated
bull trout critical habitat, the marbled murrelet (Brachyramphus marmoratus), the northern
spotted owl (spotted owl) (Strix occidentalis caurina) and the short-tailed albatross (Phoebastria
albatrus) in accordance with section 7 of the Endangered Species Act of 1973, as amended (16
U.S.C. 1531 et seq.) (ESA).
On January 20, 2015, the Service received the Navy’s request for formal consultation on effects
to the bull trout and the marbled murrelet and for informal consultation on effects to the spotted
owl and the short-tailed albatross. The Service initiated consultation on June 4, 2015. On
October 30, 2015, the Service informed the Navy, via email, that we did not concur with your
“may affect, not likely to adversely affect” determination for the spotted owl and the short-tailed
albatross. The Navy then requested formal consultation on the spotted owl and the short-tailed
albatross on November 3, 2015. In our final analysis of the effects to the northern spotted owl,
we concurred with the Navy’s original “not likely to adversely affect” determination for this
species.
This Opinion is based on information from: the January 2015 Biological Evaluation (BE), the
January 2014 Draft Environmental Impact Statement (DEIS), the December 2014 Supplement to
the DEIS, the October 2015, Final Environmental Impact Statement (FEIS), the September 2014
Final Environmental Assessment for the Pacific Northwest Electronic Warfare Range, numerous
meetings, telephone conversations and emails, as well as from other sources of information as
detailed below. A complete record of this consultation is on file at the Service’s Washington
Fish and Wildlife Office in Lacey, Washington.
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CONSULTATION HISTORY

In 2010, the Service issued Opinions on the Keyport Range Complex Extension and the U.S.
Pacific Fleet Northwest Training Range Complex. Both of these Opinions covered the Navy’s
training and testing activities for a period of 5 years. The current proposed action consolidates
these training and testing activities into a single federal action, and includes additional activities,
projected changes in activities, and additional geographic areas.
•

On January 20, 2015, the Service received the Navy’s request for consultation and a BE
for the Northwest Training and Testing Activities.
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•

From January 2015 through February 2016, the Navy and the Service coordinated
extensively through meetings, conference calls, and emails, to compile the information
necessary to complete the consultation.

•

February 17, 2015: The Service requested that the Navy include the Electronic Warfare
Range activities in the NWTT consultation, define “foreseeable future”, and provide an
analysis of the impacts to designated bull trout critical habitat.

•

April 1, 2015: At the Service’s recommendation, the Navy requested including the
Electronic Warfare Range signal emitter activities occurring in the Olympic Military
Operations Area (MOA) in the current NWTT consultation and that the term of the action
was the “foreseeable future.” The Navy also provided an analysis of effects to designated
bull trout critical habitat.

•

May through September, 2015: The Navy, National Marine Fisheries Service (NMFS),
and the Service coordinated on the subject of the Service’s acoustic thresholds for fish
and birds.

•

June 4, 2015: The Service initiated formal consultation.

•

June 16, 2015: The Navy provided a presentation on acoustics and their analysis on
effects to marine mammals, birds, and fish to Service staff.

•

July 22, 2015: The Navy provided the Service and NMFS its proposed acoustic criteria
for affects to fishes.

•

July 30, 2015: The Navy, NMFS, and the Service met to discuss the Navy’s proposed
acoustic criteria for fishes.

•

September 25, 2015: The Service sent a letter to the Navy extending the duration of the
incidental take exemption for ongoing activities addressed in the Northwest Training
Range Complex Opinion through November 30, 2015, or until the current consultation
has been completed.

•

September 30, 2015: The Navy submitted their final proposal for acoustic criteria and
range to effects for fishes and birds.

•

October 21, 2015: The Navy provided the methodology they used to estimate the range
to effects for sonar and explosives to the Service.

•

November 12, 2015: The Service sent the Navy a draft of the Project Description from
the draft Opinion, and the Navy returned comments on November 24, 2015.

•

December 4, 2015: The Service sent the Navy a portion of the draft Opinion and the
Navy returned comments on December 14, 2015.
2
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•

December 16 and 17, 2015: The Navy and Service met to discuss the Service’s modeling
analysis and the information needed to complete the analysis of explosives and sonar.

•

January 6, 2016: The Navy, in response to comments from the Service, submitted
revised range to effects tables for fishes and birds.

•

January 19, 2016: The Navy sent the Service a “Memo to Record” regarding high
frequency sonar and marbled murrelet hearing.

•

February 23, 2015: The Service sent a letter to the Navy extending the duration of the
incidental take exemption for ongoing activities addressed in the Northwest Training
Range Complex Opinion through March 31, 2016.

•

March 1, 2016: The Service sent the Navy a draft of the Project Description from the
Opinion and the description of the Action Area. The Navy returned comments on March
4, 2016.

•

March 28, 2016: The Service sent the Navy a final draft of the Opinion, and the Navy
returned comments on April 1, 2016

•

April 13, 2016: The Service sent a final draft of the Opinion to the U.S. Forest Service,
Olympic National Forest. The Forest Service replied that they had no comments or
concerns on April 15, 2016.

•

April 20, 2016: The Navy and the Service met to discuss draft Terms and Conditions,
exposure and effects analysis for underwater and in-air sound, and underwater detonation
conservation measures.

•

April 21, 2016: The Navy provided the Service with a list of conservation measures that
they could implement to protect marine birds during underwater detonations at the
Bangor and Crescent Harbor EOD Range Sites.

•

April 27, 2016: The Navy provided ranges to effect for non-explosive practice munitions
and bow shock projectile noise.

CONCURRENCES

The concurrences below are based on the proposed action as described in the following Opinion.
3.1 Western Snowy Plover
The Pacific coast population of the western snowy plover (Charadrius nivosus nivosus) (snowy
plover) was federally listed as threatened across the range of the species in California, Oregon
and Washington in 1993 (USFWS 1993). The species breeds primarily on coastal beaches from
southern Washington to southern Baja California, Mexico. Snowy plovers nest above the high
3

tide line on coastal beaches, sand spits, dune-backed beaches, sparsely-vegetated sandy areas
such as dredge deposit sites, beaches at creek and river mouths, and salt pans at lagoons and
estuaries (USFWS 2007, p.7). Suitable nesting habitat is distributed throughout the listed range,
but may be widely separated by areas of rocky shorelines or narrow coastal areas that are not
used by snowy plovers for breeding. In Washington, which is the northern extent of the range of
the species, snowy plovers nest on coastal beaches between Damon Point (in Grays Harbor) and
the Long Beach Peninsula. The nesting areas are designated critical habitat. Between 2006 and
2009, the population declined significantly, but has remained fairly stable since 2012. In 2014,
the mean breeding adult population in Washington was 41 (Pearson et al. 2015, p. 1). All of the
current nesting occurs at Leadbetter Point and Midway Beach/Graveyard Spit, approximately 30
miles south of the Naval Facility at Pacific Beach.
There are a few anecdotal reports and sightings of individual snowy plovers (Cornell Lab of
Ornithology, 2015) at coastal sites north of their current nesting areas during the non-breeding
season and it is possible that they may occasionally be present at Pacific Beach. Based on the
information provided in the FEIS, proposed Navy activities at this location include the launching
and retrieval of slow-moving unmanned crawler vehicles and testing activities offshore in the
surf-zone. The activities conducted at Pacific Beach are infrequent and have stressors that are
similar to ongoing recreational activities along this portion of the coast. Most of the beaches
along the Washington coast, including Pacific Beach, are open to motorized vehicles and
pedestrians. Since this is not a snowy plover breeding or wintering site, any individuals that may
be present are not expected to be actively nesting and are more likely to be dispersing young
birds. While recently fledged and first-year young snowy plovers often disperse and explore
other areas during the non-breeding season, adult snowy plovers generally stay close to the
nesting sites and spend the winter in groups near the breeding sites. Since Pacific Beach is 30
miles north of the closest nesting and wintering area and there are very few records of
individuals outside of the known breeding areas, it is extremely unlikely that nesting snowy
plovers would be adversely affected by project-related activities. None of the stressors
associated with the proposed action overlap with habitats used by snowy plovers in Oregon or
California.
The Naval testing location at Pacific Beach is a one-mile portion along a 26-mile long stretch of
contiguous sandy beach. The facility is in the community of Pacific Beach, which includes
residences, stores, hotels and amenities such as coastal camping and recreational facilities and a
nearby state park. Launching and retrieval of unmanned crawler vehicles would be conducted in
a narrow path, is relatively short in duration (minutes or hours), and infrequent/intermittent (not
conducted daily or all day long). Permitted public access and recreational activities occur yearround on this beach and include operation of motor vehicles, pedestrians, as well as seasonal
festivals and special events. Any shorebirds that forage or use this beach are likely accustomed
or habituated to human activities and vehicles being driven on the beach on a daily basis. The
intermittent launching and retrieval of unmanned vehicles would be very similar to regular daily
recreational activities conducted on this stretch of beach. Any individuals that may be
temporarily displaced or flushed by people or slow-moving vehicles do not have to move far up
or down the beach to avoid the launch zone and can continue foraging a short distance away.
Because the stressors associated with infrequent testing-related activities are similar to
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background recreational activities that occur on that beach, and there is ample foraging habitat
nearby, we do not expect non-breeding foraging or resting individuals to be measurably affected
or experience a significant disruption of their normal behaviors.
3.1.1

Concurrence

Considering the project location and the project effects, we concur that the proposed action is not
likely to adversely affect the western snowy plover.
3.2 Streaked Horned Lark
The streaked horned lark (Eremophila alpestris strigata)is a passerine endemic to the Pacific
Northwest, and is a subspecies of the wide-ranging horned lark. Historically, the breeding range
of this species extended from southern British Columbia, Canada, south through the Puget
lowlands and outer coast of Washington, along the lower Columbia River, through the
Willamette Valley, the Oregon coast and into southwest Oregon. The streaked horned lark was
listed as a threatened species on October 3, 2013 (78 FR 61452). The current range of the
species includes the Puget lowlands in Washington, the southern Washington coast, islands on
the lower Columbia River, and the Willamette Valley. Although there is a historic record of
potential nesting near Pacific Beach on the Washington coast, the species currently nests in the
same areas as snowy plovers from Grays Harbor south to the Long Beach Peninsula (WDFW
2013, p. 69).
In 1999 to 2000, extensive surveys were conducted across the historic range of the species and
potentially suitable habitat in Washington, but did not include coastal beaches north of Copalis
Spit (Stinson 2005, p. 62). There are no records or reports of horned larks near Pacific Beach or
the Quinault Range Site Area. All of the currently occupied sites are surveyed annually during
the breeding season to monitor population status and trends. Because the breeding range of the
streaked horned lark is fairly well defined and continues to contract as populations decline, the
number of pairs nesting on the coastal beaches is very small, and there are no records or reports
of the species at any sites where activities will be conducted, it is extremely unlikely that
streaked horned larks will be exposed to or adversely affected by the proposed training activities.
Therefore, effects to streaked horned larks are considered discountable.
3.2.1

Concurrence

Considering the project location and the project effects, we concur that the proposed action is not
likely to adversely affect the streaked horned lark.
3.3 Northern Spotted Owl
Based on our review of the Navy’s proposed training activities, the northern spotted owl (spotted
owl) may be exposed to the following stressors:
•

The presence of low-flying aircraft causing above ambient noise levels and the potential
for direct collisions with aircraft.
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•

Above ambient, ground-based noise levels and/or visual disturbance caused by mobile
emitters for electronic warfare training.

•

Electromagnetic radiation (EMR) caused by mobile emitters for electronic warfare
training.

3.3.1

Potential Disturbance to Nesting Spotted Owls from Aircraft Overflights

Jet aircraft flights over the Olympic MOAs will cause increased levels of aircraft sound
throughout the year, inclusive of the spotted owl nesting season. The sound level emitted by jet
aircraft can be extremely loud at close distances. Because jet aircraft fly at high rates of speed (≥
250 km/hr), the onset of exposure to loud noise from a jet overflight can be rapid –i.e., in some
situations a jet can be flying so fast that a person or animal on the ground will not hear the jet
approaching until the jet is passing directly overhead. The rapid onset of the sound can be
startling, and the combined auditory and visual stimuli of a low altitude jet overflight have the
potential to disturb or disrupt spotted owl nesting behaviors. Navy jets flying over land areas
within the Olympic MOAs will potentially expose spotted owls on the Olympic Peninsula to
various levels of aircraft noise, ranging from low-intensity, ambient-level sounds from distant
overflights to high amplitude sounds associated with low altitude flights.
3.3.1.1 Best Available Information Regarding the Effects of Aircraft Overflights to Spotted Owls
3.3.1.1.1

Background

No published studies have evaluated the effects of aircraft overflights on the spotted owl.
However, a number of aircraft disturbance studies (cited below) have examined both sound
exposure levels and stimulus distance in an effort to determine the relationship between exposure
to sound, stimulus distance, and behavioral responses in the Mexican spotted owl (Strix
occidentalis lucida). The Mexican spotted owl is a closely-related subspecies to the northern
spotted owl with broadly similar habitat associations. For purposes of this analysis, the research
on the effects of aircraft overflights on the Mexican spotted owl is considered the best available
source of information for evaluating such effects to the spotted owl.
In the following discussion, reference is made to sound levels measured in decibels (dB) in the
“A” weighted scale (dBA), which is a commonly-used metric representing sound energy that is
filtered based on human hearing range and sensitivity. Sound exposure level (SEL), which is the
total sound energy over a specific time interval (e.g., 1 sec), is a metric that is often used to
characterize brief sound events (Pater et al. 2009, p. 790). Equivalent sound level (LEQ), the
average sound pressure level in dB measured over a specific time, is another common metric
used to measure continuous sounds, such as traffic noise (Pater et al. 2009, p. 790).
3.3.1.1.2

Military Helicopter Overflights

Delaney et al. (1999) evaluated the behavioral responses of both nesting and non-nesting
Mexican spotted owls exposed to military helicopter overflights on the Lincoln National Forest
in south central New Mexico over a period of two nesting seasons. Helicopter overflights during

6

the nesting season elicited alert responses (i.e., head turning towards the noise source) when
helicopters were an average of 0.25 mile (400 m) away, but owls did not flush from their roosts
until the aircraft passed within a distance of less than 344 ft (105 m) and aircraft sound exceeded
92 dBA SEL (Delaney et al. 1999, p. 68). In total, there were 58 overflight samples. Of these,
flush responses by owls were documented for 7 overflights (12 percent). Owl flush frequency
increased with decreasing distance, with 50 percent of overflights within a distances of less than
100 ft (30 m) resulting in a flush response by a spotted owl (Delaney et al. 1999, p. 67).
Regression analysis indicated that spotted owl prey delivery rates were potentially reduced at a
threshold distance of 96 m, which is consistent with the 105-m threshold for flush response cited
above (Delaney et al. 1999, p. 70). At comparable distances, helicopter overflights were less
disturbing to spotted owls than ground-based chainsaw activities (Delaney et al. 1999, p. 68).
The authors suggest that “spotted owls may have perceived helicopters [overflights] as less
threatening than chainsaws because of their shorter duration, gradual crescendo in noise levels,
minimal visibility, and lack of association with human activity” (Delaney et al. 1999, p. 72). All
spotted owl flushes recorded during the nesting season occurred after fledging of nestlings; no
flushes occurred during the incubation and nestling phases (Delaney et al. 1999, p. 67).
Spotted owls that were previously exposed to helicopter overflights did not flush during
subsequent exposures, suggesting some spotted owls have the ability to tolerate or habituate to
helicopter noise (Delaney et al. 1999, p. 69). Distance was a better predictor of spotted owl
response to helicopter flights than noise levels, because even when controlled for distance, noise
levels from helicopters were variable (Delaney et al. 1999, p.72). The authors note that short
duration, single pass, single aircraft overflights had little effect on spotted owls, and concluded
that a 105-m (344-ft) radius protection zone should eliminate all spotted owl flush responses to
helicopter overflights (Delaney et al. 1999, p. 74). Although the samples sizes in this study were
small, there was no difference in the reproductive success or the number of young fledged for
spotted owls exposed to experimental disturbance when compared with non-manipulated spotted
owls (Delaney et al. 1999 p. 66).
3.3.1.1.3

Military Jet Aircraft Overflights

Johnson and Reynolds (2002) investigated the effects of military fixed-wing aircraft (F-16 jets)
overflights on the behavior of Mexican spotted owls in Colorado. This study provides some
insight into the behavioral responses of roosting spotted owls exposed to aircraft overflights that
passed at > 1,500 ft (> 460 m) above ground level. Behaviors of spotted owls during 25-second
fly-by periods ranged from “no response” (no body movements) to “intermediate response”
(sudden movement of head, wing, or body). The sound levels that spotted owls were exposed to
during this study were reported as ranging from 78 to 95 dBA (Johnson and Reynolds 2002, p.
2), but the authors did not specify if these measurements represented peak or average sound
levels over the 25-second intervals. No spotted owls flushed from their day roosts in response to
the aircraft overflights.
The U.S. Air Force (2012) evaluated the effects of military jet aircraft noise on the occupancy
and nesting success of Mexican spotted owls on the Gila National Forest in New Mexico. This
was a 6-year study commissioned by the Air Force to determine whether exposure to noise
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produced by military jet aircraft (F-16 and Tornado jets) affects spotted owl territory occupancy
or reproductive success and to establish thresholds below which no detrimental impact to spotted
owls is expected. Behavioral responses by spotted owls to military jet aircraft overflights were
used to identify whether aircraft could stimulate flight by affected owls, particularly from the
nest. Overflights were used as experimental treatments, with spotted owl behavior observed
before, during, and after the overflights. Aircraft sound levels were reported using several
metrics including the A-weighted sound exposure level (ASEL) and maximum average sound
levels (LEQ) measured over two-second intervals (U.S. Air Force 2012, Appendix F, p. 2-20).
The study also included a series of ground-based playback experiments where the researchers
exposed spotted owls to simulated aircraft noise to quantify the relative influence of sound
exposure levels as opposed to source distance on spotted owl behavior (U.S. Air Force 2012,
Appendix F, p. 2-57). This is an unpublished study representing research that has not been
reported in peer-reviewed publications. However, this study presents substantial new
information that we have not considered in previous analyses of spotted owl response to aircraft
overflights.
A total of 282 military jet aircraft overflight experiments were conducted during the course of
the study. Aircraft during these experiments were estimated to approach as closely as 253 ft (77
m), including 33 jet aircraft overflights that passed within a distance of ≤ 500 ft (152 m) and
exposed spotted owls to maximum sound levels up to 109 dBA (maximum 2-s LEQ) (U.S. Air
Force 2012, Appendix F, p. 3-73). The average of the highest 2-s LEQ in each overflight was 81
dBA to 96 dBA (average ASEL 92 dBA to 108 dBA) (U.S. Air Force 2012, Appendix F, p. 3-2).
Data on behavioral responses were collected on 340 adult and 164 owlet (i.e., a nestling or
juvenile) spotted owls. Forty-eight playback experiments were completed with 127 observations
of spotted owl responses at ranges from 66 ft (20 m) to 262 ft (80 m). Of these, 72 involved
adult spotted owls and 55 involved owlets (U.S. Air Force 2012, Appendix F, p. 3-82).
Eight types of spotted owl behaviors were recorded as immediate responses to acoustic
disturbances (both aircraft overflights and playback experiments); 1) orienting, 2) alerting, 3)
vocalizing, 4) moving, 5) hopping, 6) freezing, 7) flying, and 8) flushing (U.S. Air Force 2012,
Appendix F, p. 3-69). Spotted owls frequently did not react visibly (no response) to acoustic
stimuli, particularly when they were inactive before the onset of the disturbance event. The least
intense detectable response was orienting, in which the owl rotated its head after a disturbance,
usually in the direction of the sound. If acoustic disturbances were unfamiliar, unexpected, or
especially intense, the owl alerted, a behavior with attributes of ‘startle’ responses described in
other studies. In those cases, the owl’s head was sharply rotated in the direction of the sound
source. No response, orienting, and alerting were the most common responses by spotted owls to
acoustic disturbances, accounting for 96 percent of adult responses and 92 percent of owlet
responses (U.S. Air Force 2012, Appendix F, p. 5-3).
During the most intense acoustic disturbances, spotted owls sometimes vocalized, particularly
while guarding owlets. In these cases, the owls waited until the noise had declined close to
background levels before initiating vocalizations. Observers interpreted this behavior as an
effort to contact other members of a family group after the disturbance. Males used a four-note
hoot and brief single hoots, while females and owlets typically used contact calls and whistles.
In some cases, the noise levels induced by the experiment appeared to arouse owlets, after which
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they began to beg persistently for food (U.S. Air Force 2012, Appendix F, p. 3-70). The
possibility that spotted owl vocalizations made in response to acoustic disturbance could expose
owlets to predation was considered in detail. There was no evidence that Mexican spotted owl
predators were attracted to calling adults or young, although spotted owls were occasionally
mobbed by smaller predators (sharp-shinned hawks) and other birds after vocalizing (U.S. Air
Force 2012, Appendix F, p. 5-3). Spotted owls vocalized frequently in the absence of aircraft
disturbance, particularly at night and early in the morning when adults maintained their
territories and young begged for food. Observers noted an increase in feeding by adult spotted
owls after overflights. When owlets were aroused by aircraft noise, they begged more, which
stimulated adults to feed them (U.S. Air Force 2012, Appendix F, p. 4-21).
Other spotted owl responses documented in the U.S. Air Force study included owls moving or
hopping out of the nest onto a branch, hopping from one branch to another, moving closer to a
partner on a branch, or moving closer to the bole of the roost tree. In each case, the behavior
appeared to be defensive, either to bring parents and young closer together or to place an adult in
a better defensive position. Hopping from the nest was only observed in adult females while
incubating and brooding; owlets on nests crouched or froze when disturbed by noise (U.S. Air
Force 2012, Appendix F, p. 3-70). Hopping from a nest was only observed during ground-based
playback experiments at close range; it was never observed during aircraft overflights (U.S. Air
Force 2012, Appendix F, p. 3-83). Nestling owlets were never observed to move in response to
aircraft overflights, while fledged owlets were observed moving in response to aircraft on 3
occasions representing 2 percent of the recorded responses (U.S. Air Force 2012, Appendix F, p.
8-34). Movements were observed in both adults and owlets when the maximum 2-s LEQ sound
level ranged from 78 to 101 dBA (2-s SEL: 85 – 101 dBA), and aircraft overflights were less
than 984 ft (300 m) above ground level. Slant distance (the actual distance from the aircraft to
the owl) varied from 764 ft to 6,055 ft (233 m to 1,847 m) (U.S. Air Force 2012, Appendix F, pp.
F-3 to F-21).
Freezing was observed in all age-sex classes of the Mexican spotted owl, but rarely. In those
cases, the owl typically alerted quickly before freezing, but the rest of the body might remain in
an unusual position, such as with a foot raised in the process of preening. It occurred in the same
context as moving and vocalizations, i.e., when acoustic disturbances were unusually close or
intense (U.S. Air Force 2012, Appendix F, p. 3-70).
Flight by nesting spotted owls in response to an aircraft overflight was never observed (n = 213
experiments) (U.S. Air Force 2012, Appendix F, p. 8-34). The single flight response
documented was a for a non-nesting female spotted owl that alerted to the aircraft, waited until it
passed, and after just under 2 minutes, flew approximately 75 ft to roost next to its mate. This
flight was observed during a period when adult owls were likely to fly from tree to tree within
the roost stand under normal conditions. The observers scored the behavior as a flight in
response to the aircraft, but the authors recognize it was possible that it was spontaneous or
facilitated both by the owls’ active state and the presence of moving observers (U.S. Air Force
2012, Appendix F, p. 3-74). Fledged owlets never flew from roost or nest trees in response to
aircraft overflights (U.S. Air Force 2012, Appendix F, p. 3-75).
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Flushing was defined as an event in which the spotted owl left the nest or branch in an abrupt
and uncontrolled manner (U.S. Air Force 2012, Appendix F, p. 3-70). Flushing by spotted owls
was never observed in response to aircraft overflights, but was observed during ground-based
playback experiments at very close range (e.g., within a distance of 132 ft (40 m) (U.S. Air Force
2012, Appendix F, p. 4-17). The only spotted owl flushing responses observed during the study
were to unexpected playback of simulated aircraft noise at 26 to 33 ft (8-10 m; n=2) and to tree
climbers within 50 ft (15 m) at the level of the nest (U.S. Air Force 2012, Appendix F, p. 4-17).
In the former case, the estimated sound levels at the nest were a maximum 2-s LEQ of 65 dBA in
one instance, and a maximum 2-s LEQ of 53 dBA in another instance (U.S. Air Force 2012,
Appendix F, p. 3-81).
Female spotted owls that were incubating or brooding young were never observed flushing in
response to low-flying aircraft, including military jets and low-flying helicopters (U.S. Air Force
2012, Appendix F, p. 5-2). Owlets in nests never hopped in response to overflights, even when
they were close to the age of fledging. Instead, they remained in the nest, occasionally freezing
(4 percent of responses) (U.S. Air Force 2012, Appendix F, p. 3-83). While some individual
spotted owls exhibited short-term behavioral responses to overflights, there was no evidence to
indicate that military aircraft noise affected spotted owl habitat use, habitat selection, nest site
selection, or nesting success (U.S. Air Force 2012, Appendix F, p. 3-83).
At close range, distance to the noise source and the sound exposure level were significant
predictors of a spotted owl response, but distance was the most important factor based on the
result of the ground-based playback experiments. The probability of a startle response
(vocalizations or movements) by spotted owls was highest within a distance of 260 ft (80 m) for
both adults and young. This range was so close that aircraft could not be expected to approach it
except under unusual conditions. Flushing, flights, and female hopping from the nest were
nearly always seen at 132 ft (40 m) or closer for ground-based experiments. None of these
behaviors were caused by aircraft overflights (U.S. Air Force 2012, Appendix F, p. 3-99). At
greater distances, maximum noise level was the most important determinant of response
intensity, but in owlets only. In adults, no significant relationship between sound level and
spotted owl behavior was found. Owlets responded with vocalizations or slight movements
when exposed to a maximum 2-second equivalent average sound level in excess of 84 dBA and
an aircraft approach within 984 ft (300 m) (U.S. Air Force 2012, Appendix F, p. 3-99).
However, none of the responses of owlets (slight movements, vocalizations) resulted in injury to
the owlets.
The behavioral responses of Mexican spotted owls to aircraft overflights were primarily of low
intensity (no response, orienting, alerting); such responses accounted for 96 percent of adult and
92 percent of owlet responses. Higher intensity responses, such as moving or vocalizing, were
rare, and increased with increasing sound level and decreasing approach distance. The increase
in intensity of defensive behaviors occurred when ground-based sources came within 260 ft (80
m). Both adults and owlets vocalized increasingly as source distance decreased, particularly at
132 ft (40 m) and closer. The probability of strong defensive behaviors (movements, flights,
vocalizations and freezing) was high at 66 ft (20 m). However, owls appeared to cope well with
such disturbances, as neither aircraft nor ground-level human disturbance could be associated
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with losses of adults or owlets, prolonged absences of adults from the nest, or spotted owl
abandonment of favored habitat, including the choice of nesting sites from one year to the next
(U.S. Air Force 2012, Appendix F, p. 5-3).
The authors of this study concluded that military aircraft do not affect spotted owl use of habitat
or nesting success; there is no change in the rate of spotted owl flight behaviors observed during
aircraft overflights versus non-overflight periods; and spotted owl flight responses were only
elicited after exposure to ground-based noise (simulating aircraft overflight) within 66 ft (20 m)
of roosting adults and 131 ft (40 m) of brooding females and owlets (U.S. Air Force 2012,
Appendix F, p. 5-1). Based on these findings, the authors recommended a threshold distance of
260 ft (80 m) for spotted owl response to aircraft overflights because owl flight response became
increasingly likely at this distance (p. 5-4).
3.3.1.2 Evaluation Criteria for Assessing the Effects of Aircraft Overflights on Spotted Owls
In previous analyses of potential disturbance effects to spotted owls (USFWS 2003, pp. 265-285;
USFWS 2006, entire; USFWS 2013, pp. 74-89), we concluded that exposure to above-ambient
sounds or human activity can disrupt spotted owl nesting behaviors in some situations. In these
analyses, we relied on the sound and distance thresholds suggested by Delaney et al. (1999, p.
74) as evaluation criteria for assessing aircraft disturbance:
Spotted owls did not flush when helicopter SEL noise levels were less 92 dBA, or when
helicopter overflights were greater than 344 ft (105 m) from owls.
In these analyses, we assumed that spotted owls exposed to aircraft sound levels that exceeded
92 dBA SEL or exposed to aircraft that approached within a distance of less than 344 ft (105 m)
could be subject to disruption of their nesting behaviors. We identified specific spotted owl
behavioral responses as indicators of the severity of the disturbance on the spotted owl.
Behavioral responses indicating a significant disruption of normal nesting behaviors include:
•

A flush response (flight) of an adult spotted owl during incubation of eggs or brooding of
newly hatched chicks.

•

A flush response of a nestling spotted owl prior to fledging.

•

A flush response of an adult spotted owl that results in aborted feedings of nestlings.

•

Avoidance or delay of nest establishment by adult spotted owls.

These behavioral responses are considered significant because they create a likelihood of injury
to exposed individuals due to the potential for reduced hatching success, fitness, or survival of
nestlings (e.g., injury from a nestling falling out of nest, or predation of nestlings).
In the studies reviewed above, no aircraft overflights resulted in these severe behavioral
responses. Nesting spotted owls did not flush during incubation or brooding in response to
military jet aircraft overflights. Nestlings did not flush or move out of nest trees prior to
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fledging. The only flush and or flight responses that were observed from aircraft occurred after
nestlings had fledged, and these responses occurred as a result of helicopter overflights at close
range (less than 344 ft [105 m]).
Given the range of responses observed in individual spotted owls to aircraft discussed above, low
altitude jet flights pose a risk of minor disturbance to spotted owls by eliciting sub-flight
defensive behaviors (i.e., vocalizing, moving). However, best available information indicates
there is no consistent relationship between aircraft sound levels or aircraft distance and spotted
owl response behaviors. Based on the information presented above, we expect spotted owl
behaviors are likely to be affected by military jet aircraft overflights when:
•

Jet aircraft fly at altitudes of less than 1000 ft (~300 m) above ground level.

This is not a threshold distance below which we assume spotted owls are likely to be adversely
affected by aircraft overflights. It represents a threshold distance where intermediate behavioral
responses by spotted owls are more likely to occur. In the U.S. Air Force study, while few
spotted owls exhibited responses beyond alerting to aircraft regardless of sound level or distance
to aircraft, most movements (non-flight) and vocalizations were observed in both adults and
owlets when jet aircraft overflights were less than 984 ft (300 m) above ground level (U.S. Air
Force 2012, p. 3-99, pp. F-3 to F-21). With the exception of one observation, all spotted owl
movement responses occurred when aircraft sound levels exceeded 90 dBA (max 2-s LEQ) (U.S.
Air Force 2012, pp. F-3 to F-21). Sound levels measured for jet flights (F-16s and Tornado jets)
within distances of less than 984 ft (300 m) from the aircraft ranged from 86.1 to 102 dBA (max
2-s LEQ; 90.2 – 108.5 SEL).
While precise sound metrics are useful, caution must be used in interpreting sound-only metrics
because, as discussed above, there is no consistent relationship between sound level exposure
and spotted owl response to that exposure. Distance appears to be a better predictor for spotted
owl response to aircraft overflights. While none of the spotted owls in the experimental studies
of aircraft exhibited any of the severe behavioral responses that the Service uses as indicators of
significant disturbance, we are cautious in our interpretation of these data. For analysis
purposes, we will assume that military jet aircraft overflights that occur at less than 1,000 ft
(~300 m) above ground level are likely to elicit sub-flight defensive behaviors (vocalizing,
moving) by some individual spotted owls, regardless of the sound level.
Jet aircraft flights that occur at less than 500 ft (~150 m) above ground level are expected to have
a higher likelihood for causing spotted owl sub-flight behaviors, with a potential for disrupting
their nesting behaviors if the flights occur during early nesting periods for the spotted owl. Early
nesting season behavior includes nest-site selection, egg-laying, incubation, and brooding of
nestlings to the point of fledging (Forsman et al. 1984, pp. 32-38). In Washington, we define the
critical nesting period, inclusive of the early nesting period, for the spotted owl as March 1 to
July 15.
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3.3.1.3 Exposure of Spotted Owl Nesting/Roosting/Foraging Habitat to Aircraft Noise in the
Olympic MOAs
Under the proposed action, Navy aircraft operating over land within the Olympic MOAs will fly
at an altitude of 6,000 ft above mean sea level or higher. Spotted owl nesting, roosting, and
foraging (NRF) habitat in the action area ranges in elevation from 0 to 4,000 ft. Therefore, the
closest approach of an aircraft over spotted owl NRF habitat would be 2,000 ft above ground
level. The exposure to high-level sound from a jet overflight is a brief event at any single
location. Johnson and Reynolds (2002, p. 2) described military jet fly-by events as having a
duration of 25 seconds (i.e., at a fixed point on the ground, the exposure to high-level aircraft
sound lasted about 25 seconds).
Because the sound level of the jets used in the proposed training activities have a 92 dBA SEL
sound contour with a radius of 2,000 to 6,000 ft (depending on the power level), the area exposed
to high-level noise by even a minute of low elevation flight can encompass thousands of acres.
As described in the following Biological Opinion (under the discussion of Aircraft Noise), we
have determined that all available spotted owl NRF habitat, and therefore, all spotted owls
nesting within the Olympic MOAs are likely to be intermittently exposed to high-level aircraft
noise, multiple times each year.
Although spotted owl NRF habitat includes forests up to approximately 4,000 ft above sea level
on the Olympic Peninsula, spotted owl nest sites on the western Olympic Peninsula have only
been documented up to 2,400 ft elevation, while non-nesting pairs have been detected up to
2,800 ft elevation (Gremel, pers. comm. 2015). If Navy aircraft adhere to the proposed flight
altitudes of 6,000 ft above mean sea level, the closest approach of an aircraft to a potential
spotted owl pair would be 3,200 ft. At this distance, spotted owls are likely to be intermittently
exposed to high-amplitude aircraft noise (e.g., in excess of 90 dBA SEL).
3.3.1.4 Effects of Proposed Military Aircraft Overflights on Spotted Owls in the Olympic MOAs
At the altitudes that Navy jets are proposed to fly within the Olympic MOAs as referenced
above, we expect exposure of spotted owls to aircraft noise is likely to result in only minor
behavioral responses such as head-turning, orienting or alerting because these overflights will be
at altitudes of 3,000 ft or higher above locations where spotted owls are likely to nest. Some
owls may exhibit sub-flight defensive behaviors (vocalizations, movements) in response to these
overflights. As discussed above, we expect these types of responses are more likely to occur
when aircraft approach within a distance of 1,000 ft or less above ground level.
Best available information supports the conclusion that spotted owls are not likely to respond to
aircraft overflights by flying or by exhibiting other behaviors that are indicative of significant
stress unless they are approached very closely. In the U.S. Air Force (2012) study, flight
responses by spotted owls were not elevated above normal rates in response to military aircraft
overflights. Flushing or other high intensity responses (e.g., hopping from a nest) by spotted
owls were only likely to be elicited at distances much closer to spotted owls than military jet
aircraft are expected to be. Based on this finding, any exposure of spotted owls to sound from
the proposed aircraft overflights is likely to result in only minor behavioral responses that are
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considered to be insignificant (i.e., would never reach a magnitude where take of the spotted owl
is likely to occur). These results are consistent with the results of studies on other noise sources
(Delaney et al. 1999; Swarthout and Steidl 2001; Tempel and Gutiérrez 2003).
Spotted owls that do not visibly react or only exhibit minor behavioral responses to sound or
visual disturbance may produce increased levels of stress-related hormones including
glucocorticoids (GCs) and corticosterone (Hayward et al. 2011; Wasser et al. 1997). While there
is evidence that acute exposure to motorcycle noise can result in short-term increased levels of
GCs in spotted owls, the response of individuals varied by sex, breeding status, and time of year
(Hayward et al. 2011, p. 7). While there was no consistent relationship between proximity to
roads, road noise and elevated GCs in spotted owls, correlation analysis did reveal a pattern that
spotted owls nesting within a distance of 100 m (328 ft) of “loud roads” fledged fewer young
compared to spotted owls nesting further from loud roads (Hayward et al. 2011, p. 11).
While the Hayward et al. (2011) study found a correlation between proximity to “loud roads”
and reduced spotted owl nest success, an analysis of various factors that may have resulted in
this finding were not analyzed (Hayward et al. 2011, p. 11). Spotted owl reproduction is a
complex interaction between factors related to age, prey abundance, weather, individual
variation, and territory quality (Forsman et al. 2011, p. 59). All of these various factors have
been demonstrated to influence spotted owl productivity. There is relatively little that can be
concluded from this research other than the fact that spotted owls exposed to motorcycle noise
have elevated levels of GCs which reflect a potential disturbance or stress response. Whether
this response is indicative of a significant physiological effect is unknown, as the authors did not
find that spotted owls with elevated GCs had reduced nesting success, and noted (Hayward et al.
2011, p. 12) that “elevated baseline GCs can be positively, negatively, or not associated with
survival and/or reproduction.”
Although increased GCs can indicate stress, the interpretation of these studies is complicated by
the fact there are no consistent relationships between elevated GCs and survival or reproductive
success of affected individuals (Busch and Hayward 2009, p. 2844). Due to the lack of data for
any avian species showing a clear correlation between elevated corticosterone levels and effects
to breeding, feeding, or sheltering, we are unable to determine the significance of elevated GCs
to spotted owls, and continue to rely on behavioral responses as indicators of the severity of
potential disturbance effects.
In summary, the proposed aircraft overflights are likely to affect spotted owls through
intermittent exposures to aircraft noise throughout the year, including during the nesting season.
However, because Navy aircraft will maintain minimum flight altitudes well above the distances
at which any significant behavioral responses by affected spotted owls are likely to occur, the
effects to spotted owls by these aircraft overflights are considered insignificant.
3.3.2

Potential for Spotted Owl – Aircraft Collisions

Under the proposed action, Navy aircraft operating over land within the Olympic MOAs will fly
at an altitude of 6,000 ft above mean sea level or higher. Spotted owl habitat in the action area
ranges from 0 to 4,000 ft in elevation. Therefore, the closest approach of an aircraft over spotted
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owl NRF habitat would be 2,000 ft above ground level. Spotted owl are closely associated with
the forest canopy and most spotted owl flights are sub-canopy flights (Gutierrez et al. 1995, p. 9).
Because Navy overflights will be located 2,000 ft or greater above spotted owl NRF habitat, we
consider the risk of an aircraft striking a spotted owl in flight to be discountable.
3.3.3

Potential for Spotted Owl Exposure to Ground-Based Disturbance

The use of ground-based equipment (mobile emitters) in the Olympic MOAs poses the potential
for adverse effects to spotted owls caused by noise and visual disturbance. The Service
considers the use of vehicles on open forest roads to be a low-intensity activity that poses a low
risk of disturbance to spotted owls. We evaluated the proposed training sites within the Olympic
MOAs for proximity to known spotted owl activity centers, and potential NRF habitat for spotted
owls. Of the 15 proposed emitter sites identified by the Navy under the proposed action, 3 sites
are located within close proximity to potential spotted owl NRF habitat. A cumulative total of
approximately 6 acres of potential spotted owl NRF habitat are located within close proximity
(defined as a 100-meter radius) from these three emitter sites, indicating the ground-based
activities (i.e., noise from vehicles, generators, and presence of people) associated with the use of
these emitter sites “may affect” spotted owls. However, none of these proposed emitter sites are
located in close proximity to known historic spotted owl activity centers. Given that finding and
the small area of potential NRF habitat (6 acres) associated with the proposed emitter sites, the
Service considers the likelihood of nesting spotted owls being exposed to noise or visual
disturbance from mobile emitter operations to be discountable.
Under the proposed action, upon arrival at a training site, the mobile emitter crew will determine
the need for establishing a safety zone. Sites requiring a safety zone will be posted with an
electromagnetic radiation hazard sign and the crew will mark the perimeter of the hazard zone
with removable warning tape. While conducting training operations, the crew will use a small
generator to power the equipment. The generators selected to power the mobile emitters have
specifications that meet National Park Service sound level requirements (60 dBA at 50 ft) for
National Park use. The generators will be encased in steel and have mufflers on the exhaust,
both of which offer an increased level of sound attenuation to create a corresponding drop in
noise levels to approximately 42 dBA at 50 ft (Navy 2014, p. 3.2-24), indicating low-level
generator noise will be associated with the mobile emitter sites. This level of generator noise is
not expected to be disruptive to spotted owls. Low-level mechanical sounds that are detectable
to spotted owls may result in minor behavioral responses, such as scanning or head-turning
behaviors, or increased vigilance for short periods. Such minor behavioral responses are
considered to have insignificant effects to spotted owls.
Short-term disturbance or temporary displacement of non-nesting spotted owls that may be
dispersing or roosting in close proximity to a mobile emitter site may occur. If an owl is perched
in a tree along the edge of the road at an emitter site, it may flush in response to the vehicle
stopping at the site, or people stepping out of the vehicle. Such flush responses that occur away
from an active nest site are considered to be an insignificant effect because the affected spotted
owls are simply moving away from a source of disturbance, rather than being forced to flush
away from an active nest site, and are likely to resume normal behavior.
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3.3.4

Potential for Spotted Owl Exposure to Electromagnetic Radiation

There are several aspects of the proposed electronic warfare training that will limit the exposure
of wildlife to EMR. The emitter antennas will be extended 14 ft above the mobile emitter
vehicles and the directional beams produced by the emitters will be aimed to allow unobstructed
signal transmission (taking advantage of clear lines of sight to the west) so that there is little or
no potential for wildlife on the ground or in the tree canopy to be exposed to the signal (Mosher,
pers. comm. 2015). Therefore, only birds in flight over the forest canopy have the potential to
intersect beams and become exposed to EMR from the training.
Spotted owls are not likely to be exposed to EMR due to their close affinity to closed-canopy
forest cover. Although spotted owls do occasionally disperse across open areas, they usually
avoid crossing such areas by traveling through corridors of forested habitat (Forsman et al.
1984). The typical flight behavior of the spotted owls is described in the Birds of North America
(Gutierrez et al. 1995, p. 9):
“Quick wingbeats interspersed with gliding flight. Not a fast flier. Long flights
unusual except during dispersal… Flight labored when attempting to fly to a
higher perch or up to nest sites. When gaining altitude in the forest canopy,
makes a series of short climbing flights rather than continuous flight. Flights
above the forest canopy probably rare except during dispersal.”
During dispersal, spotted owls will occasionally cross open areas, and as noted above, may
occasionally fly above the level of the forest canopy. Considering spotted owl flight behavior,
above canopy flights are likely rare events. The proposed EMR sites are generally located on
forested ridgelines. Spotted owls dispersing across a ridge are much more likely to disperse
through forested areas at the subcanopy level. If a spotted owl were to fly near an active emitter
site, it would most likely pass by the site at an altitude that is at or below the level of the adjacent
forest canopy where exposure to EMR is less likely due to the directional nature of the EMR
signal. Based on the flight behavior of spotted owls, the risk of direct exposure to an EMR
signal is low, but not entirely discountable. It is possible that a non-nesting spotted owl could be
perched in a tree near an emitter site, or, a spotted owl that is flying through the area could pass
near the emitter site and be briefly exposed to an EMR signal.
3.3.4.1 Effects of Spotted Owl Exposure to EMR
Biological responses to EMR depend on many factors including the density and duration of the
exposure, the species and conditions of affected individuals, and the nature of the EM waves.
EM waves can “cause different, and even contrary effects, depending on their frequency,
intensity, modulation, pulses or time of exposure” (Balmori 2005, p. 110; Redlarski et al. 2015,
p. 2). The physical effect of acute exposure to high frequency EMR (100 kHz to 300 GHz) is
tissue heating (Health Canada 2015, p. 3). This heating effect varies with the power and
frequency of the EM energy. The mobile emitters proposed for use by the Navy will be emitting
EMR signals in the range of 4 to 8 GHz, at 90 to 300 watts. For frequencies ranging from 100
kHZ to 300 GHz, tissue heating (burns) can occur at high energy levels. For frequencies above 6
GHz, radiofrequency absorption occurs predominantly in the upper layers of the skin (Health
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Canada 2015, p. 3). These effects are not necessarily instantaneous, but can occur over a period
of minutes. The Navy has established safety zones around emitter sites to avoid exposing people
or wildlife to high energy EMR. These safety zones range in size from a 29 to 101-foot radius
around the mobile emitter (Navy 2014, p. 3.1-4). The safety zone is established by the crew
placing warning tape around the vehicle. If a spotted owl was perched in close proximity to an
emitter site, the owl would likely to move away from the site in response to the vehicle stopping
and the movements of the crew setting up the safety perimeter. Moving away from the emitter
site would further reduce the likelihood of spotted owl exposure to EMR.
The effect to birds from potential exposure to EMR from mobile emitters is described in detail in
the Biological Opinion in the section titled Effects of the Proposed Action – Energy Stressors. In
summary, the risk of spotted owl exposure to EMR from the proposed action is very low. No
spotted owl nest sites are likely to be exposed to EMR. Potential exposure could occur if a
spotted owl flew through the energy field from the emitter. Bruderer et al. (1999, pp. 10161017) aimed an ex-military tracking radar emitter (approximately 9 GHz) at birds in flight and
observed if the birds altered their behavior related to when the emitter was energized and when it
was not. The researchers found that the radar provoked no measurable changes in the behavior
of the birds in terms of flight direction or vertical speed (Bruderer et al. 1999, pp. 1018-1019).
Although the likelihood of spotted owl exposure to EMR is very low, if a spotted owl was
exposed to EMR, the exposure would be brief (duration of seconds). Best available information
indicates that the effects of brief EMR exposure to birds in flight in the range of frequencies
proposed for use by the Navy are likely to be insignificant (i.e., not measurable or detectable).
Physical effects, such as tissue heating, are also considered insignificant because an exposure of
1 or 2 seconds during flight would be too brief to manifest a measureable effect.
3.3.5

Concurrence

Considering the project location and the project effects, we concur that the proposed action is not
likely to adversely affect the spotted owl.
3.4 Designated Bull Trout Critical Habitat
The Service designated critical habitat for bull trout on October 18, 2010 (75 FR 63898). In
designating critical habitat, certain lands were exempt from final critical habitat designation.
These lands included military installations that have developed and are implementing Integrated
Natural Resource Management Plans, lands with National Security impacts, and Tribal Lands.
Navy NWTT activities that occur at the following locations may impact bull trout designated
critical habitat that overlaps or is adjacent to these training and testing locations (Commander,
Pacific Fleet and Naval Sea Systems Command 2015):
1. Pacific Beach – One mile of nearshore area of the Quinault Range Site is located in
designated bull trout critical habitat.
2. Dabob Bay Range Complex (DBRC) – The DBRC overlaps with designated bull trout
critical habitat at two locations; the deltas of Duckabush River and the Hamma Hamma
River. The western boundary of the DBRC runs parallel to designated critical habitat.
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3. Strait of Juan de Fuca – Multiple nearshore areas along the southern shores of the Strait
of Juan de Fuca.
4. Possession Sound – The areas adjacent to the boundaries of the Naval Station Everett
installation.
5. Carr Inlet – Areas outside and east of the Carr Inlet Operation Area.
6. Crescent Harbor – The areas adjacent to and across from the Crescent Harbor EOD
Range Site.
The designated bull trout critical habitat final rule identified nine Primary Constituent Elements
(PCEs) essential for the conservation of bull trout. Five of the nine PCEs are found in the marine
waters of the action area:
•

PCE 2: Migration habitats with minimal physical, biological, or water quality
impediments between spawning, rearing, overwintering, and foraging habitats including
but not limited to permanent, partial, intermittent, or seasonal barriers.

•

PCE 3: An abundant food base, including terrestrial organisms of riparian origin, aquatic
macroinvertebrates, and forage fish.

•

PCE 4: Complex river, stream, lake, reservoir, and marine shoreline aquatic
environments and processes with features such as large wood, side channels, pools,
undercut banks and substrates, to provide a variety of depths, gradients, velocities, and
structure.

•

PCE 5: Water temperatures ranging from 2 to 15 °C (36 to 59 °F), with adequate thermal
refugia available for temperatures that exceed the upper end of this range. Specific
temperatures within this range will depend on bull trout life-history stage and form,
geography, elevation, diurnal and seasonal variation, shading, such as that provided by
riparian habitat, streamflow, and local groundwater influence.

•

PCE 8: Sufficient water quality and quantity such that normal reproduction, growth, and
survival are not inhibited.

The proposed Navy activities are not expected to have measurable short- or long-term effects to
any of the bull trout PCEs. The Navy activities will have no effect on PCEs 4 and 5. The Navy
activities will not result in any temporary or permanent changes or alterations to marine shoreline
habitat or impact water temperatures. The Navy training and testing activities may affect the
following PCEs, however, these impacts will be short in duration, limited in extent, and will not
alter the function of the PCE, so effects to these PCEs are expected to be insignificant:
PCE 2: Navy activities conducted within the DBRC, Possession Sound at Naval Station Everett,
Carr Inlet, and Crescent Harbor include the use of sonar or underwater detonations that result in
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increased sound pressure levels that can temporarily act as an impediment within the migratory
corridor. However, the area in which potential behavioral responses to sonar are expected is less
than 14 meters from the source (see Effects of the Action Section below) and therefore the
migratory corridor will not be significantly impeded. At Crescent Harbor, the detonation of 2.5
pound (lb) charges will result in increased sound pressure levels that will extend into critical
habitat and could affect bull trout use of the area near the shoreline. Similarly, because
underwater detonations are of short duration and intermittent, we do not expect bull trout
movement through the area to be precluded by underwater sound levels resulting from
detonations. The proposed use of surface ships, submarine, unmanned vessels, torpedoes, sonar,
or other acoustic devices will also result in increased noise levels that could extend into
designated critical habitat. However, these increased sound levels are intermittent or are at
frequencies that are not expected to impede bull trout migration or degrade the function of
critical habitat.
PCE 3: Navy activities within or adjacent to bull trout critical habitat that could affect bull trout
prey include use of seafloor devices, use of anchors, sonar emissions, and underwater
detonations. The use of seafloor devices, except at Pacific Beach, and anchors all occur in deep
water and will result in minimal impacts to the seafloor and benthic invertebrate abundance. At
Pacific Beach, seafloor devices include remote control “crawlers” that move slowly along the
bottom and will have little to no impacts to forage fish or bull trout prey abundance. The use of
sonar at DBRC, Possession Sound at Naval Station Everett, and Carr Inlet may result in injury
(TTS) to forage fish, and underwater detonations at Crescent Harbor will kill or injure forage
fish. However, we do not expect these impacts to result in a long-term reduction in forage fish
abundance.
PCE 8: Navy activities will result in temporary impacts to water quality due to increases in
turbidity, suspended solids, and contaminants associated with the operation of combustion
engines and training and testing activities that disturb the seafloor. Turbidity and suspended
solids will increase during the operation of devices on the seafloor, but the effects will be
temporary and limited in extent. Increases in contaminants associated with the operation of
combustion engines will rapidly diffuse to background levels and will not result in a long-term
degradation of water quality.
3.4.1

Concurrence

Considering the project location and the project effects, we concur that the proposed action is not
likely to adversely affect designated critical habitat for the bull trout.
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4

5

BIOLOGICAL OPINION

DESCRIPTION OF THE PROPOSED ACTION

A federal action means all activities or programs of any kind authorized, funded, or carried out,
in whole or in part, by federal agencies in the United States or upon the high seas (50 CFR
402.02). The proposed action involves two inter-related federal actions; the Navy’s training and
testing activities in the Pacific Northwest and the issuance of the Forest Service’s Special Use
Permit for Electronic Warfare (EW) Range activities on the ONF. The following information
sources were relied upon to characterize the description of the proposed action: January 2014,
DEIS; December 2014, Supplement to the DEIS; January 2015, BE; October 2015, FEIS,
September 2014, and the Final Environmental Assessment for the Pacific Northwest Electronic
Warfare Range. Additional clarification to the proposed action was provided in numerous
emails, phone calls, and meetings as described above in the Consultation History.
5.1 Navy’s Northwest Training and Testing Activities
The Navy’s proposed action includes a variety of low intensity in-water testing activities,
including high-fidelity passive acoustic signature measurements of submarines and ships, at the
Navy’s Southeast Alaska Acoustic Measurement Facility in the western Behm Channel in
southeast Alaska. However, there are no listed species or critical habitat under the jurisdiction of
the Service which will be exposed to Navy activities conducted at this location. Therefore, the
Service will not be analyzing the effects of these activities, and they are not further addressed in
this Opinion.
The purpose of the proposed action is to conduct training and testing activities to ensure that the
Navy meets its mission, which is to maintain, train, and equip combat-ready naval forces capable
of winning wars, deterring aggression, and maintaining freedom of the seas. In its request for
consultation, the Navy characterized the term of the proposed action as the “foreseeable future.”
For purposes of this biological opinion, we are defining “reasonably foreseeable future” based on
climate-change modeling horizons that are likely to occur. It is our best professional judgment,
based on a review of that science, that an analysis period of 20 years is the maximum duration
for which we can provide a reasoned analysis. We used information provided by the
Intergovernmental Panel on Climate Change (IPCC) to establish a “reasonable foreseeable
future” timeframe (Collins et al. 2013; Kirtman et al. 2013). Over the next 20 years, most
models of climate change give relatively similar projections of the geographic pattern and
magnitude of changes in environmental conditions that will directly influence the condition of
species and critical habitat status, but after approximately 2035, model projections diverge
depending on initial assumptions about greenhouse gas emissions (Collins et al. 2013, p. 1093;
Kirtman et al. 2013, pp. 978-980, 1004-1012). For variables such as sea surface temperature,
ocean heat content, and frequency of non-tropical storms over the North Pacific, these
differences between projections become more pronounced over time into the future (Collins et al.
2013, pp. 1075, 1093). Any attempt to assess impacts beyond a 20-year horizon would be too
speculative to allow for a scientifically meaningful assessment of effects to listed species or
critical habitat caused by the proposed action.
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The location, frequency, and duration of the proposed training activities are based on:
•

Frequency of out-of-area training deployments to other Navy range complexes;

•

Overseas deployments of ships and aircraft to the western Pacific and Middle East;

•

Lifecycle maintenance and repair work that precludes completing some training within
the NWTT; and,

•

Certification and training needs for a given ship, submarine, or aircraft crew (e.g., some
units could require a certain amount of one kind of training versus another).

Given the inherent uncertainty and potential variation within the training spectrum due to
unforeseen world events, the Navy cannot predict exactly what actions it will take under the
proposed action on an annual basis. Instead, the Navy provided the suite of activities, a
maximum number of events, and the pertinent information associated with each event (e.g., the
number and size of ordnance, vehicles and aircraft used, number of hours of sonar used, etc.).
The Navy categorizes the proposed training and testing activities into functional warfare areas
called primary mission areas. Most of the proposed training and testing activities analyzed in the
NWTT FEIS fall into the following six primary mission areas:
•

Anti-Air Warfare

•

Anti-Surface Warfare

•

Anti-Submarine Warfare (ASW)

•

Electronic Warfare

•

Mine Warfare

•

Naval Special Warfare

Additionally, some miscellaneous activities are grouped under “Other Activities.”
The following four sections provide a description of each training and testing activity, where
they occur, number of events per year, and the number and type of ordnances and sonar used.
Each activity and stressor may have been further sub-divided to assist in the effects analysis and
is described in Appendix A.
5.2 Proposed Training Activities
The Navy’s proposed training activities are briefly described in Table 1. The table is organized
according to primary mission areas and includes the activity name and a short description. A full
description of each activity, as provided in the FEIS, can be found in Appendix B.
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Table 1. Representative Training Activities Occurring in the NWTT Study Area.
Activity Name

Activity Description
Anti-Air Warfare

Air Combat Maneuver

Aircrews engage in flight maneuvers designed to gain a
tactical advantage during combat.

Missile Exercise (Air-to-Air)

Aircrews defend against aircraft threats with missiles.

Gunnery Exercise (Surface-to-Air)

Surface ship crews defend against aircraft or missile
threats with guns.

Missile Exercise (Surface-to-Air)

Surface ship crews defend against aircraft or missile
threats with missiles.
Anti-Surface Warfare

Gunnery Exercise (Surface-to-Surface) – Ship

Ship crews engage surface targets with ship’s small,
medium-, and large-caliber guns.

Missile Exercise (Air-to-Surface)

Fixed-wing aircrews simulate firing precision-guided
missiles using captive air training missiles against
surface targets. Some activities include firing a missile
with a high explosive (HE) warhead.

High-Speed Anti-Radiation Missile Exercise (Nonfiring)

Fixed-wing aircrews simulate firing high-speed antiradiation missiles, using captive air training missiles
against surface targets. All missile firings are simulated;
no actual missiles are fired.

Bombing Exercise (Air-to-Surface)

Fixed-wing aircrews deliver bombs against surface
targets.
Anti-Submarine Warfare

Submarine-based Tracking Exercises (TRACKEX
– Submarine)

Submarine crews search for, detect, and track
submarines and surface ships.

Surface-ship-based Tracking Exercises
(TRACKEX – Surface)

Surface ship crews search for, detect, and track
submarines.

Helicopterbased Tracking Exercises
(TRACKEX – Helo)

Helicopter crews search for, detect, and track
submarines.

Maritime Patrol Aircraft-based Tracking Exercises
(TRACKEX – MPA)

Maritime patrol aircraft crews employ sonobuoys to
search for, detect, and track submarines.

Maritime Patrol Aircraft-based Tracking Exercises
using extended echo- ranging sonobuoys

Maritime patrol aircraft crews search for, detect, and
track submarines using a multi-static active coherent
system.

Electronic Warfare

Electronic Warfare Operations

Aircraft, surface ship, and submarine crews attempt to
deny the enemy the ability to control the electromagnetic
spectrum, which in turn degrades or denies the enemy
the ability to take offensive or defensive actions.
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Table 1. Representative Training Activities Occurring in the NWTT Study Area.
Activity Name

Activity Description
Mine Warfare

Mine Neutralization – Explosive Ordnance
Disposal (EOD)

Personnel disable threat mines. Explosive charges may
be used.

Submarine Mine Exercise

Submarine crews practice detecting non-explosive
training mine shapes in a designated area.

Maritime Homeland Defense/Security Mine
Countermeasures Integrated Exercises

Naval mine warfare activities conducted at various ports
and harbors in support of maritime homeland defense
and security.

Naval Special Warfare
Personnel Insertion and Extraction – Submersible

Military personnel train for covert insertion and
extraction into target areas using submersibles.

Personnel Insertion and Extraction – NonSubmersible

Military personnel train for covert insertion and
extraction into target areas using rotary wing aircraft,
fixed-wing aircraft (insertion only), or small boats.
Other Training Activities

Maritime Security Operations

Surface ship and small boat crews conduct a suite of
Maritime Security Operations events, including maritime
security escorts for Navy vessels such as submarines and
aircraft carriers; Visit, Board, Search, and Seizure;
Maritime Interdiction Operations; Force Protection; and
Anti-Piracy Operations.

Precision Anchoring

Anchors are released in designated locations.

Small Boat Attack

Small boat crews engage pierside surface targets with
small-caliber weapons. Only blank rounds are fired.

Intelligence, Surveillance, and Reconnaissance

Aircraft crews and unmanned aircraft systems conduct
searches and gather intelligence using visual, optical,
acoustic, and electronic systems.

Search and Rescue

Helicopter crews conduct helicopter insertion and
extraction.

Surface Ship Sonar Maintenance

Maintenance of sonar systems occurs while the ships are
moored and at sea.

Submarine Sonar Maintenance

Maintenance of sonar systems occurs while the
submarines are moored and at sea.

5.3 Training Activity Levels
Table 2 provides a summary of training activities (as described in the previous Section) including
location, number of events, quantities of non-explosive practice munition (NEPM) and high
explosive (HE) munitions, hours or count of sonar used, and other information pertinent to the
activity that the Navy proposes to expend during training activities.
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Table 2. Proposed Training Activities.
Range Activity

Location

No. of events
(per year)

Ordnance
(Number per
year)

Sonar - Hours
and Source
Bin*

Additional Items Used

Additional Information Provided During Consultation

Anti-Air Warfare

Air Combat Maneuver

Missile Exercise (Airto-Air)

Offshore Area
(Warning Area 237
[W-237]), Olympic
MOA

Offshore Area
(W-237)

550

None

24

30 (AIM7/9/120)
15 HE warheads
15 NEPM

None

Targets: towed banners

None

Targets: unmanned
drones

Gunnery Exercise
(Surface-to-Air)

Offshore Area
(W-237)

160

310 large-caliber
rounds (230 HE)
16,000 mediumcaliber rounds
(6,320 HE
9,680 NEPM)

Missile Exercise
(Surface-to-Air)

Offshore Area
(W-237)

4

RIM-7/116
(8 HE warheads)

None

Chaff, flares

None

Targets: unmanned aerial
drone, tactical airlaunched decoy,
illumination flare

Conducted 95 percent daytime, 5 percent nighttime.
Typically 2 but up to 4 aircraft per event. 110 events per year use chaff/flares. For
flights over land in the Olympic MOAs, the minimum flight altitude is typically
greater than 4,000 ft above ground level for 90 percent of the airspace. When
flying in the MOAs, Navy aircraft do not fly at the outer edges of the MOAs, to
prevent spilling out of the airspace. Navy aircraft will not be lower than 2000 ft
above ground level. Seventy percent of all Navy flights in the MOAs are above
20,000 ft and 95 percent of all flights are above 10,000 ft.
Conducted day only, 50 nautical miles (nm) or greater from shore.
Events all occur at high altitudes.

Conducted day only, 20 nm or greater from shore. Target is towed 500 ft or
greater above the ocean surface.

Conducted day only, 50 nm or greater from shore.

Anti-Surface Warfare

Gunnery Exercise
(Surface-to-Surface) –
Ship

Offshore Area

200

Small-caliber
rounds
(121,200 NEPM)
Medium-caliber
rounds (48 HE,
33,492 NEPM)
Large-caliber
rounds (80 HE,
2,720 NEPM)

Conducted day only, 20 nm or greater from shore.

None

Targets: floating and
remote controlled high
speed targets
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Table 2. Proposed Training Activities.
Range Activity

Location

Missile Exercise (Airto-Surface)

Offshore Area
(W-237)

High-Speed AntiRadiation Missile
Exercise (Non-firing)

Offshore Area
(W-237)

Bombing Exercise
(Air-to-Surface)

Tracking Exercise –
Submarine

Tracking Exercise –
Surface
(TRACKEX –
Surface)
Tracking Exercise –
Helicopter
(TRACKEX – Helo)
Tracking Exercise –
Maritime Patrol
Aircraft (TRACKEX –
MPA)

Offshore Area
(W-237)

Offshore Area

Offshore Area

Offshore Area

Offshore Area

No. of events
(per year)
4

1,740

30

100

65

4

300

Ordnance
(Number per
year)
AGM-84
(4 HE Missiles)
All non-firing
Captive Air
Training
Missiles
BDU-45, MK-84
Bombs
(10 HE, 110
NEPM)

None

None

None

None

Sonar - Hours
and Source
Bin*

Additional Items Used

None

Targets: floating and
remote controlled targets

None

None

None

Targets: floating target

Anti-Submarine Warfare
Targets: submarine,
48 MF3
expendable mobile antisubmarine warfare
16 HF1
training target, or
112 HF6
recoverable training target
Targets: submarine,
140 MF1
expendable mobile anti16 MF11
submarine warfare
78 ASW3
training target, or
recoverable training target
80 HF6
Targets: submarine,
expendable mobile anti4 MF4
submarine warfare
16 MF5
training target, or
recoverable training target
Targets: submarine,
expendable mobile antisubmarine warfare
880 MF5
training target, or
recoverable training target
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Additional Information Provided During Consultation
Conducted day only, 50 nm or greater from shore.
Target is towed on the ocean surface.
No munitions are released. Air to air activities occur at 10,000 ft Mean Sea Level
(MSL) or higher.

Conducted day only, 50 nm or greater from shore when using explosives, not in
Olympic Coast National Marine Sanctuary (OCNMS), 20 nm or greater if using
NEPM. Thirty smoke buoys per year as targets.

Conducted day and night, 12 nm or greater from shore in at least 600 ft water
depth.

Conducted day and night, 12 nm or greater from shore in at least 600 ft water
depth.

Conducted day and night, 12 nm or greater from shore in at least 600 ft water
depth.

Conducted day and night, 12 nm or greater from shore in at least 600 ft water
depth.

Table 2. Proposed Training Activities.
Range Activity
Tracking Exercise –
Maritime Patrol
Aircraft Multistatic
Active Coherent
(MAC) (TRACKEX
MPA MAC)

Location

Offshore Area

No. of events
(per year)

24

Ordnance
(Number per
year)

None

Sonar - Hours
and Source
Bin*

Additional Items Used

720 ASW2

Targets: submarine,
expendable mobile antisubmarine warfare
training target, or
recoverable training target

Additional Information Provided During Consultation
Conducted day and night, 12 nm or greater from shore in at least 600 ft water
depth.

Electronic Warfare

Electronic Warfare
Operations

Offshore Area
(W-237), Olympic
MOAs

Electronic Warfare
Land-Based

Olympic MOA

5,000
(aircraft)
275
(ship)

None

None

Chaff, flares

780

None

None

Mobile Electronic
Emitters (2 hrs/event)

Conducted 99 percent daytime, 1 percent nighttime.
Typically 1 to 4 aircraft per event. For Electronic Warfare flights over land in the
Olympic MOAs, the flights are conducted more than 10,000 ft above ground level.
When flying in the MOAs, Navy aircraft do not fly at the outer edges of the
MOAs, to prevent spilling out of the airspace. Navy aircraft will not be lower than
2,000 ft above ground level. Seventy percent of all Navy flights in the MOAs are
above 20,000 ft and 95 percent of all flights are above 10,000 ft.
Conducted 99 percent daytime, 1 percent nighttime.

Mine Warfare

Mine Neutralization –
Explosive Ordnance
Disposal

Submarine Mine
Exercise

Conducted day only.

3

Three 2.5 lb HE
charges

None

None

3

18 shock wave
action generator
(SWAG)

None

None

Inland Waters
(Hood Canal EOD
Training Range)

3

Three 2.5 lb HE
charges

None

None

3

18 SWAG

None

None

Offshore Area

8

None

32HF1

24 batho-thermograph
buoys

Inland Waters
(Crescent Harbor
EOD Training
Range)
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Conducted day and night.

Table 2. Proposed Training Activities.
Range Activity
Maritime Homeland
Defense/ Security
Mine Countermeasures
Integrated Exercise

Location

Inland Waters

No. of events
(per year)

Three in 5
years

Ordnance
(Number per
year)

None

Sonar - Hours
and Source
Bin*

384 HF4

Additional Items Used

Additional Information Provided During Consultation

Magnetic mine sweeping,
24 hours

Conducted day and night. Twenty-four hours of helicopter flight time over several
days. 24 hours of Navy combatant underway time, 24 hours of small boat activity
per event, 4 hours of diving time per day, 24 hours of submersible unmanned
vehicles time over several days, and 24 hours of magnetic mine sweeping
equipment over several days.

Naval Special Warfare
Conducted day and night.

Personnel
Insertion/Extraction –
Submersible

Personnel
Insertion/Extraction –
Non-Submersible

Inland Waters
(Keyport)

8

None

None

None

Inland Waters
(Indian Island)

5

None

None

None

Inland Waters
(DBRC Site)

20

None

None

None

Inland Waters
(Crescent Harbor)

1

None

None

None

Inland Waters
(Navy 7)

1

None

None

None
Conducted day and night.

Inland Waters
(Crescent Harbor)

0 to 10, 10
total at both
sites

None

None

None

Inland Waters
(R6701)

0 to 10, 10
total at both
sites

None

None

None
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Table 2. Proposed Training Activities.
Range Activity

Location

No. of events
(per year)

Ordnance
(Number per
year)

Sonar - Hours
and Source
Bin*

Additional Items Used

Additional Information Provided During Consultation

Other Activities

Maritime Security
Operations

Precision Anchoring

Small Boat Attack

Intelligence,
Surveillance,
Reconnaissance

Inland Waters
(Naval Base
[NAVBASE]
Kitsap Bangor,
Hood Canal,
Dabob Bay, Puget
Sound, Strait of
Juan de Fuca)

Conducted day only.

286

1,320 small
caliber rounds
(all blanks)

None

None

Conducted day only.

Inland Waters
(Naval Station
Everett)

7

None

None

None

Inland Waters
(Indian Island)

3

None

None

None

Inland Waters
(Naval Station
Everett)

1 event per
year at one of
the three sites

3,000 smallcaliber rounds
(all blanks)

None

None

Inland Waters
(NAVBASE Kitsap
Bangor)

1 event per
year at one of
the three sites

3,000 smallcaliber rounds
(all blanks)

None

None

Inland Waters
(NAVBASE Kitsap
Bremerton)

1 event per
year at one of
the three sites

3,000 smallcaliber rounds
(all blanks)

None

None

Offshore Area

200

None

None

None

Inland Waters
(Crescent Harbor)

95

None

None

Flares

Inland Waters
(Navy 7)

5

None

None

Flares

Conducted day only.

Conducted day and night.

Conducted day and night.

Search and Rescue
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Table 2. Proposed Training Activities.
Range Activity

Location

No. of events
(per year)

Ordnance
(Number per
year)

Sonar - Hours
and Source
Bin*

Additional Items Used

Additional Information Provided During Consultation
Conducted day and night

Surface Ship Sonar
Maintenance

Submarine Sonar
Maintenance

Offshore Area

7

None

14 MH1

None

Inland Waters
(Pierside Naval
Station Everett)

6

None

12 MF1

None

Offshore Area

11

None

11 MF3

None

Inland Waters
(Pierside
NAVBASE Kitsap
Bangor)

4

None

4 MF3

None

Inland Waters
(Pierside
NAVBASE Kitsap
Bremerton)

7

None

7 MF3

None
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Conducted day and night

5.4 Proposed Testing Activities
The Navy’s research and acquisition community engages (i.e. testing community) in a broad
spectrum of testing activities in support of the fleet. These activities include, but are not limited
to, basic and applied scientific research and technology development; testing, evaluation, and
maintenance of systems (missiles, radar, and sonar), and platforms (surface ships, submarines,
and aircraft); and acquisition of systems and platforms to support Navy missions and give a
technological edge over adversaries.
The individual commands within the research and acquisition community are:
•

Naval Sea Systems Command. Within Naval Sea Systems Command are the following
field activities:
o Naval Undersea Warfare Center Division, Keyport
o Naval Surface Warfare Center, Carderock Division, Detachment Puget Sound
o Naval Surface Warfare Center, Carderock Division, Southeast Alaska Acoustic
Measurement Facility
o Puget Sound Naval Shipyard and Intermediate Maintenance Facility
o Various Naval Sea Systems Command program office-sponsored testing activities

•

Naval Air Systems Command

The Navy’s proposed testing activities are briefly described in Table 3. The table is organized
according to testing category conducted by each technical organization and includes the activity
name and a short description. A full description of each activity, as provided in the FEIS, can be
found in Appendix B.
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Table 3. Representative Testing Activities Occurring in the NWTT Study Area.
Activity Name

Activity Description
Naval Undersea Warfare Center Division, Keyport

Torpedo Testing

Torpedo NonExplosive Testing

Test of a non-explosive torpedo against a target.

Autonomous and
Non-Autonomous
Vehicles

Unmanned
Underwater
Vehicle Testing

Unmanned underwater vehicles (UUVs) are autonomous or remotely
operated vehicles with a variety of different payloads used for various
purposes.

Unmanned
Aircraft System

Unmanned Aircraft Systems are remotely piloted or self-piloted (i.e.,
preprogrammed flight pattern) aircraft that include fixed-wing, rotarywing, and other vertical takeoff vehicles. They can carry cameras,
sensors, communications equipment, or other payloads.

Unmanned Surface
Vehicle Testing

Unmanned surface vehicles are primarily autonomous systems
designed to augment current and future platforms to help deter
maritime threats. They employ a variety of sensors designed to
extend the reach of manned ships.

Cold Water
Training

Fleet training for divers in a cold water environment and other diver
training related to Navy divers supporting range operations.

Post-Refit Sea
Trial

Following periodic maintenance or repairs, sea trials are conducted to
evaluate submarine propulsion, sonar systems, and other mechanical
tests.

Anti-Submarine
Warfare Testing

Ships and their supporting platforms (e.g., helicopters, unmanned
aerial vehicles) detect, localize, and prosecute submarines or other
training targets.

Side Scan/ Multibeam Sonar

Side Scan/Multi-beam Sonar systems associated with a vessel or
UUV are tested to ensure they can detect, classify, and localize targets
in a real world environment.

Non-Acoustic
Tests

These tests involve non-acoustic sensors. Non-acoustic sensors may
also gather other forms of environmental data.

Countermeasures
Testing

Includes testing of two types of countermeasures: those that emit
active acoustic energy of varying frequencies into the water to mimic
the characteristics of a target so that the actual threat or target remains
undetected; and those that would detect, localize, track, and attack
incoming weapons.

Acoustic Test
Facility

Various acoustic component testing and calibration is conducted in a
controlled experimental environment based on periodicity and is also
conducted on modified, upgraded, and experimental devices.

Pierside Integrated
Swimmer Defense

Swimmer defense testing ensures that systems can effectively detect,
characterize, verify, and engage swimmer and diver threats in harbor
environments.

Fleet Training
Support

Maintenance and
Miscellaneous

Acoustic
Component Test
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Table 3. Representative Testing Activities Occurring in the NWTT Study Area.
Activity Name

Activity Description

Naval Surface Warfare Center, Carderock Division Detachment Puget Sound

System,
Subsystem and
Component
Testing

Pierside Acoustic
Testing

Operating autonomous underwater vehicle (AUV), remotely operated
vehicle (ROV), UUV, submersibles/Concepts and Prototypes
(including experimental vehicles, systems, equipment, tools and
hardware) underwater in a static or dynamic condition within 500 yd.
of an instrumented platform moored pierside.

Performance
Testing At-Sea

Operating AUV, ROV, UUV, submersibles/Concepts and Prototypes
underwater at sea. Systems will be exercised to obtain operational
performance measurements of all subsystems and components used
for navigation and mission objectives.

Development
Training and
Testing

Operating AUV, ROV, UUV, submersibles/Concepts and Prototypes
underwater at Sea. Systems will be exercised to validate development
and to provide operator familiarization and training with all
subsystems and components used for navigation and mission
objectives.

Proof of Concept Testing

Design, fabrication and installation of unique hardware and towing
configurations in support of various surface and underwater
demonstrations as proof-of-concept.
Additional Naval Sea Systems Command Testing Activities

Life Cycle Activities

Pierside Sonar
Testing

Pierside testing of submarine and surface ship sonar systems occurs
periodically following major maintenance periods and for routine
maintenance.

Shipboard
Protection Systems
and Swimmer
Defense Testing

Pierside
Integrated
Swimmer
Defense

Swimmer defense testing ensures that systems can effectively detect,
characterize, verify, and engage swimmer and diver threats in harbor
environments.

Unmanned Vehicle
Testing

Unmanned
Vehicle
Development and
Payload Testing

Vehicle development involves the production and upgrade of new
unmanned platforms on which to attach various payloads used for
different purposes.

Anti-Surface
Warfare/AntiSubmarine Warfare
Testing

Torpedo Testing

Air, surface, or submarine crews employ explosive torpedoes against
artificial targets.

Torpedo NonExplosive
Testing

Air, surface, or submarine crews employ non-explosive torpedoes
against submarines or surface vessels.

Countermeasure
Testing

Countermeasure testing involves the testing of systems that would
detect, localize, track, and attack incoming weapons.

Anti-Submarine
Warfare Mission
Package Testing

Ships and their supporting platforms (e.g., helicopters, unmanned
aerial vehicles) detect, localize, and prosecute submarines.

New Ship
Construction
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Table 3. Representative Testing Activities Occurring in the NWTT Study Area.
Activity Name

Activity Description
Naval Air Systems Command Testing Activities
Anti-Submarine Warfare

Anti-Submarine Warfare Tracking Test –
Maritime Patrol Aircraft (ASW
TRACKEX – MPA) (Directional
Command Activated Sonobuoy System
[DICASS])

All Naval Air Systems Command ASW testing activities are similar
to the training event ASW TRACKEX – MPA. This test evaluates
the sensors and systems used by maritime patrol aircraft to detect and
track submarines using the DICASS.

ASW TRACKEX – MPA MAC

This test evaluates the sensors and systems used by maritime patrol
aircraft to detect and track submarines using the MAC sonobuoy
system.

ASW TRACKEX – MPA (Sound
Underwater Signal [SUS])

This test evaluates the sensors and systems used by maritime patrol
aircraft to communicate with submarines using any of the family of
SUS systems.

ASW TRACKEX – MPA (Improved
Extended Echo Ranging [IEER])

This test evaluates the sensors and systems used by maritime patrol
aircraft to detect and track submarines using the IEER sonobuoy
system.

ASW TRACKEX – MPA (High Duty
Cycle [HDC])

This test evaluates the sensors and systems used by maritime patrol
aircraft to detect and track submarines using the HDC sonobuoy
system.
Electronic Warfare

Flare Test

Flare tests evaluate newly developed or enhanced flares, flare
dispensing equipment, or modified aircraft systems against flare
deployment. Tests may also train pilots and aircrew in the use of
newly developed or modified flare deployment systems. Flare tests
are often conducted with other test events, and are not typically
conducted as standalone tests.

5.5 Testing Activity Levels
Table 4 provides a summary of testing activities (as described in the previous Section) including
location, number of events, quantities of NEPM and HE munitions, hours or count of sonar used,
and other information pertinent to the activity that the Navy plans to expend during testing
activities.
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Table 4. Proposed Testing Activities.
Range Activity

Location

No. of
events (per
year)

Ordnance
(Number per
year)

Sonar - Hours and
Source Bin* (Counts
are italicized)**

Additional Items
Used

Additional Information Provided During Consultation

Naval Undersea Warfare Center Division, Keyport Testing Activities

Offshore Area
(Quinault Range
Site [QRS])
Torpedo
Testing

Autonomous
and NonAutonomous
Vehicles

20

101 NEPM
torpedoes

Torpedo NonExplosive Testing

Unmanned
Underwater Vehicle
Testing

21 MF10
134 ASW4
4.2 ASW3
63 MF5
34 TORP1
67 TORP2

Targets: submarine,
expendable mobile
anti-submarine
warfare training
target, or recoverable
training target

42 TORP1
147 TORP2

Targets: submarine,
expendable mobile
anti-submarine
warfare training
target, or recoverable
training target

Inland Waters
(DBRC)

41

189 NEPM
torpedoes

Offshore Area
(QRS)

20

None

None

None

None

None

Inland Waters
(DBRC Site)

30

134 NEPM
torpedoes

434 SAS2
67 TORP1
67 TORP2
210 M3

Inland Waters
(Keyport Range
Site)

101

None

220 M3
220 SAS2
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Conducted in the warm season, primarily during the day; rarely
at night. Typical event is conducted more than 3 nm from shore
in water more than 600 ft deep, lasts about 8 hours and averages
5 torpedo runs. An average run lasts approximately 10 minutes.
Between runs, sonar is not in use; vessels may maneuver or hold
station (maneuvering vessels use navigational acoustic sources
considered de minimis by the Navy). Target may be a
submarine or a target device. Torpedo may be launched from a
submarine, a support craft or a fixed-wing aircraft.
Same as for QRS, except testing is year-round, and no aircraft
used.

Test conducted year-round, primarily during the day; rarely at
night.
Crawlers are autonomous devices which propel themselves by
pushing off the sea floor (crawling), as opposed to swimming
through the water column. They tend to be tracked devices. Up
to 10 percent of UUV testing could be crawlers. Support craft
may be used during tests.

Table 4. Proposed Testing Activities.
No. of
events (per
year)

Ordnance
(Number per
year)

Sonar - Hours and
Source Bin* (Counts
are italicized)**

Additional Items
Used

Offshore Area
(QRS)

20

None

None

None

Inland Waters
(DBRC Site)

20

None

None

None

Offshore Area
(QRS)

20

None

None

None

Inland Waters
(DBRC Site)

5

None

None

None

Inland Waters
(Keyport Range
Site)

15

None

None

None

Offshore Area
(QRS)

20

None

HF

None

Inland Waters
(DBRC Site)
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None

HF

None

Inland Waters
(Keyport Range
Site)

33

None

HF

None

Post-Refit Sea Trial

Inland Waters
(DBRC Site)

32

None

32 M3
79 MF10

None

Anti-Submarine
Warfare Testing

Offshore Area
(QRS)

5

None

4.2 MF10
34 MF11

None

Range Activity

Unmanned Aircraft
System
Autonomous
and NonAutonomous
Vehicles
(Continued)

Unmanned Surface
Vehicle

Cold Water Training
Fleet
Training/
Support

Location

35

Additional Information Provided During Consultation

Conducted year-round, day only. Unmanned aircraft tested at
less than 3,000 75 percent of time, 3,000 and greater for 25
percent of time.

Test conducted year-round, primarily during the day; rarely at
night.

Test conducted year-round, 80 percent day, 20 percent night.
Divers sometimes use hand-held or man-operated acoustic
systems that are de minimis and not quantified.

Test conducted year-round, 80 percent day, 20 percent night.
Test conducted year-round, day and night. Helicopters used on
30 percent of tests.

Table 4. Proposed Testing Activities.
Range Activity

Side Scan/Multi-beam
Sonar
Maintenance
and
Miscellaneous
Non-Acoustic Tests

Countermeasures
Testing

Acoustic
Component
Test

No. of
events (per
year)

Ordnance
(Number per
year)

Sonar - Hours and
Source Bin* (Counts
are italicized)**

Additional Items
Used

Inland Waters
(DBRC Site)

27

None

HF

None

Inland Waters
(Keyport Range
Site)

27

None

HF

None

Test conducted year-round, primarily during the day; rarely at
night. Assume half the annual events occur at DBRC and half at
Keyport. About 14 events per location, tests would use either a
towed device or a UUV. Assume 7 events per location include a
towed device, 7 include UUV-mounted system.

Offshore Area
(QRS)

6

None

None

None

Test conducted year-round, systems deployed primarily during
day, may be monitored at night.

Inland Waters
(DBRC Site)

23

None

None

None

Inland Waters
(Keyport Range
Site)

51

None

None

None

Offshore Area
(QRS)

6

None

84 ASW4

None

Test conducted year-round, systems deployed primarily during
day. Submarine target used in 70 percent of tests, other target
used 30 percent.

Inland Waters
(DBRC Site)

18

None

84 ASW4

None

Same as QRS above. Assume 18 events at DBRC, 43 at
Keyport Range Site.

Inland Waters
(Keyport Range
Site)

43

None

880 ASW4

None

None

22 HF6
3 LF4
7 MF9
2 VHF2

None

None

435 HF6
67 LF4
134 MF9
33 VHF2

None

Location

Inland Waters
(DBRC Site)
Acoustic Test Facility

Inland Waters
(Pierside
Keyport Range
Site)

9

167
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Additional Information Provided During Consultation

Same as QRS above. Assume 23 events at DBRC, 51 at
Keyport Range Site. System would be deployed from small
crafts 30 percent (towed device platform) and from pier 70
percent (UUV/ Unmanned surface vehicles platform).

Year-round, deployed primarily day. May monitor overnight.
At DBRC, test conducted from a moored vessel, at Keyport the
test is conducted from the pier

Table 4. Proposed Testing Activities.
Range Activity
Acoustic
Component
Test
(Continued)

Pierside Integrated
Swimmer Defense

Location
Inland Waters
(Pierside
Keyport Range
Site)

No. of
events (per
year)
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Ordnance
(Number per
year)

Sonar - Hours and
Source Bin* (Counts
are italicized)**

None

16 LF4
16 MF8
301 SD1

Additional Items
Used

None

Additional Information Provided During Consultation
Test conducted only at Keyport Range Site, not at DBRC as
listed in Draft EIS/OEIS. Test conducted year-round, primarily
during day, may be monitored at night.

Naval Surface Warfare Center, Carderock Division Detachment Puget Sound

Pierside Acoustic
Testing

System,
Subsystem
and
Component
Testing

Performance Testing
At Sea

Development
Training and Testing

Inland Waters
(NAVBASE
Kitsap Bangor)

30

None

30 LF5
30 MF10

None

Inland Waters
(NAVBASE
Kitsap
Bremerton)

30

None

30 LF5
30 MF10

None

Inland Waters
(DBRC Site)
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None

115 M3
58 SAS2

None

Inland Waters
(Carr Inlet)

12

None

29 M3
14 SAS2

None

Inland Waters
(DBRC Site)

29

None

230 HF6
461 M3

None

Inland Waters
(Carr Inlet)

7

None

58 HF6
115 M3

None

None

77 HF6
269 M3
58 SAS2

None

None

19 HF6
67 M3
14 SAS2

None

Inland Waters
(DBRC Site)

24

Proof of Concept Testing
Inland Waters
(Carr Inlet)

6
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Test conducted year-round. Event is typically 8 hours duration
with some activity at night. Work divided evenly between the
two locations. Targets may be used 10 percent of the activities.

Test conducted year-round. Event is typically 8 hours duration
with some activity at night. 48 events at DBRC, 12 in Carr Inlet.

Test conducted year-round. Event is typically 8 hours duration
with some activity at night. 36 events total per year, with 80
percent occurring in DBRC and 20 percent occurring in Carr
Inlet.
Test conducted year-round. Event is typically 8 hours duration
with some activity at night. 30 events total per year, with 80
percent occurring in DBRC and 20 percent occurring in Carr
Inlet.

Table 4. Proposed Testing Activities.
Range Activity

Location

No. of
events (per
year)

Ordnance
(Number per
year)

Sonar - Hours and
Source Bin* (Counts
are italicized)**

Additional Items
Used

Additional Information Provided During Consultation

Additional Naval Sea Systems Command Testing Activities
Inland Waters
(Pierside Naval
Station Everett)

Life Cycle
Activities

Shipboard
Protection Systems
and Swimmer
Defense Testing

Unmanned Vehicle
Testing

Pierside Sonar
Testing

Pierside
Integrated
Swimmer
Defense

Unmanned
Vehicle
Development
and Payload
Testing

Inland Waters
(Pierside
NAVBASE
Kitsap Bangor)

8

29

None

32 MF1

None

None

121 HF1
6 HF3
41 MF3
80 MF9
1 MF3

None

None

Inland Waters
(Pierside
NAVBASE
Kitsap
Bremerton)

30

40 HF1
2.5 HF3
104 MF3
120 MF9

Inland Waters
(Pierside
NAVBASE
Kitsap Bangor)

1 event per
year at one
of the two
sites

None

12 LF4
12 MF8
228 SD1

None

Inland Waters
(Pierside
Keyport Range
Site)

1 event per
year at one
of the two
sites

None

12 LF4
12 MF8
228 SD1

None

Inland Waters
(DBRC Site)

2

None

240 MF9

None

Inland Waters
(Keyport Range
Site)

2

None

240 MF9

None
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Test conducted year-round. Event is typically 8 hours duration
with some activity at night.

Test conducted year-round. 1 event can last up to 14 days with
intermittent activities throughout the time period. Diver safety
procedures typically require 8 hours duration - some activities
may occur at night.

Test conducted year-round, day and night, 50 percent at DBRC
Site, 50 percent at Keyport Range Site.

Table 4. Proposed Testing Activities.
Range Activity

Anti-Surface
Warfare/AntiSubmarine Warfare
Testing

Location

Ordnance
(Number per
year)

Sonar - Hours and
Source Bin* (Counts
are italicized)**

Additional Items
Used

Additional Information Provided During Consultation

Torpedo
(Explosive)
Testing

Offshore Area

3

6 HE torpedoes
6 NEPM torpedoes

6 TORP1
6 TORP2

None

Test conducted in warm season only, daylight hours, greater
than 50 nm from shore.

Torpedo (Nonexplosive)
Testing

Offshore Area
(QRS)

3

18 NEPM
torpedoes

6 TORP1
12 TORP2

None

Test conducted year-round during daylight hours, greater than
12 nm from shore.

Inland Waters
(DBRC Range
Site)

13

21 NEPM
torpedoes

21 TORP1

None

8

123 NEPM
torpedoes

360 HF5
123 TORP1
360 ASW3

16 NEPM
torpedoes

16 ASW1
80 ASW3
24 MF12
10 MF4
4 MF5
16 TORP1

Countermeasure
Testing

Offshore Area
(QRS)

New Ship
Construction

No. of
events (per
year)

ASW Mission
Package
Testing

Offshore Area
(QRS)

8

Test conducted year-round, day and night.
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None

Test conducted year-round during daylight hours, greater than
12 nm from shore.

Test conducted year-round during daylight hours, greater than
12 nm from shore.
None

Table 4. Proposed Testing Activities.
Range Activity

Location

No. of
events (per
year)

Ordnance
(Number per
year)

Sonar - Hours and
Source Bin* (Counts
are italicized)**

Additional Items
Used

Additional Information Provided During Consultation

Naval Air Systems Command Testing Activities

Anti-Submarine
Warfare Tracking
Test

Maritime Patrol
Aircraft
(DICASS)

Offshore Area

28

None

170 MF5

None

Maritime Patrol
Aircraft (MAC)

Offshore Area

14

None

170 ASW2

None

12 MF6

None

Test conducted year-round, day and night, greater than 12 nm
from shore, outside OCNMS.
Test conducted year-round, day and night, greater than 12 nm
from shore, outside OCNMS.

Maritime Patrol
Aircraft (SUS)

Offshore Area

5

72 Impulsive SUS
buoys (HE) (e.g.,
MK-61, MK-64,
MK-82)

Maritime Patrol
Aircraft (IEER)

Offshore Area

6

70 IEER (HE)
sonobuoys

None

None

Test conducted year-round, day and night, greater than 12 nm
from shore, outside OCNMS.

Maritime Patrol
Aircraft (HDC)

Offshore Area

1

None

64 ASW2H

None

Test conducted year-round, day and night, greater than 12 nm
from shore, outside OCNMS.

Flares, chaff

Test conducted year-round, day and night, greater than 3 nm
from shore.

Test conducted year-round, day and night, greater than 12 nm
from shore, outside OCNMS.

Electronic Warfare
Electronic Warfare

Flare Test

Offshore Area

10

None

None

* Source bin as identified in Table 16.
** Counts are the number of units (i.e., sonobuoys) used in the testing activity, not hours of use.
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5.6 U.S. Forest Service’s Special Use Permit
The Forest Service has received and accepted a special use application by the Navy under
authority of the Organic Administration Act of June 4, 1897, to use or occupy National Forest
System lands within the Olympic National Forest, Pacific Ranger District. The Forest Service is
proposing to issue a 5-year permit for the activities. The activities authorized are in support of
the EW training activities described above in Tables 1 and 2.
For EW training the Navy proposes to use three Mobile Electronic Warfare Training System
(MEWTS) which are utility trucks modified with two vehicle-mounted mobile emitters. The
mobile emitters with which MEWTS will be outfitted are summarized in Table 5. The Navy
proposes to operate the MEWTS from 15 sites within the Olympic MOAs; 11 sites on Forest
Service lands and four on Washington Department of Natural Resource (WDNR) lands.
However, the Navy has not applied to WDNR for a land use or lease application to use the
MEWTS on their land as the State of Washington notified the Navy they prefer not to partner
with them on this project (Washington State Department of Natural Resources, in litt. 2015).
The Navy may apply to WDNR in the future and will consult with the Service, if necessary, at
that time. The WDNR sites are not included in this consultation.
Table 5. Summary of mobile electromagnetic emitters in electronic warfare training.
Range of
Radiation
Electromagnetic
Hazard
(EM) wave
Shape of
Dimensions of
Minimum
Emitter type
frequencies
EM signal
EM Signal
Safe
(Gigahertz
Separation
[GHz])
Distance
Traveling Wave Tube
30.8 m /
4-8
Cone
8.1 degrees
Amplifier
101.1 ft
9 degrees
Magnetron
6.7 – 7.4
Wedge
horizontal
8.9 m /
27 degrees vertical
29.3 ft
(Mosher, pers. comm. 2015; Navy 2014)

Specific locations for the 11 sites on Forest Service lands are provided in Table 6 and shown in
Figure 1. Each site consists of an existing pull-outs or turnarounds which have already been
cleared or have natural features (e.g., a cliff or ridgeline) that provide an unobstructed line of
sight to the west. The MEWTS will not be parked at training sites overnight, but travel to sites
each day from Naval Station Everett Annex Pacific Beach using existing roads. Once on sites,
MEWTS will operate between 8 and 16 hours each day for 260 days each year (Navy 2014).
Emitters are expected to be energized, emitting signals at 90-300 watts, about 45 minutes of
every hour that the MEWTS are on sites (Mosher, pers. comm. 2015; Navy 2014).
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Table 6. Location of proposed MEWTS Emitter Sites (Navy 2014, p. 1-5).
MEWTS
Emitter Site
No.

Latitude/Longitude

1
2
4
5
6
7
8
15

Olympic A MOA
N 47°32'13.56" / W 123°56'51.18"
N 47°31'40.80" / W 123°52'47.50"
N 47°35'49.80" / W 124°02'39.80"
N 47°22'32.81" / W 123°53'12.87"
N 47°24'20.50" / W 123°50'27.08"
N 47°23'47.40" / W 123°54'52.80"
N 47°21'30.10" / W 123°51'56.40"
N 47°30'44.80" / W 123°53'20.20"
Olympic B MOA

9

N 47°57'58.00" / W 124°11'41.70"

10

N 47°59'26.11" / W 124°09'59.78"

11

N 48°00'57.54" / W 124°13'26.13"
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Specific Location

NFS Rd NF-2140
NFS Rd NF-2190
NFS Rd NF-011
NFS Rd NF-2258
NFS Rd NF-2258
NFS Rd 2257
NFS Rd 042
NFS Rd NF-2190
Intersection of NFS Rd 2923
and NFS Rd 025
NFS Rd 2923
Intersection of NFS Rd 060
and NFS Rd 065

Figure 1. Site Locations on Forest Service lands within MOAs A and B.
(Forest Service 2016)
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5.7 Conservation Measures
The following conservation measures have been incorporated into the project design to avoid or
minimize potential effects to listed species. Conservation measures include:
1. In inland waters, marine bird monitoring will be conducted for all Mine Neutralization,
Explosive Ordnance Disposal activities at both the Hood Canal and Crescent Harbor
EOD Training Ranges. Monitoring will take place within the exclusion zone. If any
marine bird is observed within this zone, training activities will be paused until the
bird(s) have voluntarily left the exclusion zone. Monitoring inclusion zone will be:
a. SWAGs – 100 yards.
b. Detonations of E3 Explosive Source Bin – 400 yards.
2. At the Hood Canal EOD Range Site, no E3 detonations will be discharged between
February and April. Only SWAG charges (< E1) will be detonated during this time.
3. At the Hood Canal EOD Range Site, the Navy will avoid E3 detonations to the maximum
extent practicable between August 1 and October 31 (unless necessitated by readiness
requirements). Only SWAG charges (< E1) will be detonated during this time.
4. A mitigation zone with a radius of 200 yd. (183 m) shall be established for small- and
medium-caliber gunnery exercises with a surface target. Vessels will observe the
mitigation zone from the firing position. The exercise will not commence if seabirds are
sighted within the mitigation zone.
5. A mitigation zone with a radius of 70 yd. (46 m) within 30 degrees on either side of the
gun target line on the firing side shall be established for weapons firing noise and muzzle
blast during large caliber gunnery exercises. Mitigation shall include visual observation
immediately before and during the exercise. The exercise will not commence if seabirds
are sighted within the mitigation zone.
The Navy plans to implement standard operating procedures, mitigation, and monitoring
measures to minimize or avoid impacts to listed species (Navy 2015 – Chapter 5). Most of these
activities are related to Lookout Procedures that require the reporting of all objects observed in
the water (e.g. trash, periscopes, marine mammals, sea turtles, floating vegetation, etc.) to the
Officer of the Deck, as well as all disturbances (e.g., surface disturbance, discoloration) that may
be indicative of a threat to the vessel and its crew. The Service reviewed Chapter 5 of the FEIS
and determined that, in the Offshore Area, these procedures would not eliminate risk to marbled
murrelets and short-tailed albatross. Effective detection of these birds, especially the marbled
murrelet, requires a qualified and highly experienced biologist. The Lookouts do not typically
have these qualifications. Therefore, we do not expect that these standard procedures will
eliminate or measurably reduce the risks to listed seabirds in the Offshore Area.
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On April 21, 2016, the Navy provided the following measures that they could implement during
EOD activities at the Hood Canal and Crescent Harbor EOD Training Range sites:
1. Procedures and monitoring for all events:
a. To minimize potential effects, each underwater detonation event will utilize the
smallest practicable net explosive weight charge necessary to accomplish the required
training objective (e.g. a 1.5 lb charge may be used if a 2.5 lb charge is not required).
b. Underwater detonation events will only utilize command detonated charges (positive
control); none will use time delayed firing devices.
c. Underwater detonation events will take place only during sea state conditions of
Beaufort 0 to 2 to support good visibility of the exclusion area by monitoring teams.
Events will not be conducted during conditions of low visibility.
d. One Navy biologist will be included in the monitoring team onboard the monitoring
boat(s) and will be the lead for the monitoring evolution. This person will give the
final approval that the exclusion area is clear of all marine birds prior to the
underwater detonation charge being initiated. The monitoring team lead will have
radio communication with the unit conducting the event and all other monitoring
boats.
e. A pre-event boat survey of the exclusion area will commence 30 minutes prior to the
planned detonation event. During the survey, each observer will cover a transect area
that is no more than 50 meters wide. Observers will scan without binoculars. Boat
speed during the survey will be between 5 to 10 knots.
f. Units conducting the underwater detonation event will assist in observing the
exclusion area, as practicable, during completion of the entire training evolution, and
will immediately notify the monitoring team lead of any observed marine species (the
unit conducting the underwater detonation is generally 4 to 5 people).
g. After the charge has been initiated, and the unit conducting the underwater detonation
has determined that the exclusion area is safe to reenter, a post-event survey will
occur with the monitoring boat(s) resurveying the exclusion area, to observe for
effected marine birds as well as fish. Observations will be recorded and any observed
injury or mortality of protected species will be documented and reported to the
appropriate regulatory agency as soon as is practical.
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2. Procedures for different charge sizes:
a. E3 charge size (charges > 0.5 to 2.5 pounds net explosive weight):
i.

400 yard exclusion zone will be established for all marine birds (charges will
not be initiated if any marine birds are observed within this area).

ii.

Two monitoring boats with two observers onboard each boat will be utilized;
observers will be in addition to the boat driver, who also assists in observing
the general area.

b. < E1 charge size (charges 1 ounce net explosive weight or less):
i.

100 yard exclusion zone will be established for all marine birds (charges will
not be initiated if any marine birds are observed within this area).

ii.

One monitoring boat with two observers onboard will be utilized; observers
will be in addition to the boat driver, who also assists in observing the general
area.

3. Protective measure specific to the Crescent Harbor training site: The training site for
underwater detonations in Crescent Harbor has been located 1,000 meters from the
closest point of land to avoid nearshore fish habitat areas.
5.7.1

NMFS Final Biological Opinion Terms and Conditions

NMFS finalized their Opinion on the proposed action on November 9, 2015. The following
Terms and Conditions (T&Cs) from the NMFS may also minimize adverse effects to bull trout,
marbled murrelets, or short-tailed albatross to varying degrees:
1. The Navy shall accomplish the following monitoring for take of fish during underwater
detonations (EOD activities) in the inshore areas:
a. To the extent practicable, minimize potential effects of underwater detonations by
scheduling training and testing events during periods of the year when salmonid
abundance is lowest.
b. Survey underwater detonation areas prior to each event to inform “go”, “no go”
decisions and to minimize the potential for interactions with ESA-listed species.
Surveys should attempt to confirm the absence of salmonids and/or indicators of the
presence of salmonids in the mitigation zone. The Navy should employ visual
observations from boats, and other available technology to detect fish and other
indicators consistent with standard operating procedures and as deemed practicable.
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c. After each explosion or at the conclusion of multiple explosion events, survey the
impact area and areas immediately downstream to detect possible injured or killed
salmonids. If injured or killed fish are detected, consistent with standard operating
procedures and safety, try to determine the species affected and estimate the number
of adult and juvenile fish.
d. Prepare a report of compliance after each EOD event.
e. Compile and provide hydrophone data from underwater detonation events to verify
assumptions used in the derivation of ranges to effects to fish from explosives. If
there is sufficient data to make conclusions on ranges to effect from all source classes
(NEW) this condition will be met. If not, continue to collect measurements of
received sound levels at various distances from the source using hydrophones and
other appropriate devices as needed.
The Service determined that the conservation measures in the NMFS Opinion would not be very
effective in reducing adverse effects to Service-listed species for the following reasons:
Regarding T&C 1.a – In previous Navy consultations on NWTT activities, the Navy has stated
that the schedule of EOD training is based on vessel and personnel deployment. Since
deployment schedules can change at any time, training must occur when personnel are at
installations in Washington. While this T&C may avoid and minimize adverse effects to bull
trout if EOD training occurs during the time of year when juvenile salmon, bull trout prey, are
found along the nearshore, bull trout are in the marine waters year-round, and the Service
analyzed effects of underwater detonations as they would occur at any time. There is no
guarantee or assurance that the EOD training would not occur during the time of year when
salmon abundance is the lowest.
Regarding T&C 1.b – The Service was unable to attribute any effectiveness or efficiency to this
T&C to minimize adverse effects to bull trout. The T&C did not provide any information on
how surveys would be conducted or the size of the mitigation zones surveyed. Under the
assumption that divers will be used, there is a high probability that listed species could enter the
mitigation zone once the divers stopped surveying to exit the water to conduct the underwater
detonation. This T&C will provide avoidance and minimization measures when new technology
allows for better fish identification.
Regarding T&C 1.e – This T&C will help determine the accuracy of the Service’s analysis. The
Navy provided the distances to effects thresholds based off of past acoustic monitoring and
published documents. This T&C will verify that these distances were accurate and therefore, the
exposure analysis to both bull trout and marbled murrelets.
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6

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 402.02). In delineating that
action area, we evaluated the farthest reaching physical, chemical, and biotic effects of the action
on the environment. The action area for this proposed federal action is based on the geographic
extent of underwater and in-air sound and the distance that floating debris (specifically plastics)
will travel. The vast majority of floating debris from the Navy activities is expected to travel
north on the Alaska Current and become part of the North Pacific Subartic Gyre, and to a lesser
degree, travel south to the Eastern Garbage Patch off the coast of California. Sound from some
sources may travel beyond the immediate area in all directions from the Offshore Area in the
Navy’s project area.
The Navy’s training and testing activities occur in three subunits of the action area: 1) the
offshore component (Offshore Area Subunit); 2) the inland waters of Puget Sound (Inland
Waters Subunit), and 3) the Olympic MOA Subunit on the Olympic Peninsula. These are
described below. The Navy used these three subunits as their National Environmental Policy
Act (NEPA) action area and analyzed the effects of the NWTT activities within these areas.
However, for the purposes of Section 7 consultation under the ESA, the action area is based on
the maximum extent of the direct and indirect effects of the action on the environment, which is
an area larger than that identified by the Navy for their NEPA documentation.
6.1 Offshore Area Subunit
The Offshore Area includes, in part, the air, surface, and subsurface operating areas of the
Navy’s offshore activities extending west from the coastline of Washington, Oregon, and
Northern California for a distance until increased sound levels attenuate to background levels off
the coastline, including southern Washington, Oregon, and Northern California (Figure 2). The
Offshore Area Subunit includes the coastline along the Washington coast beneath the airspace of
Warning Area 237 (W-237) and the Washington coastline north of the Olympic MOAs. There is
no ceiling to the airspace of the Offshore Area Subunit except for that described below for the
Special Use Airspace.
The Offshore Area Subunit also includes the northern Pacific Ocean extending from the coast of
Washington to the south shores of the Aleutian Islands of Alaska. This part of the Subunit is
also defined by the distance that floating debris will travel. Main Pacific Ocean currents travel
east and split along the western coast of North America. The northern Alaska current could
carry material to the Subartic Gyre and the southern California Current carries material to the
North Pacific Gyre. Military debris from the Navy training and testing activities can travel both
north and south.
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Figure 2. The Navy’s Northwest Training and Testing Offshore Area, part of the action area that
includes the northern Pacific Ocean from the Washington coast to the Aleutian Islands of Alaska.
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6.1.1

Special Use Airspace

The Special Use Airspace in the Offshore Area (Figure 2) is comprised of W-237, which extends
westward off the coast of northern Washington State and is divided into nine sub-areas (A–H and
J). The eastern boundary of W-237 lies 3 nm (3.5 miles) off the coast of Washington. The
Special Use Airspace of W-237 extends from the ocean surface to the ceiling of the airspace,
which varies between 27,000 ft (8,200 m) above Mean Sea Level (MSL) in areas E, H, and J;
50,000 ft (15,200 m) above MSL in areas A and B; and unlimited in areas C, D, F, and G.
The Olympic MOAs Subunit overlays both land (the Olympic Peninsula) and sea (extending to 3
nm off the coast of Washington over the Pacific Ocean). The MOAs lower limit is 6,000 ft
(1,800 m) above MSL but not below 1,200 ft above ground level, and the upper limit is up to, but
not including, 18,000 ft (5,500 m) above MSL, with a total area of 1,614 square nautical miles
(nm2). Above the Olympic MOAs is the Olympic Air Traffic Control Assigned Airspace, which
is under the control of the Federal Aviation Administration. This airspace has a floor coinciding
with the Olympic MOAs ceiling. The controlled airspace has an upper limit of 35,000 ft (10,700
m) above MSL.
6.1.2

Sea and Undersea Space

The Offshore Area includes sea and undersea space approximately 510 nm (586.9 miles) in
length from the northern boundary at the mouth of the Strait of Juan de Fuca to the southern
boundary at the northern boundary of Mendocino County in northern California, and 250 nm
(287.7 miles) in length from the coastline of northern California, Oregon, and Washington. Total
surface area of the Offshore Area is approximately 121,000 nm2 (160,500 miles2). The Offshore
Area extends to the shoreline only along the northern portion of the Washington coast, and is 12
nm (13.8 miles) from the coastline from the southern boundary of the Olympic MOAs to
Northern California. The size of the area and its extension south off the coast of Northern
California provides valuable training and testing space for ships and submarines transiting
between the Pacific Northwest and Southern California.
Within the boundaries of the Offshore Area lies the QRS (Figure 2), a defined area of sea space
where training and testing is conducted. The QRS coincides with the boundaries of W-237A and
also includes a surf zone component. The surf zone component extends north to south for 5 nm
(5.7 miles) along the eastern boundary of W-237A, approximately 3 nm (3.5 miles) to shore
along the mean lower low water line, and encompasses 1 mile (1.6 km) of shoreline at Pacific
Beach, Washington. Surf-zone activities would be conducted from an area on the shore and
seaward.
6.2 Inland Waters Subunit
The Inland Waters Subunit includes air, sea, and undersea space inland of the Pacific coastline,
from buoy "J" at 48° 29.6 N, 125° W eastward, including the Strait of Juan de Fuca and Puget
Sound. Within the Inland Waters are specific geographic components in which most Inland
Waters training and testing occur. Some training activities could occur within Puget Sound,
outside the separate component areas described below and depicted in Figure 3.
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6.2.1

Air Space

Restricted Area 6701 (R-6701, Admiralty Bay) is a restricted area over Admiralty Bay,
Washington, with a lower limit at the ocean surface and an upper limit of 5,000 ft MSL. This
airspace covers a total area of 56 nm2. Chinook A and B MOAs are 56 nm2 of airspace south
and west of Admiralty Bay. The Chinook MOAs extend from 300 ft to 5,000 ft MSL. The sea
and undersea area below R-6701 is categorized as Navy 7 (Figure 3).

Figure 3. Northwest Training and Testing Inland Waters Areas. These areas are part of the
Inland Waters Subunit, and include Puget Sound, Hood Canal, and the Strait of Juan de Fuca.
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6.2.2

Sea and Undersea Space

The sea and undersea space of the Inland Waters Subunit includes 1) Explosive Ordnance
Disposal Ranges; 2) Surface and Subsurface Testing Sites; 3) Pierside Facilities and
Installations; and 4) Surface Operations Areas. These portions of the action area are described
below.
6.2.2.1 Explosive Ordnance Disposal Training Ranges
Two active EOD ranges, also used for swimmer training in Mine Countermeasures, are located
in the Inland Waters at the following locations (Figure 3):
•

NAVBASE Kitsap Bangor – Hood Canal EOD Training Range

•

Naval Air Station (NAS) Whidbey Island – Crescent Harbor EOD Training Range

6.2.2.2 Surface and Subsurface Testing Sites
There are three geographically distinct range sites in the Inland Waters where the Navy conducts
surface and subsurface testing and some limited training.
1. Keyport Range Site - Located in Kitsap County and includes portions of Liberty Bay and
Port Orchard Reach (also known as Port Orchard Narrows). The Keyport Range Site is
located adjacent to NAVBASE Kitsap Keyport, providing approximately 3.2 nm2 (4.2
miles2) for underwater testing, including in-shore shallow water sites and a shallow
lagoon to support integrated undersea warfare systems and vehicle maintenance and
engineering activities. Water depth at the Keyport Range Site is less than 100 ft (30 m).
2. Dabob Bay Range Complex Site - Located in Hood Canal, in Jefferson, Kitsap, and
Mason counties. The DBRC Site includes Dabob Bay and Hood Canal from 1 mile (1.6
km) south of the Hood Canal Bridge to the Hamma Hamma River, a total area of
approximately 45.7 nm2 (60.6 miles2).
a. Dabob Bay Tracking Range – Dabob Bay is a deep-water area approximately 14.5
nm2 (19.2 miles2) in size. The Dabob Bay acoustic tracking space is approximately
7.3 nm (8.4 miles) by 1.3 nm (1.5 miles) (9 nm2, 11.9 mile2) with a maximum depth
of 600 ft (182.9 m). The Dabob Bay tracking range, the only component of the
DBRC Site with extensive acoustic monitoring instrumentation installed on the
seafloor, provides for object tracking, communications, passive sensing, and target
simulation. Many activities conducted within Dabob Bay are supported by landbased facilities at Zelatched Point.
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3. Carr Inlet Operating Area (OPAREA) - Located in southern Puget Sound. The Carr Inlet
OPAREA is a quiet, deep-water inland range approximately 12 nm2 (15.9 miles2) in size.
It is located in an arm of water between Key Peninsula and Gig Harbor Peninsula. Its
southern end is connected to the southern basin of Puget Sound. Northward, Carr Inlet
OPAREA separates McNeil Island and Fox Island as well as the Key and Gig Harbor
peninsulas. The acoustic tracking space within the range is approximately 6 nm (6.9
miles) by 2 nm (2.3 miles) with a maximum depth of 545 ft (166 m). While no
permanently installed structures are present in the Carr Inlet OPAREA, the waterway
remains a Naval Restricted Area (33 C.F.R. § 334.1250).
6.2.2.3 Pierside Facilities
Most of the NWTT training and testing activities occur in established training and testing ranges;
however, the Navy conducts some testing at or near Navy piers. The Navy piers include:
•

NAVBASE Kitsap Bremerton in Sinclair Inlet

•

NAVBASE Kitsap Bangor Waterfront in Hood Canal, and

•

Naval Station Everett.

6.2.2.4 Surface Operations Areas
•

Two surface and subsurface areas are located northwest and west of Whidbey Island:

•

Navy 3 OPAREA

•

Navy 7 OPAREA - Lies beneath R-6701.

6.3 Olympic Military Operations Areas Subunit
The Olympic MOAs Subunit includes the Pacific Northwest EW Range located on Navy, Forest
Service, and Washington State Department of Natural Resources lands in the Olympic Peninsula
(Figure 2). Activities include the use of mobile signal emitter vehicles at designated sites located
along existing logging roads on Forest Service lands within the Olympic MOA. There will also
be overflights for Electronic Warfare activities and Air Combat Maneuvers.

7

ANALYTICAL FRAMEWORK FOR THE JEOPARDY DETERMINATIONS

7.1 Jeopardy Determination
The following analysis relies on the following four components: 1) the Status of the Species,
which evaluates the rangewide condition of the listed species addressed, the factors responsible
for that condition, and the species’ survival and recovery needs; 2) the Environmental Baseline,
which evaluates the condition of the species in the action area, the factors responsible for that

53

condition, and the relationship of the action area to the survival and recovery of the species; 3)
the Effects of the Action, which determines the direct and indirect impacts of the proposed federal
action and the effects of any interrelated or interdependent activities on the species; and 4)
Cumulative Effects, which evaluates the effects of future, non-federal activities in the action area
on the 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 species’ current status, 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 listed
species in the wild.
The jeopardy analysis in this Opinion emphasizes the rangewide survival and recovery needs of
the listed species and the role of the action area in providing for those needs. It is within this
context that we evaluate the significance of the proposed federal action, taken together with
cumulative effects, for purposes of making the jeopardy determination.
For species with final Recovery Plans, the Service’s consultation handbook (USFWS and NMFS
1998) provides the following additional guidance: “When an action appreciably 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.” If a Recovery Plan establishes
Recovery Units, our analysis considers the relationship of the Recovery Unit to both the survival
and recovery of the listed species as a whole.

8

STATUS OF THE SPECIES - RANGEWIDE

8.1 Bull Trout
The bull trout was listed as a threatened species in the coterminous United States in 1999.
Throughout its range, the bull trout is threatened by the combined effects of habitat degradation,
fragmentation, and alteration (associated with dewatering, road construction and maintenance,
mining, grazing, the blockage of migratory corridors by dams or other diversion structures, and
poor water quality), incidental angler harvest, entrainment, and introduced non-native species (64
FR 58910 [Nov. 1, 1999]). Since the listing of bull trout, there has been very little change in the
general distribution of bull trout in the coterminous United States, and we are not aware that any
known, occupied bull trout core areas have been extirpated (USFWS 2015c, p. iii).
The 2015 recovery plan for bull trout identifies six recovery units of bull trout within the listed
range of the species (USFWS 2015c, p. 34). Each of the six recovery units are further organized
into multiple bull trout core areas, which are mapped as non-overlapping watershed-based
polygons, and each core area includes one or more local populations. Within the coterminous
United States we currently recognize109 currently occupied bull trout core areas, which
comprise 600 or more local populations (USFWS 2015c, p. 34). Core areas are functionally
similar to bull trout metapopulations, in that bull trout within a core area are much more likely to
interact, both spatially and temporally, than are bull trout from separate core areas.
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The Service has also identified a number of marine or mainstem riverine habitat areas outside of
bull trout core areas that provide foraging, migration, and overwinter (FMO) habitat that may be
shared by bull trout originating from multiple core areas. These shared FMO areas support the
viability of bull trout populations by contributing to successful overwintering survival and
dispersal among core areas (USFWS 2015c, p. 35).
For a detailed account of bull trout biology, life history, threats, demography, and conservation
needs, refer to Appendix C: Status of the Species: Bull Trout.
8.2 Marbled Murrelet
Murrelet populations have declined at an average rate of 1.2 percent per year since 2001. The
most recent annual population estimate for the entire NWFP area ranged from about 16,600 to
22,800 murrelets during the 14-year period, with a 2013 estimate of 19,700 murrelets (95 percent
confidence interval [CI]: 15,400 to 23,900 birds) (Falxa and Raphael 2015, p.7). While the
overall trend estimate was negative (-1.2 percent per year), this trend was not conclusive because
the confidence intervals for the estimated trend overlap zero (95 percent CI:-2.9 to 0.5 percent),
indicating the murrelet population may be declining, stable, or increasing at the range-wide scale
(Falxa and Raphael 2015, pp. 7-8). Annual reports with population estimates have been released
since the 2015 report by Falxa and Raphael (2015); however, these reports did not also provide
trend information. Therefore, some of the data cited in this Opinion was used to predict current
abundance of murrelets based on the most recent population abundance estimates, but the trend
information from previous reports (Falxa and Raphael 2015) was used to predict future
population estimates over the duration of this Opinion (20 years). Due to funding restrictions,
the NWFPEM will only collect a complete sampling data set every other year, meaning
rangewide population and trend information will only be available every other year.
Murrelet population size and marine distribution during the summer breeding season is strongly
correlated with the amount and pattern (large contiguous patches) of suitable nesting habitat in
adjacent terrestrial landscapes (Falxa and Raphael 2015, p. 156). Monitoring of murrelet nesting
habitat within the NWFParea indicates nesting habitat has declined from an estimated 2.53
million acres in 1993 to an estimated 2.23 million acres in 2012, a total decline of about 12.1
percent (Falxa and Raphael 2015, p. 89). The largest and most stable murrelet subpopulations
now occur off the coast of Oregon and northern California, while subpopulations in Washington
have experienced the greatest rates of decline (-5.1 percent per year; 95 percent CI: -7.7 to -2.5
percent) (Falxa and Raphael 2015, p. 8-11). Rates of nesting habitat loss have also been highest
in Washington, primarily due to timber harvest on non-Federal lands (Falxa and Raphael 2015,
p. 124), which suggests that the loss of nesting habitat continues to be an important limiting
factor for the recovery of murrelets.
Factors affecting murrelet fitness and survival in the marine environment include: reductions in
the quality and abundance of murrelet forage fish species through overfishing and marine habitat
degradation; murrelet by-catch in gillnet fisheries; murrelet entanglement in derelict fishing gear;
oil spills; and high levels of underwater sound pressure generated by pile-driving and underwater
detonations (USFWS 2009a, pp. 27-67). While all of these factors are recognized as stressors to
murrelets in the marine environment, the extent that these stressors affect murrelet populations is
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unknown (USFWS 2012b). As with nesting habitat loss, marine habitat degradation is most
prevalent in the Puget Sound area where anthropogenic activities (e.g., shipping lanes, boat
traffic, shoreline development) are an important factor influencing the marine distribution and
abundance of murrelets in Conservation Zone 1 (Falxa and Raphael 2015, p. 163).
For a detailed account of marbled murrelet biology, life history, threats, demography, and
conservation needs, refer to Appendix D: Status of the Species: Marbled Murrelet.
8.3 Short-tailed Albatross
The range-wide population of the short-tailed albatross has been growing steadily. Based on
surveys at the breeding colonies on Torishima, the three-year running average of the population
growth rate between 2000 and 2013 ranges from 5.2 to 9.4 percent (USFWS 2014, p. 9). To
date, conservation efforts have largely focused on addressing the threats of habitat alteration and
loss due to catastrophic events and commercial fishing. Less effort has been invested to alleviate
threats to short-tailed albatross from climate change, ocean regime shift, and contaminants
including plastics.
Over three-quarters of the breeding population of short-tailed albatross nest on Torishima
(USFWS 2014, p. 3). There have been volcanic eruptions on Torishima that have killed large
numbers of birds and destroyed nesting habitat (Austin Jr 1949, p. 288). It is estimated that a
volcanic eruption on Torishima in the near future could kill as much as 54 percent of the world’s
population of short-tailed albatross (USFWS 2008b, p. 17). Conservation strategies for shorttailed albatross emphasize the importance of establishing breeding colonies on other islands to
hedge against losing a large proportion of short-tailed albatross from a single catastrophic event
(USFWS 2008b). By-catch of short-tailed albatross by commercial fisheries continues to be a
major conservation concern; efforts to address the threat are primarily focused on raising
awareness and use of seabird deterrents in the industry (USFWS 2014, p. 15).
The training and testing area along the west coast of the United States is used by juvenile and
sub-adult short-tailed albatross. As birds age they appear to spend more time in other parts of the
species range, especially in the marine waters of Alaska and the Aleutian Islands. The action
area does not include any current breeding habitat for short-tailed albatross.
For a detailed account of short-tailed albatross biology, life history, threats, demography, and
conservation needs, refer to Appendix E: Status of the Species: Short-tailed Albatross.

9

ENVIRONMENTAL BASELINE

Regulations implementing the ESA (50 CFR 402.02) 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.
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As described in the Action Area section above, the Navy proposes to conduct training and testing
activities in three areas: Offshore Area, Inland Waters, and the Olympic MOAs. The
Environmental Baseline section is organized by species and discusses exposure in the areas
where the species presence is anticipated. First, we discuss bull trout within the Offshore Area
and Inland Waters Subunit. Second, we discuss the status of marbled murrelets in the Offshore
Area, Inland Waters Subunit, and the Olympic MOAs. Lastly, we describe the status of the
short-tailed albatross in the Offshore Area.
9.1 Status of Bull Trout in the Action Area
9.1.1

Offshore Area

The marine waters off the western coast of Washington State provides important FMO habitat
for anadromous subadult and adult bull trout. The marine habitat provides important FMO
habitat located outside of the three core areas of the Olympic Peninsula: Hoh River, Queets
River, and Quinault River core areas.
Migratory bull trout use nonnatal watersheds (habitat located outside of their spawning and early
rearing habitat) to forage, migrate, and overwinter (Brenkman and Corbett, in litt. 2003a,b in
USFWS 2004). Marine waters, including coastal rivers, estuaries, and nearshore waters, provide
access to productive foraging areas and to protected overwintering areas. Coastal FMO habitat is
important to bull trout along the Olympic Peninsula for maintaining diversity of life history
forms and for providing access to productive foraging areas (USFWS 2004).
Bull trout have been documented in tributaries west of, and including, the Satsop River in the
lower Chehalis River basin (Mongillo 1993). Bull trout are reported historically from the Satsop,
Wynoochee, Wishkah, and Humptulips Rivers, but not from the Hoquiam River; information to
describe presence in the Hoquiam River is considered a research need (USFWS 2004). Bull
trout were reported from Grays Harbor surveys conducted between 1966 and 1981 (Jeanes et al.
2003), but not from surveys conducted between 1981 and 2001. In 2002, beach seine surveys
specifically targeting bull trout succeeded in locating the species in Grays Harbor (Jeanes et al.
2003).
Bull trout foraging and migrating in the action area (surf zone area at Pacific Beach) are most
likely from the Quinault, Queets, and/or Hoh River core areas. The Quinault, Queets, and Hoh
River core areas support five distinct bull trout local populations. The Quinault, Queets, and
Hoh River core areas play a critical role in the conservation and recovery of bull trout, since each
core area is vital to maintaining the overall distribution and genetic diversity of bull trout within
the Coastal Recovery Unit (USFWS 2004).
Each of the bull trout life history forms are believed to be represented within the Quinault,
Queets, and Hoh River core areas. However, current information is inadequate for determining
the status of the local populations, the locations of most of the actual spawning sites, and the
extent to which bull trout of these core areas use nonnatal watersheds (USFWS 2004). Adult and
subadult bull trout may use that surf zone area of the action area at any time of year. However,
an estimate of the number of bull trout that forage, migrate, and overwinter in the action area is
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not available. The Service expects that low numbers of bull trout are likely to forage, migrate,
and overwinter in the surf zone area of the action area. The Service does not expect bull trout to
use the action area located 3 miles or more off the coast of Washington.
9.1.2

Inland Waters Subunit

The Inland Waters Subunit includes all of Puget Sound, including Hood Canal.
9.1.2.1 Hood Canal
Based on historic observations (1980’s) in the Duckabush, Quilcene, and other nearby rivers and
estuaries entering Hood Canal from the west, we expect that very few bull trout occur near the
Hood Canal EOD Training Range site (Brenkman and Corbett 2007; Brenkman and Corbett
2005; Goetz et al. 2004; Goetz et al. 2007). These rivers are approximately 8 miles west of the
Hood Canal EOD Training Range site. The closest population of bull trout in Hood Canal is in
the Skokomish River located 33 miles to the south of Hood Canal EOD Training Range site.
Hood Canal, especially the western shore, has been identified as an important foraging,
migration, and overwintering habitat for bull trout and would likely be used as the Skokomish
River core population increases in abundance (FWS 2004 volume II p. 66).
Fluvial and, potentially, anadromous bull trout are present in the South Fork Skokomish River
local population. Although there may be a residual expression of anadromy in the South Fork
population, there are currently no indications or data that suggests that individuals are entering
the marine environment. The North Fork Skokomish River local population has been isolated
above Cushman No.1 and No 2 dams for over a century, but as a result of a recent settlement
agreement, Tacoma Power is in the process of restoring fish passage to the North Fork. If fish
passage efforts are successful, there is a potential that the anadromous life history form of bull
trout could become more prevalent in the future. However, habitat degradation of nearshore
foraging, migration, and overwintering habitat from natural and human sources (Brennan 2007;
Goetz et al. 2004; PSAT (Puget Sound Action Team) 2007; Puget Sound Partnership 2008;
Puget Sound Water Quality Action Team 2002) and the distance from the Skokomish River, is
still likely to limit bull trout occurrence near the Hood Canal EOD Training Range site.
9.1.2.2 Puget Sound
Bull trout are distributed throughout most of the large rivers within Puget Sound, with the
exception of the Nisqually River, where only a few observations have been reported (USFWS
2004, p. 46). Anadromous bull trout require access to marine waters, estuaries, and lower
reaches of rivers to forage and overwinter (USFWS 2004, p. 134). It is believed that some level
of mixing and interaction within marine waters occurs among anadromous individuals from the
various core areas identified in Puget Sound. While bull trout occasionally migrate as far south
in Puget Sound as the Nisqually River, the Service’s recovery plan indicates the current
distribution of listed bull trout extends from the Canadian border to Commencement Bay and the
eastern shores of Puget Sound (USFWS 2004, p. 135). Bull trout use of Puget Sound south of
the Tacoma Narrows and along the western shore (e.g., Vashon and Bainbridge Islands), is
expected to be rare or extremely unlikely.
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The Inland Waters Crescent Harbor EOD Training Range and Naval Station Everett include the
marine portion of the bull trout Coastal Recovery Unit (RU). Bull trout from three core areas in
watersheds that drain into marine waters of Puget Sound are most likely to utilize the action
areas. Core areas represent the closest approximation of a biologically functioning unit for bull
trout (USFWS 2002, p. 98). Core areas consist of habitat that supplies all the necessary elements
for all life stages of bull trout (e.g., spawning, rearing, migration, overwintering, foraging), and
have one or more local populations of bull trout. Core areas are the basic units upon which to
gauge recovery within the RU. Bull trout present in the Crescent Harbor action area are
expected to be from the Lower Skagit, Stillaguamish, and the Snohomish/Skykomish River Core
Areas (Appendix F). Bull trout present at Naval Station Everett would be primarily from the
Snohomish/Skykomish River core area. Unique to the Coastal RU, bull trout occur in marine
nearshore waters and these areas support the complex migratory behaviors and requirements of
the anadromous form of bull trout. As such, these areas are critical to the persistence of that life
history form.
Anadromous juvenile, sub-adult, and adult bull trout utilize marine waters of the action area for
foraging, migration, and overwintering. In two telemetry studies documenting the extent of
anadromy in bull trout within portions of the Coastal RU, approximately 55 percent of the fish
tagged in freshwater emigrated to saltwater (Brenkman and Corbett 2005; Goetz et al. 2007).
Results from these studies also demonstrate that anadromous bull trout inhabit a diverse range of
estuarine, freshwater, and marine habitats.
Marine waters provide important habitat for anadromous bull trout for extended periods of time.
Data for bull trout from Puget Sound indicate that the majority of anadromous bull trout tend to
migrate into marine waters in the spring and return to rivers in the summer and fall period.
Although much less frequent, tagged fish have been detected in Puget Sound nearshore marine
waters during December and January, which indicates that some fish remain in marine waters
during the winter (Goetz et al. 2007; USGS 2008). It is thought that warmer water temperatures
in the summer may be an environmental cue that stimulates bull trout to return to freshwater.
Other factors that may influence marine residency for bull trout include prey availability,
predation risks, or spawn timing.
In general, anadromous bull trout use shallow nearshore, subtidal, and intertidal waters. In two
acoustic telemetry projects, the greatest bull trout densities were at depths greater than 2.0 to 2.5
meters, up to depths as great as 25 m (Goetz et al. 2004; USGS 2008). Upon entering marine
waters, bull trout can make extensive, rapid migrations, usually in nearshore marine areas.
However, bull trout have also been tracked crossing Puget Sound at depths greater than 183 m
(600 ft) (Goetz et al. 2012).
During the majority of their marine residency, anadromous bull trout have been found to occupy
territories ranging in size from approximately 10 m to more than 3 km within 100 to 400 m of
the shoreline (USGS 2009). Aquatic vegetation and substrate common to bull trout marine
habitat include eelgrass, green algae, sand, mud, and mixed fine substrates. Forage fish
occurrence is also correlated with these habitat features. Bull trout prey on surf smelt
(Hypomesus pretiosus), Pacific herring (Clupea pallasii), Pacific sand lance (Ammodytes
hexapterus), and other small schooling fish (Kraemer 1994).
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Some level of mixing or interaction within marine waters occurs among anadromous individuals
from various core areas and bull trout from several core areas may be present in the action area
simultaneously (Brenkman and Corbett 2007; Brenkman and Corbett 2005; Goetz et al. 2004;
Goetz et al. 2007). We expect that bull trout from the Stillaguamish, Snohomish/Skykomish, and
Lower Skagit Rivers could occur in the action area. The status of each of these core areas are
discussed in Appendix F.
Bull trout have been captured in marine waters surrounding the Crescent Harbor EOD Range
Site. In Penn Cover and Utsalady Bay, twenty bull trout were caught using beach seines from
June 1974 to July 1975 (Goetz et al. 2004). Two bull trout were captured on May 10, 2002,
during intertidal beach seining activities at the outlet of the tidegate in Crescent Harbor (Beamer
2003). These bull trout were 505 mm (19.8 inches) and 610 mm (24.0 inches) in length. 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 inches) was caught on April 29, 2002
(Heatwole, pers. comm. 2003). These samples, and the fact that bull trout migrate over deep
waters (Goetz et al. 2012), indicate that bull trout may utilize Crescent Harbor, and may be
exposed to project-related stressors.
Given the proximity of the mouth 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 Crescent Harbor
action area would be from the Lower Skagit Core Area. Although the marine waters adjacent to
the mouths of the Stillaguamish and the Snohomish Rivers are farther from the action area and
those bull trout populations are smaller, because of their migratory behavior, bull trout from
these rivers may also use the Crescent Harbor action area.
At Naval Station Everett, (approximately 2.5 miles south of the mouth of the Snohomish River),
anadromous bull trout would originate primarily from the Snohomish/Skykomish core area. Bull
trout migrating out of the Snohomish River may also move through Steamboat and Union
Sloughs and may or may not pass by Naval Station Everett. Bull trout abundance within the
Snohomish and Skykomish Rivers is estimated to be between 1000 and 2500 individuals
(USFWS 2008a, p. 35). The anadromous portion (55 percent) of the bull trout abundance would
be approximately 550 to 1,375 individuals.
9.1.2.3 Factors Affecting the Bull Trout Within the Inland Waters Subunit
9.1.2.3.1

Crescent Harbor EOD Training Range Site

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
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 °C in the summer and 7 to
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10 °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 within the Crescent Harbor portion of the action area,
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 Whidbey Island shoreline in Crescent and Oak Harbors. Extensive tidelands occur
throughout much of the area; 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. These areas provide important spawning
habitat for forage fish species such as Pacific herring, Pacific sand lance (sand lance), and surf
smelt. In general, habitat quality is good in much of the Crescent Harbor portion of the action
area, although natural habitats have been modified in areas surrounding Crescent Harbor (e.g.
NAS Whidbey Island 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.
Shoreline development as a result of urbanization, residential, and erosion are threats to bull trout
within the Crescent Harbor portion of the action area.
The Navy establishes safety zones to exclude 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. These diving operations are conducted for a number
of purposes, including proficiency training with diving systems, locating underwater objects,
maintaining personnel qualifications, practicing emergency procedures, and placing explosives
for the underwater detonation activities.
Forage fish occurring in the Crescent Harbor portion of the action area include surf smelt, Pacific
herring, and sand lance. These species spawn in multiple locations in and around Crescent
Harbor (Figure 4). Surf smelt spawn in two locations in Crescent Harbor, and throughout Oak
Harbor (Harbor west of Crescent Harbor), Penn Cove, and along the north and west shores of
Camano Island. Sand lance spawn in the same general locations as surf smelt, but the spawning
grounds are much smaller. The nearest Pacific herring spawning location is at Snakelum Point,
southwest of Crescent Harbor.
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The Skagit Bay herring stock is currently one of the larger stocks in Puget Sound. A pre-spawn
holding area is located in a passage just outside of Crescent Harbor (Figure 4) (WDFW 2015).
The entire pre-spawn holding area is in the portion of Crescent Harbor that will be affected by
the proposed action. Spawning occurs from February to mid-April with peak spawning
occurring at the end of February and the beginning of March (Stick et al. 2014, p.38). Spawning
biomass is used to estimate overall abundance. From 2008 to 2012, the mean spawning biomass
was 738 tons based upon acoustic/trawl surveys. The 2012 stock summary indicates the 2-year
stock status is depressed, and data quality is fair (Stick et al. 2014, p. 29).

Figure 4. Sand lance, surf smelt and Pacific herring spawning locations and pre-spawn holding
area for Pacific Herring within and surrounding Crescent Harbor (WDFW 2015).

Under the Sikes Act, the Navy drafts and implements Integrated Natural Resource Management
Plans (INRMPs) to provide for long term planning of natural resources at Navy installations.
INRMPs ensure natural resources conservation measures and military operations are integrated
and consistent with the military mission. Within the INRMPs, projects are defined to protect,
conserve, and manage the waters and improve habitat for listed species at the installation.
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Within Crescent Harbor, as part of their INRMP at NAS Whidbey Island, the Navy is studying
the presence of ESA-listed species and their habitat through 2022. Ongoing forage fish surveys
are occurring to determine presence, location, and timing of forage fish spawning around the
installation. At NAS Whidbey Island, eelgrass surveys are conducted as needed to minimize and
avoid eelgrass impacts from construction projects.
Under the NAS Whidbey Island INRMP, the Navy has completed two restoration projects to
increase habitat for listed salmon species, forage fish, and other prey species. The Crescent
Harbor Salt Marsh Restoration Project restored approximately 300 acres and the Maylor Beach
Restoration Project restored approximately 2,000 feet of beach area.
9.1.2.3.2

Naval Station Everett

Naval Station Everett has approximately 1.9 miles of shoreline, which is entirely armored with
riprap and seawalls (Navy 2015, p. 2-1). Six piers and a marina, totaling 11.5 acres of overwater
structure are found at Naval Station Everett. Piers A and B support the bulk of the installation
fleet support operations.
The armored shoreline contains habitat that is simplified, with little to no structure for bull trout
or their prey species. We expect that bull trout will primarily use the shoreline as a migratory
corridor and to forage on prey along the shoreline. The closest documented forage fish spawning
area is located approximately 1.1 miles to the south of Naval Station Everett. Jetty Island Park, a
2-mile man-made island located across the Snohomish River for Naval Station Everett, provides
habitat for invertebrates and salmonids migrating through the area. Figure 5 indicates the sand
lance and surf smelt spawning locations surrounding Naval Station Everett (WDFW 2015). No
aquatic vegetation is located in or around Naval Station Everett.
The Navy has conducted fish and forage fish surveys at Naval Station Everett to determine
presences of ESA listed species and to document presence and spawning of forage fish.
Water quality in Port Gardner, along Naval Station Everett, is highly influenced by discharge of
the Snohomish River, stormwater discharge from the City of Everett, and industrial use of the
piers and marinas that exist along the Everett waterfront.
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Figure 5. Sand lance and surf smelt spawning locations surrounding Naval Station Everett.
(WDFW 2015)

9.1.2.4 Conservation Role of the Crescent Harbor Portion of the Action Area for Bull Trout
The Crescent Harbor EOD Training Range Site and Naval Station Everett are within the Coastal
RU. Maintaining viable populations of bull trout is essential to the conservation of species
within each of the core areas, the RU, and the conterminous listing. Marine waters of Puget
Sound are critical in supporting the bull trout anadromous life history form due to their complex
migratory patterns associated with foraging and overwintering (USFWS 2015b, p. A-1, A-4).
The marine waters provide important foraging habitat including eelgrass and kelp for prey
species such as juvenile salmon, Pacific herring, surf smelt, and sand lance. In addition, the
marine environment provides a migratory corridor for bull trout from their natal streams to other
locations within Puget Sound or nearby watersheds to forage and overwinter.
In summary, bull trout from three nearby core areas are expected to use the Crescent Harbor and
Naval Station Everett portions of the action area year round. Skagit Bay contains shallow water
at low tide enabling larger juvenile, sub-adult, and adult bull trout from the Skagit River to
migrate to the nearshore of Whidbey Island and Crescent Harbor. The conservation role of the
action area will function as foraging, migration, and overwintering habitat necessary for bull
trout recovery (USFWS 2004, p. 20). Marine nearshore and estuarine habitats are highly
productive due to the complexity of habitats and nutrient inputs (USFWS 2004, p. 43).
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The primary threat to the Puget Sound marine area is development and urbanization that degrade
or eliminate nearshore marine and estuarine habitats and processes critical to the persistence of
the anadromous life history form and their marine prey base. The marine environment, the
Crescent Harbor EOD Training Range Site, and Port Gardner are essential to the recovery of bull
trout within the three core areas, the Coastal RU, and the coterminous United States.
Similar to NAS Whidbey Island, the Navy at Naval Station Everett, under their INRMP, has
conducted fish studies to determine seasonal and resident presence of ESA-listed species and
their habitat. The project is ongoing through 2022. Forage fish surveys are ongoing to
determine presence, location and timing of forage fish spawning around the installation.
9.2 Status of the Marbled Murrelet in the Action Area
The action area for the proposed action encompasses the marine environment component of the
rangewide distribution of the marbled murrelet (Figure 6). As such, please refer to the
discussion of the range-wide status of the marbled murrelet presented in Appendix D. The
environmental baseline analysis for the marbled murrelet also addresses the relationship of the
current condition and conservation role of the action area to marbled murrelet recovery units.
The Recovery Plan for the Marbled Murrelet identifies 6 broad “Marbled Murrelet Conservation
Zones” across its range. These Conservation zones were assigned recovery goals and objectives
(USFWS 1997b, p. 114) and, on that basis, they function as RUs. Their assigned conservation
role is to support persistent populations of the murrelet across its range.
Conservation Zones 1 and 2 are within the action area. Conservation Zones 3, 4, and 5 are
between the shoreline and the action area, but are not within the action area. However, we
expect that activities occurring in the action area offshore of Conservation Zones 3, 4, and 5
could affect marbled murrelets associated with these Zones. Additionally, we expect that
individual marbled murrelets from any of the Conservation Zones (1 through 6) could occur in
the action area due to the birds’ transient nature.
Murrelets abundance is declining, primarily because of nesting habitat loss and degraded marine
habitat conditions, which has led to low reproductive success. The action area includes
terrestrial and marine areas that provide both nesting and foraging habitat, and both are
considered essential to marbled murrelet survival and recovery.
The information we considered in our exposure analysis is summarized below. This information
relates to marbled murrelet occurrence and habitat use in both the marine and terrestrial settings
within the action area. The Navy described distances as km and nautical miles (nm). Bird
density is typically reported in birds per km2. Our exposure analysis describes area in marine
waters as nm2. As such, we provide areas in both km2 and nm2 to allow easier synthesis of
effects and conversion between number of birds present/exposed and the units that describe area
of effect.
Telemetry studies indicate that some mixing of marbled murrelet subpopulations between
Conservation Zones occurs in Conservation Zones 1 and 2 (Bloxton and Raphael 2006), although
further south along the coast, the likelihood of such a mixed population is reduced, but not
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impossible, during the nesting season. With the possible exception of Zone 6, the Conservation
Zones are not necessarily occupied by discrete subpopulations of the marbled murrelet; however,
for management and consultation purposes, the Service uses the Conservation Zones as a way to
divide and describe marbled murrelet populations into discrete segments that are recognized as
Recovery Units for purposes of the jeopardy analyses under section 7(a)(2) of the ESA. We
expect there is some movement of individual marbled murrelets between Zones, although there is
insufficient telemetry data to quantify the frequency or extent of that movement.
The presence of marbled murrelets at inland sites during the non-nesting season indicates that
some birds may stay in the vicinity of a nest site during non-nesting periods. Marbled murrelets
within the action area could originate from any of the six Conservation Zones designated for this
species in the final recovery plan for the marbled murrelet (USFWS 1997b) (Figure 6).
9.2.1

Marbled Murrelets in the Marine Environment

Much of what we know about marbled murrelet use of the marine environment comes from longterm population trend sampling for to the Northwest Forest Plan’s effectiveness monitoring
program (NWFPEM). To monitor population trends, the Forest Service conducts an annual
census of marbled murrelets at-sea (including the Strait of Juan de Fuca and Puget Sound). The
sampling plan subdivides each Conservation Zone into Strata and within each Stratum into
smaller Primary Sampling Units (PSUs; Figure 7). Strata are surveyed at the PSU scale.
Marbled murrelet densities can then be estimated at the Stratum level, but not at the smaller PSU
scale because marbled murrelet occurrence in the marine environment is highly variable. The
PSU sampling scheme was carefully designed to provide information about densities at the larger
Stratum level, densities that are intended to inform a long-term trend analysis.
The sampling protocol for the NWFPEM is designed to determine long-term marbled murrelet
population trends, not to estimate marbled murrelet density. Each PSU is typically sampled only
once or twice in a given year, which is inadequate to determine a density estimate at the
individual PSU scale unless several years of data are averaged. More appropriate use of the data
is to average several years at the stratum level or Conservation Zone level to reduce the amount
of error. This results in more accurate estimates of marbled murrelet density. We use density
data at the scale of the stratum or Conservation Zone (whichever is most appropriate) to describe
the baseline conditions for the marbled murrelet within an action area.
Marbled murrelets are known to consume prey from at least 27 taxa (McShane et al. 2004, p. 57). Stomach content analysis is difficult in a threatened seabird, so the most recent studies have
relied on at-sea observations of birds holding fish (Day and Nigro 2000; Kuletz 1997, p. 4;
McShane et al. 2004; Speckman et al. 2003), and sampling in-situ where foraging occurs (Becker
and Beissinger 2003b; Henkel and Harvey 2006; McShane et al. 2004; Ostrand et al. 1998), as
well as from use of stable isotopes (Becker 2001). Very little is known about the diet of marbled
murrelets south of Alaska and British Columbia. It is believed that their diet north of
Washington is dominated by sand lance, herring, and capelin, while in the southern portions of
the range it is dominated by northern anchovy, surf/night smelt, and herring (McShane et al.
2004, p. 5-9).
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Figure 6. Marbled Murrelet Conservation Zones in the Northwest Forest Plan.
(USFWS 1997b)
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We expect marbled murrelet presence in marine waters is driven by prey availability. Prey
availability varies depending on a variety of factors, but especially upwelling conditions created
by seawater temperature changes and seafloor topography. The foraging habits of marbled
murrelets change depending on whether they are nesting and provisioning young. When
breeding, they tend to forage closer to shore, primarily on small pelagic fish. This allows them
to efficiently provision young. During non-breeding they disperse and can be found much
farther offshore foraging on both small fish and crustaceans.
The Navy implements INRMPS both within and outside the action area. These INRMPS may
benefit the marbled murrelet. At Naval Air Station Whidbey Island, two restoration projects
have increased habitat for forage fish. The Crescent Harbor Salt Marsh Restoration Project
restored approximately 300 acres and the Maylor Beach Restoration Project restored
approximately 2,000 feet of beach area. Outside the action area, the Jim Creek INRMP protects
marbled murrelet nesting habitat and designated critical habitat.
9.2.1.1 Offshore Area Subunit
Outside the early to mid-nesting season, marbled murrelets in the Offshore Area Subunit could
be from any of the Conservation Zones. Birds from Zone 5 have been documented moving up
into Washington State Conservation Zones towards the end of the breeding season (Hebert and
Golightly 2006; Peery et al. 2004). For these reasons, we assume that marbled murrelets in the
Offshore Area Subunit portion of the action area could be from any of the Conservation Zones,
regardless of the season.
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Figure 7. NWFPEM Primary Sampling Units for At-Sea Survey of Marbled Murrelets in
Washington.
(Falxa et al. 2009)

Although we have previously assumed that marbled murrelets would not be present farther than
five miles from shore (USFWS 2010, p. 87), a recent survey report prepared for the Bureau of
Ocean Energy Management (Adams et al. 2014, pp. 32-33, 214-216) and supporting geospatial
data (USGS 2015) prompted us to reevaluate this assumption (Figure 8, Figure 9). This dataset
includes observations of marbled murrelets at four different locations ranging from 13 to 32 nm
from shore during November of 2011 and February of 2012. Given that these data were
collected via aerial surveys, and with Beaufort Sea State ranging up to 5 (29-38 km/h wind
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speed) (Adams et al. 2014, p. 5), it is very likely that the density and distribution of marbled
murrelets were underestimated. Aerial surveys have been documented to result in marbled
murrelet density estimates less than half of those generated from boat-based surveys, likely due
to a variety of factors including marbled murrelet avoidance diving in front of the airplane and
high sensitivity to visibility conditions (Strong et al. 1995, pp. 347-348); but see (Henkel et al.
2007, p. 148-149), for a contrasting result). We were unable to find any boat-based survey
datasets covering the activity area at these or greater distances from shore during the months of
January through April.
To predict the exposure and density of marbled murrelets in the Offshore Area Subunit further
than 1.9 km (1.04 nm) offshore, we must use a different approach than in the coastal and inland
waters where the NWFPEM provides marbled murrelet density data at the scale of Conservation
Zone and/or at the Stratum Level. Although the NWFPEM describes marbled murrelet density
at the scale of the Conservation Zone, the information is limited because coastal surveys only
extend between 1.6 km and 8 km (0.9 nm to 4.3 nm) from shore. The NWFPEM surveys target
the marbled murrelet population defined by an area of navigable waters within 3 km to 8 km (1.6
nm to 4.3 nm) of shore, but the distances vary by Conservation Zone (Falxa and Raphael 2015,
p. 10). For density in coastal areas, we applied the density information from NWFPEM summer
surveys to a distance of 5.6 km (3 nm) from shore for Washington, Oregon, and California.
Marbled murrelet populations are concentrated closer to the shore in summer (April to
September) than in winter (October to March) (Piatt et al. 2007a; Piatt et al. 2007b).
To estimate the exposure and density of marbled murrelets further than 1.9 km (1.04 nm)
offshore we instead used marbled murrelet density data from Menza et al. (2015), who surveyed
for marbled murrelets approximately 92.6 km (50 nm) from the coast of Washington, Oregon,
and California. During the summer, the likelihood of a marbled murrelet being beyond the
continental shelf is so low that we consider it discountable. We expect that warmer water near
the shoreline may push food further from shore, which may cause murrelets to move further from
shore; however, we do not expect this effect to persist beyond the continental shelf due to
changes in ocean topography and deeper water that are not used by murrelets. Other
assumptions the Service made about the presence and density of marbled murrelets in the
Offshore Area Subunit, especially during the summer and winter include:
•

Most areas where the Navy will perform training and testing activities are farther
offshore than the area covered by the NWFPEM surveys.

•

Menza et al. (2015) survey methods included transect configurations that were not ideal
for detecting marbled murrelets, yet they still documented presence; although they likely
predicted lower abundance of marbled murrelets than were actually present.
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•

It is not clear whether the small number of marbled murrelet observations offshore is due
to an actual rarity of marbled murrelets in these areas, or to a lack of survey effort that
might be expected to detect them. Therefore, we assume that outside of the warm season,
marbled murrelets will be present farther than 12 nm from shore. This assumption was
informed by data from Alaskan populations of marbled murrelets showing that
approximately 18 percent of marbled murrelets were found between 50 km and 300 km
(27 nm to 162 nm) from shore during the non-breeding season (Piatt and Glenn 1993, pp.
664-665).

Given the lack of survey data covering the winter and early spring months in the activity area, we
cannot rule out the possibility of similar seasonal patterns of marbled murrelet use of offshore
habitats in the activity area, and in a “reasonable worst-case” scenario, marbled murrelets may be
exposed to activities taking place anywhere within the offshore activity area.

Figure 8. Mean density (birds/km2) of marbled murrelets in October (non-breeding) and
September (breeding).
(Adams et al. 2014)
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Figure 9. Mean density (birds/km2) of marbled murrelets in October (non-breeding) and
September (breeding).
(Adams et al. 2014)

During the breeding season (April through September), marbled murrelet density in the Offshore
Area Subunit (beyond the areas surveyed by the NWFPEM) is expected to be much lower than in
the nearshore coastal and inland Waters. During the summer, it is assumed that 5 percent of
marbled murrelets detected during NWFPEM are offshore (the NWFPEM effort detects
approximately 95 percent of the population, and the remaining 5 percent are assumed to be
offshore), but not beyond the continental shelf (37 km, or 20 nm). The following tables (7
through 10) below show the density estimates for marbled murrelets detected by NWFPEM in
Conservation Zones 2, 3, 4, and 5 (6 is not included because it is not part of the NWFPEM
program).
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Table 7. Marbled murrelet population estimates and densities in Conservation Zone 2 from
2001 to 2015
Conservation Zone 2 – Stratum
All
1
2
Year
Density
Population
Density
Population
Density
Population
2
2
2
(birds/km )
Estimate (birds/km ) Estimate
(birds/km )
Estimate
2001
0.90
1,518
1.43
1,040
0.50
478
2002
1.23
2,031
2.45
1,774
0.28
258
2003
2.41
3,972
2.64
1,912
2-23
2,061
2004
1.82
3,009
3.37
2,444
0.61
565
2005
1.56
2,576
2.79
2,018
0.60
558
2006
1.46
2,381
2.26
1,638
0.80
743
2007
1.54
2,535
2.85
2,065
0.51
470
2008
1.17
1,929
2.58
1,872
0.06
57
2009
0.77
1,263
1.61
1,166
0.11
97
2010
0.78
1,286
1.34
968
0.34
318
2011
0.72
1,189
1.31
952
0.26
237
2012
0.72
1,186
1.18
853
0.36
333
2013
0.77
1,271
1.61
1,163
0.12
108
2014
1.32
2,176
2.88
2,086
0.10
90
2015
1.94
3,204
2.85
2,064
1.23
1,140
(Lynch et al. 2016, pp. 10-13)

Table 8. Marbled murrelet population estimates and densities in Conservation Zone 3 from 2001
to 2015
Conservation Zone 3 - Stratum
All
1
2
Year
Density
Population
Density
Population
Density
Population
(birds/km2) Estimate (birds/km2) Estimate
(birds/km2)
Estimate
2001
4.64
7,396
1.72
1,140
6.70
6,257
2002
3.58
5,716
0.70
460
5.62
5,256
2003
3.69
5,881
1.19
788
5.45
5,093
2004
5.05
8,058
1.72
1,137
7.41
6,921
2005
3.67
5,854
0.81
534
5.69
5,320
2006
3.73
5,953
1.03
684
5.64
5,269
2007
2.52
4,018
0.53
348
3.93
3,670
2008
3.86
6,153
0.34
223
6.35
5,930
2009
3.70
5,896
0.65
430
5.85
5,467
2010
4.50
7,184
1.07
708
6.93
6,476
2011
4.66
7,436
0.98
648
7.26
6,788
2012
3.99
6,359
0.90
591
6.17
5,768
2013
4.94
7,880
0.99
655
7.73
7,225
2014
5.54
8,841
1.48
976
8.42
7,864
2015
No data
No data
No data
No data
No data
No data
(Lynch et al. 2016, pp. 10-13)
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Table 9. Marbled murrelet population estimates and densities in Conservation Zone 4 from 2001
to 2015
Conservation Zone 4 - Stratum
All
1
2
Year
Density
Population
Density
Population
Density
Population
2
2
2
(birds/km )
Estimate (birds/km ) Estimate (birds/km ) Estimate
2001
3.28
3,807
4.57
3,351
1.07
456
2002
4.11
4,766
5.19
3,805
2.26
961
2003
3.81
4,412
4.96
3,640
1.82
773
2004
4.27
4,952
5.33
3,911
2.45
1,041
2005
3.17
3,673
4.49
3,292
0.90
381
2006
3.41
3,953
4.82
3,538
0.98
416
2007
3.23
3,749
4.73
3,470
0.66
279
2008
4.56
5,285
6.39
4,685
1.41
600
2009
3.79
4,388
5.30
3,892
1.17
497
2010
3.16
3,665
3.77
2,769
2.11
896
2011
5.20
6,023
6.72
4,933
2.56
1,090
2012
4.28
4,960
6.05
4,439
1.23
521
2013
5.22
6,046
7.38
5,418
1.48
629
2014
No data
No data
No data
No data
No data
No data
2015
7.54
8,743
9.90
7,262
3.48
1,481
(Lynch et al. 2016, pp. 10-13)

Table 10. Marbled murrelet population estimates and densities in Conservation Zone 5 from
2001 to 2015
Conservation Zone 5 - Stratum
All
1
2
Year
Density
Population
Density
Population
Density
Population
(birds/km2)
Estimate (birds/km2) Estimate (birds/km2) Estimate
2001
0.12
106
0.20
87
0.04
19
2002
0.28
249
0.51
225
0.05
24
2003
0.06
48
0.11
48
0.00
-2004
0.10
88
0.09
40
0.11
47
2005
0.17
249
0.14
62
0.20
87
Interpolated
Interpolated
Interpolated
2006
89
69
65
2007
0.03
30
0.07
30
0.00
-2008
0.08
67
0.07
29
0.09
38
Interpolated
Interpolated
Interpolated
2009
90
55
36
Interpolated
Interpolated
Interpolated
2010
114
81
33
2011
0.16
137
0.24
107
0.07
30
Interpolated
Interpolated
Interpolated
2012
104
89
15
2013
0.08
71
0.16
71
0.00
-2014
No data
No data
No data
No data
No data
No data
2015
No data
No data
No data
No data
No data
No data
(Lynch et al. 2016, pp. 10-13)
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Very little survey information is available for marbled murrelets beyond the nearshore coastal
areas. However, there are observations of marbled murrelets in offshore areas. For example,
marbled murrelets in Alaska were found approximately 298 km (161 nm) during the nonbreeding season (October through March) (Piatt et al. 2007a). In March of the early 1980’s, low
altitude aerial surveys off California found marbled murrelets approximately 26 km (14 nm)
offshore just north of Cape Mendocino (OBIS SEAMAP 2015). Surveys by the Bureau of
Ocean Energy Management found a number of marbled murrelets approximately 60 km (32 nm)
offshore in October of 2011 just south of Cape Mendocino in northern California (Adams et al.
2014). Marbled murrelets were also found off the Oregon coast, west of Newport,
approximately 46 km (25 nm) offshore in February 2012 (Adams et al. 2014). Although ocean
conditions may be different in Alaska, we believe that the previous studies indicate marbled
murrelet presence farther offshore than previously known. We do not know the proportion of the
population that occurs offshore during the non-breeding season.
Therefore, based on best available information, it is reasonable to assume that marbled murrelets
may be anywhere that training and testing activities are being conducted in the action area during
winter. In the summer, we expect that marbled murrelet density beyond 12 nm from shore is so
low that the likelihood of exposure to project stressors is discountable (i.e., extremely unlikely).
We expect that the birds are present in offshore areas because prey resources are found there.
Marbled murrelet prey density and distribution in offshore areas changes in response to changing
ocean conditions. During the non-breeding season we expect that marbled murrelets respond to
prey availability by moving further offshore in search of crustaceans and small fish.
Given the lack of survey data covering the winter and early spring months in the activity area, we
cannot rule out the possibility of similar seasonal patterns of marbled murrelet use of offshore
habitats in the activity area, and in a “reasonable worst-case” scenario, marbled murrelets may be
exposed to activities taking place anywhere within the offshore activity area.
9.2.1.1.1

Factors Affecting the Marbled Murrelet Environment within the Offshore Area
Subunit

Marbled murrelets spend over 90 percent of their lives at sea (Ballance et al. 2001), and they are
entirely dependent on the marine environment for food. At sea, marine birds typically associate
with physical processes that enhance productivity and/or aggregate prey (Ballance et al. 2001;
Hunt Jr. et al. 1999). In offshore areas, marbled murrelets are generally associated with areas
characterized by higher relative tidal speeds, greater depths, steeper ocean floor slopes, less
freshwater inflow and proximity to sandy beaches (Barrett 2008; Barrett et al. 2008). We expect
that these conditions combined with sea temperature are conducive to providing prey for marbled
murrelets. Sea surface temperature patterns may be indicative of areas of enhanced or reduced
primary productivity (Becker et al. 2007), and have been associated with seabird, forage fish, and
zooplankton distributions (Abookire and Piatt 2005; Raya Rey et al. 2007). Evidence suggests
that marbled murrelets change their foraging tactics as their needs and/or local oceanographic
conditions change (Barrett 2008; Barrett et al. 2008).
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A reliable prey supply is critical during the breeding season when energy demands are highest
(Hull et al. 2001) and provisioning parents are traveling approximately 50 miles (80 km) inland
to feed chicks, if not further. Because marbled murrelets only deliver a single fish per trip to the
nest, and must rely on high-energy flapping flight, they may be especially sensitive to
commuting costs (Hull et al. 2001). Due to the energetic costs and risks associated with
commuting, a breeding marbled murrelet may be faced with a tradeoff between seeking an
optimal inland nesting site, characterized by low predation danger, suitable microhabitat features
and close proximity to flyways (Ralph et al. 1995), and remaining within reasonable distance of
a profitable marine foraging patch (Barrett 2008, p. 3). Variations in the performance of seabird
populations, including reduced productivity (Abraham and Sydeman 2004), increased foraging
effort (Ronconi and Burger 2008), and adult mortality (Jones et al. 2002), have been correlated
with shifts in oceanographic conditions, particularly during extreme events such as El Nino
(Gaston and Smith 2001).
During the breeding season marbled murrelets tend to forage in well-defined areas along the
coast in relatively shallow marine waters (Carter and Sealy 1990), mainly eating sand lance
(Ammodytes hexapterus), smelt (Hypomesus spp.), Pacific herring (Clupea pallasii), capelin
(Mallotus spp.), and various other fish (Strachan et al. 1995, p. 247). Other small schooling
fishes that marbled murrelet eat include anchovy (Engraulidae spp.), osmerids (Osmeridae spp.),
and sea perch (Percidae spp.), with fish being more important in the summer, and coinciding
with the nestling and fledgling period (Burkett 1995, p. 223). During the breeding season,
marbled murrelets generally forage within 2 km (1.1 nm) of the shore in relatively shallow
waters in Washington, Oregon, and California, but disperse during the non-breeding season, and
can be found farther from shore (Strachan et al. 1995, p. 247). Off the coast of California, in
waters up to 2,000 meter depths, marbled murrelets were found 24 km (13 nm) offshore during
the breeding season and were thought to be attracted to recently upwelled waters, where the
availability of potential prey species were more abundant (Ainley et al. 1995, p. 361).
During the non-breeding season, marbled murrelets are less concentrated in the immediate
nearshore coastal waters (Strachan et al. 1995, p. 247) and are much farther offshore (Menza et
al. 2015). Their behavior at sea is poorly known (Strachan et al. 1995, p. 247). However, it is
evident that their summer and winter diets differ, with euphausiids and mysids becoming more
the more dominant prey items during winter and spring (Burkett 1995, p. 223). An analysis of
the availability of potential prey species indicated that marbled murrelets were most abundant
when more euphausiids were found in areas that were far offshore (Ainley et al. 1995, p. 361).
In winter and spring, the primary types of invertebrate prey include euphausiids (e.g., krill, such
as Euphausia pacifica, Thysanoessa spinifera), mysids (e.g., opossum shrimp, Hemimysis
anomala), and amphipods (Gammarus roeseli) (Burkett 1995, p. 223). In spring, the euphausiid,
T. spinifera, may be more important than sand lance in the diets of adults and subadults.
Euphausiids role in murrelet diets diminish greatly after the early part of the breeding season
(Burkett 1995, p. 224). However, T. spinifera remained important in the diet of adult ancient
murrelets (Synthliboramphus antiquus) through mid-July (Burkett 1995, p. 224). Sealy (1975)
attributed this difference in diet to the offshore movement of E. pacifica (affinity for deeper
water than T. spinifera) and, to some extent, offshore movement of T. spinifera as the spring
progressed and water temperature rose. Sealy (1975) found that adult ancient murrelets feed
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further offshore than marbled murrelets or juvenile ancient murrelets because the food supply of
the ancient murrelet was spotty and unpredictable. We expect that small crustaceans, like krill,
opossum shrimp, and amphipods in offshore areas are important food resources for non-breeding
marbled murrelets during winter and spring.
The importance of both sea surface temperature and nearshore environment most likely reflect
associations with prey abundance and availability (Barrett et al. 2008, p. 38). At sea, prey can be
concentrated in upwellings, currents, and eddies (Kuletz 2005). Haynes et al. (2007) suggests
that marbled murrelets forage in shallower waters when feeding young and may target deeper
waters when foraging for themselves. Sea surface temperatures were consistently the most
important predictor of marbled murrelet marine habitat selection, with nearshore environment
features close in importance (Barrett et al. 2008, p. 38). Oceanographic features were generally
less important than sea surface temperature, environment, and distance to nest site, in predicting
the probability densities of marbled murrelets at-sea (Barrett et al. 2008, p. 39). Oceanic
warming is driving a shift from cool productive sub-arctic ocean conditions toward a warm
subtropical marine environment that is less productive (Di Lorenzo et al. 2005). We expect a
marbled murrelet’s ability to locate prey in the marine environment will become increasingly
difficult because of climate-change-related effects in the marine environment.
Warm nearshore conditions may inhibit breeding activity and reduced prey availability in warm
seas is a likely cause (Burger 2000, p. 723). Becker and Beissinger (2003a, p. 243) predicted
that marbled murrelet habitat selection would vary with upwelling intensity and prey availability.
Prey-aggregating mechanisms should be more important under low upwelling scenarios when
cool, productive water is more limited, and marbled murrelets should forage closer to nesting
habitat when prey availability is high. This was generally the case, as marbled murrelets selected
cooler locations when upwelling was low and locations closer to nesting habitat when upwelling
was high. Marbled murrelets also selected cool water (higher quality habitat) when prey
availability was low and were associated with prey schools when prey availability was high
(Becker and Beissinger 2003a, p. 243). Marbled murrelets occurred farther from nesting flyways
in years when spring upwelling was low and when food webs were depressed and other seabirds
failed to reproduce (Becker and Beissinger 2003a, p. 243). Based on the behavior of marbled
murrelets and other seabirds when prey availability is poor, we expect that marbled murrelets
move further offshore to locate alternative prey resources.
Many threats to adult murrelets tend to occur in the marine environment. Marbled murrelet
populations are sensitive to small increases in adult mortality (Piatt and Naslund 1995) and
population dynamics are most strongly affected by adult survivorship (Beissinger 1995).
Reductions in prey quantity and quality in marine areas, inland and offshore, are expected to
affect marbled murrelet fitness because they rely on both areas for sources of prey. We expect
that degraded marine habitat reduces the quantity and quality of prey abundance for marbled
murrelets.
Anthropogenic threats in the marine environment are posed by oil spills, by-catch in gill nets,
fish farms, coastal urbanization, recreation (Burger 2002; Burger and Chatwin 2002; Piatt et al.
2007), pollution, commercial shipping, commercial and recreational fishing, invasive species,
benthic structures, and climate change, including ocean acidification, ultraviolet radiation, and
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changes in sea temperatures (Falxa and Raphael 2015, p. 160). Military training and testing
activities are also expected to result in additional anthropogenic stressors that are described in the
effects section of this Opinion. Within the terrestrial environment, the trend towards warmer,
drier summers along the Pacific coast has favored increased fire frequency and intensity (Littel et
al. 2009). This change may be contributing to nesting habitat loss from fire (Falxa and Raphael
2015, p. 167), while drier summers also reduce epiphyte growth on branches, thereby degrading
the suitability of platforms for nesting (Falxa and Raphael 2015, p. 167; Malt and Lank 2007).
9.2.1.2 Inland Waters Subunit
The Inland Water Subunit is within Conservation Zone 1, which encompasses all of Puget Sound
and the Strait of Juan de Fuca. Within the Inland Water Subunit, marbled murrelets tend to
forage in well-defined areas during the breeding season. They are found in the highest densities
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,
with smaller numbers observed during different seasons within the Nisqually Reach, Possession
Sound, Skagit Bay, Bellingham Bay, and along the eastern shores of Georgia Strait. In the most
southern end of Puget Sound, they occur in extremely low numbers. During the non-breeding
season, they typically disperse and are found farther from shore (Strachan et al. 1995).
It appears that marbled murrelets from Vancouver Island, British Columbia move into more
sheltered waters in Puget Sound and the Strait of Georgia, which contributes to increased
numbers of murrelets in Puget Sound in fall and winter (Burger 1995). Surveys along the
southern shore of the Strait of Juan de Fuca conducted by the Washington Department of Fish
and Wildlife from 1996-1997 (Thompson 1997) showed an increase in the number and group
size of marbled murrelets in August in the eastern Strait of Juan de Fuca, although numbers
declined in the western portion of the Strait of Juan de Fuca. Surveys in the near-shore waters of
the San Juan Islands (Evans and Asso. Inc. 1999; Ralph et al. 1995) showed a similar increase in
abundance in August and September. Increases in abundance have been detected as well in
September and October during surveys of Admiralty Inlet, Hood Canal, Saratoga Passage, and
Possession Sound (Merizon et al. 1997). A breeding marbled 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).
Marbled murrelet presence in the Inland Water Subunit is documented by several sources. The
most accurate information comes from the consistent sampling method used to estimate
population size and trends under the NWFPEM (Raphael et al. 2007). Since 2000, the estimated
population size for Conservation Zone 1 has ranged from a low of 2,822 marbled murrelets in
2014 to a high of 9,758 in 2002 (Table 11) (Lynch et al. 2016, p. 13). The most recent (2015)
estimated population for Conservation Zone 1 is 4,290 marbled murrelets (2,783-6,492, the
upper and lower 95 percent confidence intervals, upper and lower confidence intervals are not
listed in Table 11, see Lynch et al. 2016 for the data) (Lance and Pearson 2016, p. 4; Lynch et al.
2016, p. 13). Since 2001, the estimated marbled murrelet density in Conservation Zone 1 has
ranged from 0.81 to 2.79 marbled murrelets per km2, with the most recent (2015) density of 1.23
birds per km2 (Lynch et al. 2016, p. 13).
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Table 11. Marbled murrelet population estimates and densities in Conservation Zone 1 from
2001 to 2015
Year

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
2015

All
Density
Population
(birds/km2)
Estimate

2.55
2.79
2.43
1.56
2.28
1.69
2.00
1.34
1.61
1.26
2.06
2.41
1.26
0.81
1.23

8,936
9,758
8,495
5,465
7,956
5,899
6,985
4,699
5,623
4,393
7,187
8,442
4,395
2,822
4,290

Conservation Zone 1 - Stratum
1
2
Density
Population
Density
Population
(birds/km2)
Estimate (birds/km2)
Estimate

4.51
7.21
6.64
3.83
2.50
2.76
3.45
3.57
3.81
2.00
5.58
7.17
2.38
1.26
2.22

3,809
6,092
5,617
3,241
2,114
2,333
2,912
3,019
3,221
1,694
4,717
6,056
2,010
1,063
1,875

1.76
1.88
1.44
1.51
2.43
1.42
1.22
0.90
0.69
1.78
1.24
1.51
0.66
1.27
1.95

2,111
2,248
1,721
1,807
2,895
1,693
1,453
1,073
822
2,128
1,484
1,799
784
1,521
2,321

3
Density
(birds/km2)

Population
Estimate

2.07
0.97
0.79
0.29
2.02
1.28
1.80
0.42
1.08
0.39
0.68
0.40
1.10
0.16
0.06

3,016
1,419
1,156
417
2,947
1,873
2,620
607
1,580
571
986
587
1,600
238
94

Sources: (Lance and Pearson 2016, p. 4; Lynch et al. 2016, pp. 10-13)

Additional data on marbled murrelet abundance and distribution come from multiple sources that
employ a variety of survey methods to answer various research questions. The estimated postfledging juvenile to adult ratios were derived from a comprehensive survey of Inland Waters of
Washington in the month of August (Stein and Nysewander 1999). Merizon et al. (1997)
focused on marbled murrelet numbers and distributions in areas where fall tribal fisheries
occurred. Estimates of marbled murrelet densities was a by-product of the summer boat (19921999) and winter aerial (1993-2005) sampling of seabird populations undertaken by the
Washington Department of Fish and Wildlife with the Puget Sound Ambient Monitoring
Program.
We expect marbled murrelet density to be higher during winter in the nearshore waters of
northern and eastern Puget Sound. Many of the Navy’s training and testing activities will occur
in these areas. Marbled murrelet density is anticipated to be the lowest near the most southern
end of Puget Sound. The most recent estimate of the population in Inland Waters (Conservation
Zone 1, all Stratums) is 4,290 marbled murrelets, with a density of 1.23 marbled murrelets per
km2 (Table 11, above).
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9.2.1.3 Summary of Marbled Murrelet Marine Distribution in the Action Area
Based on the above discussion and referenced information on murrelet use of marine habitats,
and the discussion in the Status of the Species section for the murrelet, the Service has made the
following findings regarding the distribution of the murrelet population in the action area:
•

During the breeding season, murrelets are located primarily in nearshore areas, typically
within 5 km (2.7 nm) adjacent to landscapes that provide large areas of nesting habitat.
Approximately 95 percent of the population occurs in this nearshore zone during the
breeding season, while the remaining 5 percent are assumed to be dispersed in offshore
areas farther than 5 km (2.7 nm), but not beyond the continental shelf, the distance of
which varies, but is approximately 37 km (20 nm) from the shoreline (Bentivoglio et al.
2002, pp. 22, 29, 34, 40; Menza et al. 2015, p. 49). For the purpose of this analysis, the
Service assumes the density of murrelets in offshore waters farther than 22 km (12 nm) is
so low that they are unlikely to be observed during the breeding season.

•

Seasonal movements and redistribution of marbled murrelets occurs during the fall and
winter months. In Puget Sound, there is evidence that marbled murrelet densities
increase as marbled murrelets from the outer coasts of Washington and British Columbia
move into the protected, inland waters of Puget Sound (Speich and Wahl 1995). For the
purpose of this analysis, the Service assumes the density of murrelets in Conservation
Zone 1 increases by a factor of 1.83 during the non-breeding season (Appendix G – Risk
to Marbled Murrelets in Inland Waters).

•

During winter, there is evidence of seasonal movement of murrelets between
Conservation Zones and in some cases from nearshore areas to offshore areas. For this
analysis, the Service assumes that birds present in the waters off the coasts of
Washington, Oregon, and northern California may originate from any Conservation Zone
within the listed range of the species, except Conservation Zone 1, which was considered
isolated from Zones 2, 3, 4, and 5. We know birds within Conservation Zone 1 exhibit
seasonal movements as well, but for the quantitative analysis, we assume the Zone 1
subpopulation remains within Zone 1 year-round.

•

During winter on the outer coast of Washington, and south to northern California we
assume that the murrelet population is mixed and randomly distributed. Based on
observation of murrelets off the coasts of Oregon 46 km (25 nm) and northern California
60 km (32 nm) (Adams et al. 2014), we are reasonably certain that murrelets occur in
offshore waters out to a distance of 93 km (50 nm). While there is no direct evidence of
murrelet presence beyond this distance off the coasts of Washington, Oregon, or
California, there is evidence from Alaska that murrelets can occur up to 300 km (162 nm)
offshore. Based on the evidence from Alaska, we assume that some murrelets can occur
up to 463 km (250 nm) offshore as a “reasonable worst-case” scenario for our
quantitative analysis.
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9.2.2

Marbled Murrelets in the Terrestrial Environment

9.2.2.1 Conservation Zone 2
The Olympic MOAs special use airspace is located over the northwestern portion of the Olympic
Peninsula (Figure 2). The MOAs encompass a total area of over 1.36 million acres, and extends
west of Olympic Peninsula over marine waters out to a distance of approximately 5 miles from
the coast. The Olympic MOAs are located in marbled murrelet Conservation Zone 2.
Conservation Zone 2 includes marine waters within 1.2 miles of the Pacific Ocean shoreline
south of the U.S.-Canadian border off Cape Flattery and extends south to the mouth of the
Columbia River, and extends inland to the midpoint of the Olympic Peninsula and 55 miles
inland in southwestern Washington (Figure 6). Most of the forested lands in the northwestern
portion of Conservation Zone 2 occur on public (Federal and state) lands, while most of the
forested lands in the southwestern portion are privately owned. Extensive timber harvest has
occurred throughout Conservation Zone 2 in the last century, but the greatest losses of suitable
nesting habitat occurred in the southwest portion of Conservation Zone 2 (USFWS 1997, p. 127).
Murrelet conservation is largely dependent upon Federal lands in the northern portion of
Conservation Zone 2 and on non-Federal lands in the southern portion.
Landscape models of potential murrelet nesting habitat developed for the Northwest Forest Plan
(Raphael et al. 2015) indicate approximately 58 percent of the potential nesting habitat in
Conservation Zone 2 is located on Federal lands in Olympic National Park and Olympic National
Forest, (Table 12). Habitat on non-Federal lands occurs on state lands managed under the
Washington Department of Natural Resources Habitat Conservation Plan (HCP) and
approximately 25 percent of murrelet habitat in Conservation Zone 2 is located on private or
Tribal lands. Approximately 115,000 acres of potential murrelet habitat was lost to timber
harvest and windstorms in Conservation Zone 2 during the period from 1993 to 2012, indicating
a net loss of approximately 16.1 percent of habitat since 1993 (Raphael et al. 2015, p. 121).
Most of this habitat loss has occurred on non-Federal lands.
Table 12. Summary of marbled murrelet nesting habitat distribution in Conservation Zone 2.
Murrelet habitat
Murrelet habitat
Total murrelet
Murrelet
on federal lands
on nonfederal
habitat in
Conservation Zone
(acres)
lands (acres)
Conservation Zone
Zone 2 –
353,800
249,977
603,777
Washington Coast
Note: Marbled murrelet habitat estimates represent approximate conditions in 2012, as depicted by map data
developed for the Northwest Forest Plan monitoring program, moderate (class 3) and highest (class 4) suitability
(Raphael et al. 2015, p. 121).

Population estimates for marbled murrelets in Conservation Zone 2 are provided in Table 7. The
marbled murrelet population in Conservation Zone 2 declined at an average annual rate of 7.37
percent for the period from 2001 to 2013 (Pearson et al. 2014, p. 5). The declines in Zone 2 may
be stabilizing, as surveys over the past two years (2014, 2015) have shown an increase in the
number of murrelets observed at sea off Conservation Zone 2. The population estimate in 2015
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was 3,204 murrelets (Lance and Pearson 2016, p. 5). With the substantial increase in the
estimated murrelet population in Zone 2, the annual rate of population change (since 2001) has
decreased to -2.8 percent (2015), and the 95 percent confidence intervals for the trend (-7.6 % to
+2.3) now overlap zero, indicating no clear trend for this murrelet subpopulation (Lance and
Pearson 2016, p. 5). At a broad landscape scales, there is a strong association between total
murrelet populations as indicated by at-sea distribution during the summer breeding season and
total suitable habitat area at the scale of Conservation Zones and the stratums within them (Falxa
and Raphael 2015, p. 156). This pattern is apparent in Conservation Zone 2, where at-sea
surveys indicate most of the murrelets associated with Conservation Zone 2 are located off the
coast of the Olympic Peninsula (Lance and Pearson 2016, p. 5), while few murrelets are
observed off the coast of southwest Washington where there are relatively low amounts of
murrelet nesting habitat.
9.2.2.2 Olympic MOAs Subunit
The total land area located under the special use airspace is 1.19 million acres (Table 13). Most
of the land area under the Olympic MOAs special use airspace is comprised of low elevation,
non-federal lands under State, tribal, or private ownership. Federal lands within the Olympic
MOAs include portions of the Olympic National Forest and Olympic National Park. Landscape
models of murrelet nesting habitat developed for the Northwest Forest Plan (Raphael et al. 2015)
indicate over 370,000 acres of potential murrelet nesting habitat are located within the
boundaries of the Olympic MOAs (Table 13), and most of this potential habitat is located on
State lands managed by the Washington Department of Natural Resources within the Olympic
Experimental Forest. The potential murrelet nesting habitat within the Olympic MOAs
represents about 61 percent of the total available nesting habitat in Conservation Zone 2, and
about half of the potential murrelet nesting habitat located on the Olympic Peninsula.
Table 13. Summary of land ownership and distribution of potential marbled murrelet nesting
habitat on the Olympic Peninsula and within the Olympic MOAs.
Olympic Peninsula
Olympic MOAs
Total murrelet
Murrelet
Total land area
nesting habitat
Land
Total land area
nesting habitat
in MOAs
in MOAs
Ownership
(acres)
(acres)
(acres)
(acres)
Olympic
National Forest
630,746
221,466
179,230
31,901
Olympic
National Park
900,072
322,993
209,020
90,554
Other lands:
State, Tribal,
Private
1,500,106
211,398
805,804
248,540
Totals:

3,030,924

755,857

1,194,054

370,995

Note: Marbled murrelet habitat estimates represent approximate conditions in 2012, as depicted by map data
developed for the Northwest Forest Plan monitoring program, moderate (class 3) and highest (class 4) suitability
(Raphael et al. 2015, p. 121).
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Surveys for marbled murrelets were conducted on the Olympic Peninsula opportunistically by
Olympic National Forest, Olympic National Park, and Washington Department of Wildlife
personnel in limited areas from 1987 to 1991. More extensive surveys were carried out between
1992 and 1999 using the intensive survey methods described in the Pacific Seabird Group
marbled murrelet survey protocol (Evans Mack et al. 2003). Within the Olympic MOAs, most
murrelet surveys have occurred on State lands within the Olympic Experimental Forest, where
WDNR has delineated over 39,000 acres of murrelet habitat as “occupied” stands. There are an
additional 1,663 acres on the Olympic National Forest that are delineated as “occupied” stands.
However, large areas of the Olympic National Forest and Olympic National Park remain
unsurveyed. Based on the relative distribution of murrelet nesting habitat in Conservation Zone
2, we expect that a relative proportion of the murrelet population in Conservation Zone is
associated with potential nesting habitat in the Olympic MOAs.
A radio-telemetry study of 153 tagged marbled murrelets in the Olympic Peninsula documented
a nest success rate of 0.20 (2 chicks fledging from 10 nest starts) (Bloxton and Raphael 2009, p.
8). Of the 20 nests monitored, only three were successful and one was presumed to be successful
(Bloxton and Raphael 2009, p. 8), indicating that the apparent low nesting rate coupled with low
nesting success suggests the murrelet population on the Olympic Peninsula does not produce
enough young to support a stable population.
9.2.3

Conservation Role of the Action Area

The final Recovery Plan for the marbled murrelet outlines the conservation strategy for the
species (USFWS 1997b). Of the primary recovery plan recommendations, the most pertinent to
the needs of marbled murrelets within the action area are 1) protect the quality of the marine
environment essential for marbled murrelet recovery, and 2) reduce adult and juvenile mortality
in the marine environment.
9.2.4

Threats

As described in the marbled murrelet Status of the Species-Rangewide (Appendix D), marbled
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.
In 2012, the Service convened the marbled murrelet Recovery Implementation Team which
concluded that the primary cause of the continued population decline is sustained low
recruitment (USFWS 2012b). Sustained low recruitment can be caused by nest failure, low
numbers of nesting attempts, and/or low juvenile survival rates due to 1) terrestrial habitat loss,
2) nest predation, 3) changes in marine forage base which reduce prey resources, and 4)
cumulative effects of multiple smaller impacts. The Service’s recent 5-year review (USFWS
2009a, p. 27-67) identified the following additional threats in marine waters:
1. Exposure to marine polychlorinated biphenyls in prey.
2. Changes in prey abundance, availability and quality.
3. Harmful algal blooms, biotoxins, and dead zones.
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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.
7. Climate change in the Pacific Northwest that can exacerbate many of the marine-related
threats, as described above.
In our previous consultations on Navy activities, we determined that mortality, injury, and
disturbance of the murrelet were likely to occur from elevated underwater sounds and
detonations.
Threats in the terrestrial environment are all related to habitat loss and quality as it pertains to the
availability of marbled murrelet nesting habitat (i.e., fragmentation, tree loss, etc.). More
marbled murrelet habitat has been lost historically in the U.S. than in Canada, and in the U.S.,
marbled murrelet population numbers are lower (less than one-third of the Canadian population),
productivity is lower, old-growth forest loss is more severe, and there is less remaining suitable
habitat (USFWS 2009a, p. 5). In the Recovery Plan, (USFWS 1997a, pp. 43-76), several
anthropogenic threats were identified as having caused the dramatic decline in the species related
to the terrestrial environment:
•

Habitat destruction and modification in the terrestrial environment from timber harvest
and human development caused a severe reduction in the amount of nesting habitat.

•

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.

These threats still likely contribute to the continued decline of the population and all these
threats, whether marine or terrestrial, are expected to continue into the foreseeable future. As
stated in the Service’s 5-year review (USFWS 2009a, p. 66), there have been no additional
regulations or changes to regulations to reduce these above-mentioned threats. Those that cause
direct mortality or reduce individual fitness are likely to contribute to continued marbled
murrelet population declines and may lead to the species extirpation in its listed range. Also, we
expect that climate change is likely to further exacerbate some existing threats such as the
projected potential for increased habitat loss from drought related fire, mortality, insects and
disease, and increases in extreme flooding, landslides and windthrow events in the short-term (10
to 30 years) (USFWS 2009a, p. 34).
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9.3 Status of the Short-tailed Albatross in the Action Area
Although it is difficult to assess and compare changes or trends in oceanic conditions, the
ecosystem conditions throughout the species range seem to have generally remained intact since
population pressures from overharvest abated in the early 1900s (USFWS 2014, pp. 11-12).
Despite some marine ecosystem changes affecting prey distribution [e.g., in the northern part of
this species range (Kuletz et al. 2014)], the current population is still well below historic levels
and the very rapid population growth of this species infers that the species is not currently
limited by breeding or marine habitat.
Short-tailed albatross use the action area for dispersal and feeding. After fledging, juvenile
short-tailed albatross disperse from breeding colonies in the western Pacific. The eastern Pacific
along the coast of North America marks the eastern edge of the short-tailed albatross range
(Suryan et al. 2008; Suryan, pers. comm. 2015). The action area overlaps with immature shorttailed albatross core-use areas (Figure 10) (O'Connor 2013, p. 33). Young short-tailed albatross
predominantly feed where the ocean topography causes upwelling, bringing nutrients from deep
water toward the surface and creating areas of high productivity (Guy et al. 2013, p. 230; Suryan
et al. 2006, p. 371; Suryan et al. 2012, pp. 218-222). Satellite telemetry shows that tagged shorttailed albatross converge in hot spots of high productivity or prey aggregations. There are hot
spots within the boundaries of the Navy’s training and testing area along the coast of Washington
State (Suryan et al. 2012, p. 222) and throughout the Aleutian Islands (Suryan et al. 2006, pp.
381-383). Accurate population counts of short-tailed albatross in the action area are difficult to
obtain due to the extremely large area where the birds could occur. However, satellite telemetry
of tagged short-tailed albatross suggests that 66 percent (and perhaps as much as 90 percent) of
juvenile short-tailed albatross travel to the portion of the action area along west coast of the
United States during their first two years of life (Suryan, pers. comm. 2015). Juveniles are
present in the Aleutian Islands throughout the year and along the west coast of the United States
during the winter and spring (O'Connor 2013, p. 32). Even though all breeding habitat is outside
of the action area, each year up to 25 percent of adults forego returning to breeding habitat and
stay within the action area (USFWS 2008b, p. 9).
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Figure 10. Core habitat (50 percent kernel) for immature short-tailed albatross during the first
and second flight years
(O'Connor 2013, p. 33)

Within the action area, the Aleutian Islands may be especially important during molting. Data
from short-tailed albatross captured at sea in the Aleutian Islands showed that most birds were
undergoing extensive flight feather molt (Suryan, R. and K. Courtot, unpublished data cited in
USFWS 2015a, p. 41). Satellite tracking data indicated individuals were spending an average of
19 consecutive days (maximum of 53 days) within a 100 km (54 nm) radius of some Aleutian
passes (Suryan, R. and K. Courtot, unpublished data cited in USFWS 2015a, p. 41).
Short-tailed albatross from different breeding colonies may segregate in post-breeding seasons
(Suryan et al. 2008, p. 30) and before over-exploitation short-tailed albatross were abundant
along the coast of North America from Alaska to California (Hasegawa and DeGange 1982, p.
807). Use of habitat within the Offshore Area Subunit may reach historic levels as the
population grows and the number of short-tailed albatross breeding colonies increases (Suryan et
al. 2013, p. 64; USFWS 2008b, p. 41), and those colonies differentiate their post-breeding
ranges.
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Sightings by the NMFS Observer Program with the Pacific Coast Groundfish Fishery have
documented short-tailed albatross use down to Monterey Bay, California (Figure 11). Currently,
no formal surveys for the species exist for the waters within the Offshore Area, and no estimate
of density for the area is available. While the apparent increase in sightings of the species along
the west coast correlates to known increases in the species’ rangewide population, the increase in
trained observers and bird enthusiasts available to document sightings of the species confounds
any attempt to extrapolate the available sighting data into a precise estimate of population size or
density within the affected area. As the population trajectory increases for the short-tailed
albatross, we can also expect the use of the action area by foraging and dispersing sub-adult and
adults to increase.

Figure 11. Geographic distribution of opportunistic sightings of short-tailed albatross by the
NMFS Observer Program from 2001-July 2011.
(Northwest Fisheries Science Center 2011, p. 145)
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9.3.1

Factors Affecting the Short-tailed Albatross within the Action Area

Known threats to the short-tailed albatross within the action area include commercial fisheries,
predation, oil pollution, plastics, contaminants, and climate change. Short-tailed albatross also
face threats from habitat alteration and loss from catastrophic events and parasites, but these
factors occur outside of the action area (USFWS 2008b).
9.3.1.1 Commercial Fishing
Commercial fishing, especially the long-line fishery, has injured and killed short-tailed albatross.
Birds dive after baited hooks as they are being set, get hooked, and drown while being dragged
below the water’s surface with the sinking line. In 2014, approximately 24,000 commercial
vessels fished for albacore with hook-and-line (Pacific Fisheries Management Council 2015).
Participation in the albacore fishery has increased 62 percent and 130 percent in Oregon and
Washington, respectively, in the past 20 years. However, other fisheries with the potential to
injure or kill short-tailed albatross, such as the drift gillnet fishery, have had a decline in the
number of vessels fishing along the west coast of the United States (Pacific Fisheries
Management Council 2015).
The Service, NMFS, and the fishing industry have employed various means of reducing shorttailed albatross mortality. The commercial fishing industry uses seabird deterrent measures such
as night setting of lines, using artificial bait, use of bird-scaring tori lines, or acoustic deterrents
(Brothers et al. 1999; Food and Agricultural Organization of the United Nations 1999; Gilman et
al. 2002; 2005; 2007; 2008; Robertson et al. 2010). Other measures include implementing an
observer program to ensure accurate reporting of bycatch, supplying free streamer line kits to
commercial longline vessel owners, and conducting a 50 percent cost-share program to
reimburse owners of certain longline vessels for half of the costs of purchasing tori linedeployment booms. In addition, NMFS has conducted public awareness and education
campaigns to improve use of streamers on smaller vessels.
Controlled and large scale field studies have demonstrated that properly deployed paired
streamer lines are effective at reducing seabird bycatch by 88 to 100 percent (Melvin et al. 2001,
p. 28). The effectiveness of streamer lines is borne out by bycatch data, which shows continued
reduction in bycatch rate since fishermen began using the lines in 1999 (Van Fossen 2007, pp.
19-20). Single streamer lines are slightly less effective than paired lines, reducing seabird
bycatch by 96 percent and 71 percent for the sablefish and Pacific cod fisheries respectively
(Melvin et al. 2001, pp. 16, 24). The Pacific Coast Groundfish Fishery has killed one known
short-tailed albatross due to hooking and drowning on a longline hook. Additionally trawl and
cables are a possible hazard to short-tailed albatross, although no known injury or mortality in
the action area has occurred due to birds striking these wires.
The Short-tailed Albatross Recovery Plan recommends continued research on fisheries
operations and mitigation measures. Great progress has been made in developing seabird
bycatch avoidance measures that minimize seabird bycatch in Alaska demersal longline fisheries.
This work needs to be continued, and further research needs to be conducted on other aspects of
commercial fisheries (e.g. pelagic longline and trawl fisheries (USFWS 2008b, p. 48).
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Recreational fishing may result in some risk to short-tailed albatross within the action area, but
there is no quantitative estimate of the risk at this time. To date, there have been no documented
observations of short-tailed albatross having been wounded or killed by this method.
The Short-tailed Albatross Recovery Plan does mention derelict gear from fisheries as a potential
threat to short-tailed albatross (USFWS 2008b, p. 30), although there is no information on the
extent of derelict gear in the action area, except for in Puget Sound. There has been no
documented harm to short-tailed albatross from derelict gear.
The effects of the Pacific Coast Groundfish Fishery to short-tailed albatross in part of the action
area were previously analyzed by the Service in the Oregon Fish and Wildlife Office. It was the
Service’s opinion that the multiple commercial and recreational fisheries using many different
gear types, except purse seines, was reasonably certain to kill short-tailed albatross, but that the
impact of the fishery was not likely to jeopardize the continued existence of the species (USFWS
2012a, pp. 32-34).
9.3.1.2 Predation
Although predation by sharks is a known source of mortality for some species of albatross,
especially for recently fledged juveniles near breeding islands, the actual occurrence of this in
the action area is poorly understood. Sharks may scavenge short-tailed albatross that have been
already injured or killed by longline fishing methods within the action area, but the actual
magnitude of this predation and its effect at a population level is unknown. Other sources of
predation (crows, cats, rats) previously documented for the nesting islands are not expected to be
of consequence within the action area.
9.3.1.3 Oil Spills
Within the action area, oiling of short-tailed albatross due to spills occurring in the marine
environment remains a risk. Short-tailed albatross that are molting may be less mobile and
therefore more at risk from oil spills (USFWS 2015a, p. 42). The number and volume of oil and
other hazardous materials spills in the marine waters is highly variable. Between 1995 and 2012,
the number of marine spills reported in Alaska annually ranged from 11 to 37, and total annual
spill volume ranged from 5,017 to 352,602 gal (USFWS 2015a, p. 42). To date, there have been
no documented circumstances of oil contamination of this species in the action area that rose to
the level of injury or mortality (USFWS 2012a, p. 20). There are currently multiple proposals to
expand marine and rail shipping of oil throughout the Pacific Northwest that would increase the
threat of oil spills within the action area.
9.3.1.4 Plastics
Plastics have been identified as a threat to the short-tailed albatross (USFWS 2008b, p. 26;
USFWS 2014, p. 25), and there is potential for short-tailed albatross to be exposed to plastics
since research has shown that black-footed albatross (Phoebastria nigripes) (which have a diet
similar to short-tailed albatross) and marine debris concentrate in the same areas (Titmus and
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Hyrenbach 2011, p. 2505). Short-tailed albatross may ingest floating plastic either because the
debris resembles typical prey, or because the debris is the substrate to which flying fish eggs are
attached (Pettit et al. 1981, p. 840).
The rate at which short-tailed albatross ingest plastics in the action area may be a factor affecting
the species’ survival. The distribution of disposed plastics in the open ocean is presumed to be
ubiquitous and has the potential to affect short-tailed albatross throughout the action area. It is
estimated that at least 5.25 trillion plastic particles are currently floating in the world’s oceans,
and that 35.8 percent of that plastic is in the North Pacific Ocean (Eriksen et al. 2014, p. 7).
Land based sources of marine debris include stormwater and combined sewer discharges,
littering, solid waste disposal, and industrial activities. Ocean-based sources include commercial
fishing, recreational boaters, merchant, military and research vessels, and offshore oil and gas
platforms and explorations (Allsopp et al. 2006). Marine debris has increased over the past
couple decades due to the increase in use of plastics. Williams et al. (2011, p. 1308) estimated
that 36,000 pieces of plastic were floating in the coastal waters of British Columbia, Canada; and
Titmus and Hyrenbach (2011, p. 2500) estimated that as many as 15,222 pieces of plastic per
km2 were floating in the southern end of the action area. As the population of short-tailed
albatross increases in the future, this problem may increase.
9.3.2

Conservation Role of the Action Area

The recovery goals for the short-tailed albatross include criteria for population size and breeding
populations (USFWS 2008b, pp. 41-42). Since the Offshore Area Subunit does not include
breeding habitat, the action area’s role in conserving short-tailed albatross is providing foraging
habitat that supports the overall population. The population criteria for downlisting short-tailed
albatross from endangered to threatened was estimated to have been met in 2013 and the
delisting criteria is forecasted to be achieved in 2017 (USFWS 2014, p. 3). Since the role of the
action area is supporting the overall population size and there continues to be short-tailed
albatross population growth, the action area appears to be contributing to the conservation of the
species.
9.4 Climate Change
Our analyses under the ESA include consideration of ongoing and projected changes in climate.
The terms “climate” and “climate change” are defined by the IPCC. The term “climate” refers to
the mean and variability of different types of weather conditions over time, with 30 years being a
typical period for such measurements, although shorter or longer periods also may be used
(IPCC 2014a, pp. 119-120). The term “climate change” thus refers to a change in the mean or
variability of one or more measures of climate (e.g., temperature or precipitation) that persists for
an extended period, typically decades or longer, whether the change is due to natural variability,
human activity, or both (IPCC 2014a, p. 119).
Scientific measurements spanning several decades demonstrate that changes in climate are
occurring, and that the rate of change has been faster since the 1950s. Examples include
warming of the atmosphere and the oceans, melting of glaciers and sea ice, and substantial
increases in precipitation in some regions of the world and decreases in other regions (Solomon
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et al. 2007, pp. 35-54, 82-85; IPCC 2014b, pp. 40-42).\ Results of scientific analyses presented
by the IPCC show that most of the observed increase in global average temperature since the
mid-20th century cannot be explained by natural variability in climate, and is “extremely likely”
(defined by the IPCC as 95 percent or higher probability) due to the observed increase in
greenhouse gas (GHG) concentrations in the atmosphere as a result of human activities,
particularly carbon dioxide emissions from use of fossil fuels (Solomon et al. 2007, pp. 21-35;
IPCC 2014b, pp. 47-49). Further confirmation of the role of GHGs comes from analyses by
Huber and Knutti (2011, p. 4), who concluded it is extremely likely that approximately 75
percent of global warming since 1950 has been caused by human activities.
Scientists use a variety of climate models, which include consideration of natural processes and
variability, as well as various scenarios of potential levels and timing of GHG emissions, to
evaluate the causes of changes already observed and to project future changes in temperature and
other climate conditions (Ganguly et al. 2009, pp. 11555, 15558; Meehl et al. 2007, entire; Prinn
et al. 2011, pp. 527, 529). All combinations of models and emissions scenarios yield very
similar projections of increases in the most common measure of climate change, average global
surface temperature (commonly known as global warming), until about 2035. After 2035, model
projections diverge depending on initial assumptions about greenhouse gas emissions (Collins et
al. 2013, pp. 978-980; Kirtman et al. 2013, p. 1093). Although projections of the magnitude and
rate of warming differ after about 2035, the overall trajectory of all the projections is one of
increased global warming through the end of this century, even for the projections based on
scenarios that assume that GHG emissions will stabilize or decline. Thus, there is strong
scientific support for projections that warming will continue through the 21st century, and that
the magnitude and rate of change will be influenced substantially by the extent of GHG
emissions (Meehl et al. 2007, pp. 760-764; Ganguly et al. 2009, pp. 15555-15558; Prinn et al.
2011, pp. 527, 529; IPCC 2014b, pp. 56-63). Other changes in the global climate are likely to
include longer and more frequent heat waves, extreme precipitation events over mid-latitude land
masses, intensified precipitation variability related to El Niño-Southern Oscillation, reductions in
spring snow cover and summer sea ice, ocean acidification, and decreases in the dissolved
oxygen content of the ocean (IPCC 2014b, pp. 60-62).
Various changes in climate may have direct or indirect effects on listed species. These effects
may be positive, neutral, or negative, and they may change over time. Identifying likely effects
often involves aspects of climate change vulnerability analysis. Vulnerability refers to the
degree to which a species (or system) is susceptible to, and unable to cope with, adverse effects
of climate change, including climate variability and extremes. Vulnerability is a function of the
type, magnitude, and rate of climate change and variation to which a species is exposed, its
sensitivity, and its adaptive capacity (Glick et al. 2011, pp. 19-22; IPCC 2007a, p. 89). There is
no single method for conducting such analyses that applies to all situations (Glick et al. 2011, p.
3). We use our expert judgment and appropriate analytical approaches to weigh relevant
information, including uncertainty, in our consideration of various aspects of climate change. In
general, many species are projected to face increased extinction risk as the climate changes in the
future, especially when climate changes are combined with other factors like habitat
modification; but this risk can be reduced through management actions, including those that
reduce the impacts of non-climate change stressors (IPCC 2014a, pp. 14-15).
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9.4.1

Bull Trout

Recent observations and modeling for Pacific Northwest aquatic habitats suggest that bull trout
and other salmonid populations will be negatively affected by ongoing and future climate
change. Rieman and McIntyre (1993, p. 8) listed several studies which predicted substantial
declines of salmonid stocks in some regions related to long-term climate change. More recently,
Battin et al. (2007) modeled impacts to salmon in the Snohomish River Basin related to
predictions of climate change. They suggest that long-term climate impacts on hydrology would
be greatest in the highest elevation basins, although site specific landscape characteristics would
determine the magnitude and timing of effects. Streams which acquire much of their flows from
snowmelt and rain-on-snow events may be particularly vulnerable to the effects of climate
change (Battin et al. 2007, p. 6724). In the Pacific Northwest region, warming air temperatures
are predicted to result in receding glaciers, which in time would be expected to seasonally impact
turbidity levels, timing and volume of flows, stream temperatures, and species responses to
shifting seasonal patterns.
Battin et al. (2007, p. 6720) suggest that salmonid populations in streams affected by climate
change may have better spawning success rates for individuals that spawn in lower-elevation
sites, especially where restoration efforts result in improved habitat. Higher elevation spawners
(like bull trout) would be more vulnerable to the impacts of increased peak flows on egg
survival. They further note that juvenile salmonids spending less time in freshwater streams
before out-migrating to the ocean would be less impacted by the higher temperatures and low
flows than juveniles that rear longer in the streams. Bull trout generally spawn in cold headwater
streams, and juveniles may spend one to three years rearing in cold streams before moving
downstream to large river reaches or estuarine/marine habitats. Therefore, bull trout would be
less likely than other salmonids to be able to adjust their spawning habitat needs related to water
temperature. Connectivity between lower and upper reaches of a river system and marine waters
may become even more critical for the growth and survival of fluvial and anadromous
individuals that access the action area for foraging, migrating, and overwintering purposes.
Changes in climate have been identified that are occurring now or will occur over the next 50 to
100 years (Glick et al. 2007, p. iii; Mote et al. 2005, p. 4). The predicted changing precipitation
patterns are expected to result in more frequent severe weather events and warmer temperatures
(Mote et al. 2005, p. 13). Glaciers in the Cascades and Olympics Mountains have been retreating
during the past 50 to 150 years in response to local climate warming. Regional warming can
result in reduced winter snowpack, earlier occurrence of peak runoff, and reduced summer flows.
If the current climate change models and predictions for Pacific Northwest aquatic habitats are
relatively accurate, bull trout from the three core areas, the Lower Skagit, Stillaguamish, and the
Snohomish/Skykomish River that are expected to be in the Crescent Harbor portion of the Inland
Water Subunit, are likely to be impacted through at least one or more of the following pathways:
•

Changes in distribution of bull trout within the core area, such as reduced spawning
habitat, and/or seasonal thermal blockage in the migratory corridors associated with
increased stream temperatures.
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•

Disturbance or displacement of eggs, alevins, juveniles, and adults of resident and/or
migratory adults during winter flooding events.

•

Short-term or long-term changes in habitat and prey species due to stochastic events
during winter floods.

•

Changes in flow/out-migration timing in the spring for bull trout and their prey species.

•

Increased migration stressors from lower stream flows and high stream temperatures
during spawning migrations.

9.4.2

Marbled Murrelet

During the next 20 to 40 years, the climate of the Pacific Northwest is projected to change
significantly with associated changes to forested ecosystems. Predicted changes include warmer,
drier summers and warmer, wetter autumns and winters, resulting in diminished snowpack,
earlier snowmelt, and an increase in extreme heat waves and precipitation events (Salathe Jr et
al. 2010). Initially, the Pacific Northwest is likely to see increased forest growth region-wide
over the next few decades due to increased winter precipitation and longer growing seasons;
however, forest growth is expected to decrease as temperatures increase and trees can no longer
benefit from the increased winter precipitation and longer growing seasons (Littel et al. 2009, p.
15). Additionally, the changing climate will likely alter forest ecosystems as a result of the
frequency, duration, and timing of disturbance factors such as fire, drought, introduced species,
insect outbreaks, landslides, and flooding (Littel et al. 2009).
One of the largest projected effects on Pacific Northwest forests is likely to come from an
increase in fire frequency, duration, and severity. In general, wet western forests have short dry
summers and high fuel moisture levels that result in very low fire frequencies. However, high
fuel accumulations and forest densities create the potential for fires of very high intensity and
severity when fuels are dry (Mote et al. 2008, p. 23). Westerling et al. (2006) looked at a much
larger area in the western United States including the Pacific Northwest, and found that since the
mid-1980s, wildfire frequency in western forests has nearly quadrupled compared to the average
of the period 1970 to 1986. The total area burned is more than 6.5 times the previous level and
the average length of the fire season during 1987 to 2003 was 78 days longer compared to 1978
to 1986 (Westerling et al. 2006, p. 941). Littell et al. (2009, p. 2) project that the area burned by
fire in the Pacific Northwest will double by the 2040s and triple by the 2080s.
9.4.3

Short-tailed Albatross

Climate change poses a potential risk to short-tailed albatross. The short-tailed albatross
Recovery Plan (USFWS 2008b) states that increased water temperatures in the Arctic, melting
glaciers and sea ice, increased freshwater input to the oceans, altered ocean circulation and
patterns of upwelling, and altered vegetation and other characteristics of their breeding sites may
affect the short-tailed albatross food base and nesting sites (USFWS 2008b, p. 18). In the
northern extent of short-tailed albatross range, climate change may delay ice formation and
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provide more and longer foraging opportunities in the Bering Sea (Kuletz et al. 2014). However,
increased foraging opportunities in the north could be offset by declining foraging in the south
due to disruption of the upwelling that drives marine productivity (Kuletz et al. 2014, p. 291)
Increasing ocean water temperatures over the past few years have resulted in a warmer than
normal “blob” of water off the west coast of North America that extends into the Gulf of Alaska
(Peterson et al. 2014). The warmer ocean temperatures shortened the upwelling season in 2013
by 6 weeks (Peterson et al. 2014). Ocean upwelling is related to marine ecosystem productivity.
High water temperatures lead to low entrainment of nutrients and therefore, decreasing
biological productivity (Peterson et al. 2014). Low biological productivity may impact shorttailed albatross prey abundance.
Hazen et al. (2012, entire) looked at predicted habitat shifts of Pacific top predators in a changing
climate. They concluded that within the west coast Exclusive Economic Zone 1, chlorophyll is
estimated to increase and the area is expected to remain a high biodiversity area into the future
(Hazen et al. 2012, p. 4). They also caution that as offshore habitat decreases or becomes less
accessible, there may be increased use in the upwelling-driven California Current Marine
Ecosystem leading to greater competition among top predators, and also a higher risk of
anthropogenic impacts such as shipping traffic and fisheries bycatch (Hazen et al. 2012, p. 4).
The Recovery Plan mentions possible prey base changes affecting the species due to climate
change (USFWS 2008b, p. 19). A recent global analysis of seabird response to forage fish
depletion in 16 seabird species found a general pattern of breeding success being fairly stable
above a threshold of prey abundance, but was impacted below that threshold (Cury et al. 2011,
entire). The threshold approximated one-third of the maximum prey biomass observed in longterm studies. This study suggests that many seabird species are resilient to some level of prey
depletion.
9.5 Previously Consulted-on Effects
9.5.1

Offshore Area Subunit

9.5.1.1 Short-tailed Albatross
The Service has only conducted a few consultations addressing potential effects of short-tailed
albatross. We have issued Opinions on the longline fishery [bigeye tuna (Thunnus obesus) and
swordfish (Xiphias gladius)]; operation and maintenance of the Midway Atoll National Wildlife
Refuge; the Gulf or Alaska, Bering Sea/Aleutian Islands, and State of Alaska Parallel groundfish
(approximately 100 species) fisheries; and the Alaska Federal and State Preparedness Plan for
response to oil and hazardous substance discharges. The Service has also issued a letter of
concurrence on the Makah Noxious Weed Management Plan. Adverse effects to short-tailed

1

NMFS observer program was established in May 2001 in accordance with the Pacific Fishery Management Plan
(50 CFR Part 660) (50 FR 20609). This regulation requires that all vessels that catch groundfish in the U.S.
Exclusive Economic Zone from 3 to 200 miles offshore carry an observer when notified to do so by NMFS or its
designated agent.
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albatross that were addressed by these consultations includes direct mortality or injury from
hooking and drowning during fishery interactions, and mortality from exposure to oil and
hazardous substance spills.
9.5.2

Offshore Area and Olympic MOA Subunits

9.5.2.1 Marbled Murrelet and Bull Trout
The Service has consulted on the effects of proposed Federal actions on the marbled murrelet
and the bull trout for numerous actions within the Offshore Area and Olympic MOA Subunits,
especially on the Olympic Peninsula. Since 2007, there were approximately 170 formal, and 106
informal consultations on proposed Federal actions within the Olympic Peninsula. Over 150 of
the formal consultations are within the Queets and Quinault watersheds, and are associated with
forest practice (i.e., timber management) actions. Many of these actions are specific to timber
sales and cedar salvage operations. Some of the other projects consulted on include bank
stabilization, culvert replacement, road relocations, and bridge repair and installations.
Forest practice actions include timber harvesting and road construction. Adverse effects of these
actions include direct loss and fragmentation of nesting habitat, increased risk of nest predation
near clearcut edges, habitat degradation associated with clearcut edges, disruption of nesting
behaviors associated with noise and visual disturbance, and the potential for direct injury or
mortality of murrelet eggs or chicks. Bank stabilization, culvert replacement, road relocation,
and bridge repair and installation projects result in adverse effects to the marbled murrelet from
noise and visual disturbance due to operating heavy equipment during construction, predation
risk by altering the patterns of activity and habitat structure of avian predators, habitat alteration
through removing trees within potential and documented nesting habitat, delayed nest
establishment, and reduced feeding of nestlings.
Forest practice actions, bank stabilization, culvert replacement, and road construction activities
caused degradation of aquatic habitat conditions including influencing water temperature,
increase in sediment input and contaminants, changes in peak and base flows, and reductions in
large wood input to the rivers and streams. These effects result from the loss of riparian
function, ground disturbance for road construction and bank stabilization, chemical applications,
and clearcutting. Many projects involved fish capture and handling during construction
operations to remove affected bull trout out of harm’s way.
9.5.3

Inland Waters Subunit

9.5.3.1 Marbled Murrelet and Bull Trout
Within the Inland Waters Subunit, the Service has conducted 44 formal consultation in Puget
Sound (35) and Hood Canal (9) and 1,289 informal consultations. Within Puget Sound, Federal
projects included harbor expansions, seawall replacement, ferry terminal upgrades, aquaculture
activities, and discharge of wastewater treatment plants. Within Hood Canal, Federal projects
involved estuarine restoration, bridge repair, and road, pier, and wharf maintenance and upgrade.
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The Service’s previous consultation includes the Navy’s Northwest Training and Testing
Activities and Explosive Ordnance Disposal activities in 2008 and 2010.
The adverse effects to murrelets and bull trout associated with most of these projects are very
similar and are associated with exposure to increased sound levels from pile driving activities,
decreased water quality through increased suspended sediments and contaminants (creosote and
wastewater outfall discharge), and adverse impacts to forage fish species.
9.5.4

Population Effects of Previously Consulted-on Federal Actions

9.5.4.1 Bull Trout
Although these Federal projects involved adverse effects to individual bull trout and aquatic
habitat, the Service determined that the effects of the actions are not expected to result in any
measurable reduction in the numbers, distribution, or reproduction of the bull trout at the core
area, recovery unit, or range-wide scales.
9.5.4.2 Marbled Murrelet
In general, any loss of murrelet reproduction associated with disturbance effects caused by the
proposed Federal actions was considered insufficient to increase the present rates of observed
population declines at the Conservation Zone and range-wide scales. The consulted-on projects
were also not anticipated to result in a significant reduction in marbled murrelet numbers or
distribution because most of these projects were not likely to cause direct mortality to adult
breeding marbled murrelets or to eggs and chicks, and the patches of nesting habitat removed as
a result of the Federal actions were typically widely dispersed over a large managed landscape.
In addition, many of the documented occupied stands are located in Conservation Easements and
in other set-asides that will continue to provide nesting opportunities for marbled murrelets.
9.5.4.3 Short-tailed Albatross
The Service determined that implementation of the Longline Fishery, Groundfish Fishery,
operation and maintenance of the Midway Atoll National Wildlife Refuge, and the Alaska
Federal/State Preparedness Plan are not likely to jeopardize the continued existence of the shorttailed albatross.
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10 EFFECTS OF THE ACTION
10.1

Introduction

The effects of the action 2 refers to 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). Indirect
effects are those that are caused by the proposed action and are later in time, but still are
reasonably certain to occur.
Although the Navy indicated the term of the proposed action is the foreseeable future, we have
limited our analysis to a 20-year period based on the best available information regarding future
climate-related environmental conditions, as relied upon by the IPCC and cited below. Climate
change is a factor influencing the condition of the listed species and critical habitats at issue in
this consultation. Over the next 20 years, models of climate change all give relatively similar
projections of the geographic pattern and magnitude of climate changes, but after approximately
2035, the model projections diverge depending on initial assumptions about greenhouse gas
emissions (Collins et al. 2013, p. 1093; Kirtman et al. 2013, p. 978-980, 1004-1012). For
variables such as sea surface temperature, ocean heat content, and frequency of non-tropical
storms over the North Pacific, these differences between projections become more pronounced
beyond 2035 (Collins et al. 2013, p. 1075, 1093). Given the uncertainty of climate (and habitat)
conditions beyond 2035, relying on a 20-year period where the best available information on the
environment in which the species and critical habitats at issue in this consultation exist is
relatively certain seems reasonable for purposes of assessing the effects of the proposed action
(and cumulative effects) on those species and critical habitats.
Our approach to the analysis of effects is based on an estimation of exposure, consideration of
potential responses to any exposure that is not discountable, and a determination whether there
will be any resulting adverse effects. The following effects analysis is structured according to
components of activities (i.e., explosions) that have similar stressors (i.e., shock wave, noise,
etc.). Please note that stressors to listed species caused by the proposed action that are likely to
cause injury, mortality, or significant impairment or disruption of their normal behaviors such as
breeding, feeding, migration, or sheltering are discussed below as “potentially significant adverse
effects” (see pages 90, 119, and 123). Stressors that are not likely to cause those effects are
discussed below as “insignificant” or “discountable” effects.
For purposes of this analysis, the term “range to effect” means the distance from the source of a
stressor within which injury or death of a listed species is likely to occur. This value varies
between stressors and species. The term “group” applied to the marbled murrelet means two
marbled murrelet individuals, which is the average marbled murrelet group size rounded to the
nearest whole number of birds (Appendices A and G). The Navy described distance as km and
nautical miles (nm). Bird density is typically described as birds per km2. Our exposure analysis
2

In accordance with Service national policy (USFWS and NMFS 1998, p. 1-6) and congressional intent [H.R. Conf.
Rep. No. 697, 96th Congress, 2nd Session 12 (1979)], the following analysis relies on best available information and
provides the benefit of the doubt to the listed species in light of uncertainty or data gaps (see also p. 19952, middle
column, of the preamble to the implementing regulations for section 7 of the ESA at 50 CFR 402; 51 FR 19926).
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describes area in marine waters as nm2. As such, we provide areas as km2 and nm2 to allow
easier synthesis of effects and conversion between number of birds present/exposed and the units
that describe area of effect. In some instances depth is described in meters or feet, and distance
over land is also described in km or miles.
For purposes of this analysis, the distribution and abundance of the marbled murrelet and shorttailed albatross within the action area were modeled and those results were used to calculate the
probability of overlap with training-related impact zones, taking into account the “range to
effect” determinations. Because of the uncertainties inherent in modeling distribution and
abundance of these species, and in particular because of large gaps in the information and small
sample sizes where information does exist, we modeled two different scenarios: the “reasonable
worst-case” scenario and the “reasonably certain” scenario. In the “reasonable worst-case”
scenario, when there was uncertainty in the information we used to form our model, we erred on
the side of the species. We used this version of the model to determine whether or not exposure
to stressors was discountable (although for some stressors, we could determine that exposure
would be discountable based on the mode of operation of the stressor and the behavioral
characteristics of the species). In the “reasonably certain” scenario, we did not attempt to err on
the side of the species, but took information at face value, even when there was great uncertainty.
We used this version of the model to determine whether exposure to stressors was reasonably
certain to occur. For example, in the “reasonable worst-case” scenario, we assumed that marbled
murrelets might be present anywhere in the Offshore Area (out to a maximum of 463 km or 250
nm) during the winter, but in the “reasonably certain” scenario, we assumed that the winter
marbled murrelet distribution would be limited to the area within 93 km (50 nm) of the shore.
Therefore, marbled murrelet exposure to stressors that will be used farther than 93 km (50 nm)
from shore might not be discountable, but is not reasonably certain to occur. A detailed
description of the methods used to complete these analyses is presented in Appendix A.
Table 48 at the end of this section summarizes the findings of the following analysis by stressor
and by species in terms of the anticipated numbers of individuals and habitat area affected within
the range of effect zones defined above. The significance of these findings, taken together with
cumulative effects, relative to the conservation needs of the listed species and to the conservation
role of the action area for that species, is discussed in the section entitled “Integration and
Synthesis.”
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10.2

Description of Stressors

The Navy analyzed potential impacts caused by the proposed action to environmental resources
through stressors as “…an agent, condition, or other stimulus that potentially causes stress to an
organism or alters physical, socioeconomic, or cultural resources” (Navy 2015a, p. 3.0-1). In
some cases, a proposed training activity may involve more than one stressor. For example,
decelerators/parachutes involve both physical disturbance and a risk of strikes, as well as
entanglement. The following list of stressors was used by the Navy to assess the impacts of the
proposed action to the environment and listed species:
10.2.1

Acoustical

Sounds produced during naval training and testing activities in conjunction with:
•

Use of Sonar

•

Use of Explosives

•

Weapons firing, launch, and impact noise for non-explosive practice munitions.

•

Vessel Noise (Navy vessels produce low-frequency, broadband underwater sound during
operation).

•

Aircraft Noise (Emitted by motors, propellers, and rotors from fixed-wing and rotary
aircraft).

10.2.2

Energy

Electromagnetic and lasers: Electromagnetic energy is emitted from magnetic mine
neutralization systems. Low energy lasers are used to illuminate or designate targets, to guide
weapons, and to detect or classify mines.
10.2.3

Physical Disturbance

•

Vessels strikes – Vessels include ships, submarines, and small boats.

•

In-water devices – unmanned vehicles, such as remotely operated vehicles, unmanned
surface vehicles, unmanned undersea vehicles, and towed devices.

•

Military expended material – Military munitions, devices, equipment, and materials that
are used and expended include: all sizes of non-explosive practice munitions, fragments
from high explosive ordnance/munitions, sonobuoys, decelerators/parachutes, torpedo
launch accessories, expendable targets, drones, flares, chaffs, projectile casings,
propellants, weights, and guidance wires.
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•

Seafloor devices – Items that are deployed onto the seafloor. These items include
moored mine shapes, anchors, bottom placed instruments, and robotic vehicles referred to
as “crawlers.” Seafloor devices are either stationary or move very slowly along the
bottom.

•

Aircraft strikes – Fixed-wing, rotary-wing, and unmanned aircraft.

10.2.4

Entanglement

This stressor involves fiber optic cables, guidance wires, and decelerator/parachutes. Guidance
wires are used to guide some torpedoes, and missiles. Parachutes are used for sonobuoys,
lightweight torpedoes, illumination flares, and targets.
10.2.5

Ingestion

The sources of this material are non-explosive practice munitions (small- and medium-caliber
gun shells), fragments from high-explosive munitions, and military expended materials other
than munitions (e.g., plastic or rubber target fragments, chaff, and flares) that may be ingested by
birds and fishes.
10.2.6

Air Quality

Air pollutants, including hazardous air pollutants, are emitted during Navy training and testing
activities. Air pollutants are generated by the combustion of fuel by surface vessels and by
aircraft. Combustion of explosives and propellants in various types of munitions also releases
pollutants. The major air pollutants of concern, called “criteria pollutants,” are carbon
monoxide, sulfur dioxide, nitrogen dioxide, ozone, suspended particulate matter, and lead.
10.2.7

Sediment and Water Quality

This category of stressor is caused by explosives and explosion byproducts, metals, chemicals
other than explosives, and other materials (i.e., chaff and flares).
10.3

Approach to the Analysis

For the purposes of this analysis, the Service assessed stressors similarly but, in some cases,
further subdivided a stressor into more specific categories. We also identified “in-water
disturbance” as an additional stressor in our analysis. In-water disturbance may occur when
divers and swimmers cause disturbance to both the water column and potentially the seafloor if
in shallow water or while getting into or out of the water.
Project-related stressors of sufficient magnitude, duration, or frequency can affect the habitat use
and essential behaviors of listed species, as well as cause direct impacts (i.e., injury and
mortality) to individuals. In this analysis, we assessed whether or not listed species were likely
to be exposed to stressors and whether or not any expected exposures (of individuals) was likely
to result in measureable effects.
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If exposure of a listed resource to a given stressor was extremely unlikely to occur, we concluded
that the effects of that stressor on the listed resource were discountable. If we were unable to
conclude the effect was discountable, we assumed the listed resource was likely to be exposed to
the potential stressor(s) and we evaluated the consequence of that exposure accordingly.
Similarly, if we determined, based on the best available information, that we could not
meaningfully measure, detect, or evaluate the effect of a stressor, we concluded the effect was
insignificant. If we were unable to reach either of these conclusions (i.e., insignificant or
discountable), we then, as required, gave that resource the benefit of the doubt by considering the
effect to be adverse.
The location of each proposed training and testing activity, the listed resource potentially
affected, and the stressors associated with each activity are listed in Table 14.
Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Navy Training Exercises
Air Combat
Offshore Area Aircraft
Aircraft noise
Short-tailed
Maneuver
(W-237)
Expendable materials (chaff,
Aircraft strike
albatross
flares)
Air quality
Marbled murrelet
Ingestion
Olympic
Marbled murrelet
Sediment
and
MOAs
water quality
Missile Exercise,
Offshore Area Aircraft, drones, and missile
Aircraft noise
Short-tailed
Air-to-Air
(W-237)
Expendable materials (decoys, Aircraft strike
albatross
flares)
Air quality
Marbled murrelet
Targets
In-air explosions
Ingestion
Sediment and
water quality
Entanglement
Gunnery Exercise,
Offshore Area Aircraft
Aircraft noise
Short-tailed
Surface-to-Air
(W-237)
Surface ships
Aircraft strike
albatross
Medium/large caliber guns
Air quality
Marbled murrelet
Targets
Vessel strike
Vessel noise
Weapons firing
noise
In-air explosions
Ingestion
Sediment and
water quality
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Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Missile Exercise,
Offshore Area Aircraft, drones, missiles
Aircraft noise
Short-tailed
Surface-to-Air
(W-237)
Surface ships
Aircraft strike
albatross
Missile launch
Air quality
Marbled murrelet
Vessel strike
Vessel noise
Weapons firing
noise
In-air explosions
Ingestion
Sediment and
water quality
Gunnery Exercise,
Offshore Area Surface ships
Vessel strike
Short-tailed
Surface-to-Surface
Small/medium/large caliber
Vessel noise
albatross
guns
Sediment and
Marbled murrelet
Targets
water quality
Divers
Weapons firing
noise
Ingestion
Underwater
explosions
In-water
disturbance
Missile Exercise,
Offshore Area Aircraft, missiles
Aircraft noise
Short-tailed
Air-to-Surface
(W-237)
Surface ships
Aircraft strike
albatross
Marbled murrelet
Targets
Air quality
Vessel strike
Vessel noise
Sediment and
water quality
Underwater
explosions
Ingestion
High-Speed AntiOffshore Area Aircraft
Aircraft noise
Short-tailed
Radiation
(W-237)
Aircraft strike
albatross
Missile, Non-Firing
Air quality
Marbled murrelet
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Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Bombing Exercise, Offshore Area Aircraft
Aircraft noise
Short-tailed
Air-to-Surface
(W-237)
Buoys (smoke)
Aircraft strike
albatross
Bombs
Air quality
Marbled murrelet
Sediment and
water quality
Underwater
explosions
Ingestion
Tracking Exercise,
Offshore Area Submarines
Vessel strike
Short-tailed
Submarine
Sonar
Vessel noise
albatross
Submarine/Targets
Sediment and
Marbled murrelet
water quality
In-water sound
(sonar)
Tracking Exercise,
Offshore Area Surface ships
Vessel strike
Short-tailed
Surface
Submarine/target
Vessel noise
albatross
Sonar
Sediment and
Marbled murrelet
water quality
In-water sound
(sonar)
In-water devices
Tracking Exercise,
Offshore Area Helicopters
Aircraft noise
Short-tailed
Helicopter
Submarine/target
Aircraft strike
albatross
Sonar
Air quality
Marbled murrelet
Sonobuoys
Vessel noise
Vessel strike
Sediment and
water quality
In-water sound
(sonar)
Entanglement
In-water devices
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Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Tracking Exercise – Offshore Area Aircraft
Aircraft noise
Short-tailed
Maritime Patrol
Submarine/target
Aircraft strike
albatross
Aircraft
Sonobuoys
Air quality
Marbled murrelet
Vessel noise
Vessel strike
Sediment and
water quality
In-water sound
(sonar)
Entanglement
In-water devices
Tracking Exercise – Offshore Area Aircraft
Aircraft noise
Short-tailed
Maritime Patrol
Submarine
Aircraft strike
albatross
Aircraft, Extended
Sonobuoys
Air quality
Marbled murrelet
Echo Ranging
Vessel noise
Sonobuoys
Vessel strike
Sediment and
water quality
In-water sound
(sonar)
Entanglement
Electronic Warfare
Offshore Area Aircraft
Aircraft noise
Short-tailed
Operations
(W-237),
Surface ships
Aircraft strike
albatross
Olympic
Submarines
Air quality
Marbled murrelet
MOAs
Expendable materials (chaff,
Vessel noise
flares)
Vessel strike
Sediment and
water quality
Ingestion
Land-Based
Olympic
Fixed electronic emitter
Vehicle noise
Marbled murrelet
Electronic Warfare
MOAs
Mobile electronic emitters
disturbance
Vehicle strike
Energy stressors
(electromagnetic)
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Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Mine
Inland Waters Surface ships
Vessel noise
Marbled murrelet
Neutralization,
– Crescent
Divers
Vessel strike
Bull trout
Explosive Ordnance Harbor
Sediment and
Disposal
water quality
Inland Waters
Marbled murrelet
Underwater
– Hood Canal
Bull trout
explosion
EOD Training
Ingestion
Range
In-water
disturbance
Submarine Mine
Offshore Area Submarines
Vessel noise
Short-tailed
Exercise
Sonar
Vessel strike
albatross
Marbled murrelet
Buoys, expendable
Sediment and
water quality
In-water sound
(sonar)
Maritime Homeland Inland Waters Helicopter
Aircraft noise
Marbled murrelet
Defense/Security
(Puget Sound) Surface ships
Aircraft strike
Bull trout
Mine
Divers
Air quality
Countermeasures
Submersible unmanned
Vessel noise
Integrated Exercise
vessels
Vessel strike
Sonar
Sediment and
Electromagnetic devices
water quality
In-water
disturbance
In-water sound
(sonar)
In-water devices
Personnel
Inland Waters Submersible, mini sub
Vessel strike
Marbled murrelet
Insertion/Extraction, - Keyport
Sediment and
Bull trout
Submersible
water quality
Inland Waters
Marbled murrelet
In-water
devices
– Indian Island
Bull trout
Inland Waters
Marbled murrelet
– Dabob Bay
Bull trout
Range
Complex
Inland Waters
Marbled murrelet
– Crescent
Bull trout
Harbor
Inland Waters
Marbled murrelet
– Navy 7
Bull trout
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Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Personnel
Inland Waters Aircraft, helicopter
Aircraft noise
Marbled murrelet
Insertion/Extraction, – Crescent
Surface ships
Aircraft strike
Bull trout
Non-Submersible
Divers
Air quality
Harbor
Vessel noise
Inland Waters
Marbled murrelet
Vessel strike
– R6701
Bull trout
Sediment and
water quality
In-water
disturbance
Maritime Security
Inland Waters Surface ships
Vessel strike
Marbled murrelet
Operations
(Puget Sound) Small caliber guns
Vessel noise
Bull trout
Sediment and
water quality
Weapons firing
noise
Ingestion
Precision Anchoring Inland Waters Surface ships
Vessel strike
Marbled murrelet
– Everett
Anchors
Vessel noise
Bull trout
Sediment and
Inland Waters
Marbled murrelet
water quality
– Indian Island
Bull trout
Seafloor habitat
disturbance
Small Boat Attack
Inland Waters Surface ships
Vessel strike
Marbled murrelet
– Everett
Small caliber guns
Vessel noise
Bull trout
Sediment and
Inland Waters
Marbled murrelet
water quality
– Bangor
Bull trout
Weapons firing
Inland Waters
Marbled murrelet
Noise
– Bremerton
Bull trout
Ingestion
Intelligence,
Offshore Area Aircraft
Aircraft noise
Short-tailed
Surveillance, and
Sonobuoys
Aircraft strike
albatross
Reconnaissance
Air quality
Marbled murrelet
Entanglement
In-water sound
(sonar)
Search and Rescue
Inland Waters Helicopters
Aircraft noise
Marbled murrelet
– Crescent
Swimmers
Aircraft strike
Bull trout
Harbor
Expendable material (marker
Air quality
In-water
Inland Waters flares)
Marbled murrelet
disturbance
– Navy 7
Bull trout
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Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Surface Ship Sonar Inland Waters Sonar
In-water sound
Marbled murrelet
Maintenance
– Everett
Surface ship
(sonar)
Bull trout
Vessel
noise
Offshore Area
Short-tailed
Vessel strike
albatross
Sediment and
Marbled murrelet
water quality
Submarine Sonar
Inland Waters Submarine
In-water sound
Marbled murrelet
Maintenance
– Bangor
Sonar
(sonar)
Bull trout
Vessel noise
Inland Waters
Marbled murrelet
Vessel strike
– Bremerton
Bull trout
Sediment and
Offshore Area
Short-tailed
water quality
albatross
Marbled murrelet
Navy Testing Exercises
Torpedo Testing
Offshore Area Submarine
Vessel noise
Short-tailed
– Quinault
Surface ship
Vessel strike
albatross
Marbled murrelet
Range Site
Sonar
Sediment and
Bull trout
Torpedoes
water quality
Expendable material (wires)
In-water sound
(sonar)
Inland Waters Targets
Marbled murrelet
Unmanned surface or
Ingestion
- Dabob Bay
Bull trout
underwater vessels
Entanglement
Range
Sonobuoys
Aircraft noise
Complex
Aircraft (QRS only)
Aircraft strike
Air quality
In-water devices
Autonomous and
Inland Waters Surface ship
Vessel noise
Marbled murrelet
Non-Autonomous
- Dabob Bay
Sonar
Vessel strike
Bull trout
Vessels –
Range
Submarine
Sediment and
Unmanned
Complex
Unmanned surface or
water quality
Underwater Vessel
In-water sound
Inland Waters underwater vessels
Marbled murrelet
Testing
Torpedoes
(sonar)
– Keyport
Bull trout
Targets
Energy stressors
Range
Expendable material (wires)
(electromagnetic,
Complex
lasers)
Offshore Area Seafloor devices
Short-tailed
Seafloor habitat
– Quinault
albatross
disturbance
Range Site
Marbled murrelet
Ingestion
Bull trout
Entanglement
In-water devices

107

Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Autonomous and
Offshore Area Aircraft
Aircraft noise
Short-tailed
Non-Autonomous
– Quinault
Unmanned aircraft
Aircraft strike
albatross
Vessels –
Range Site
Surface ships
Air quality
Marbled murrelet
Unmanned Aircraft
Vessel noise
Bull trout
System
Vessel strike
Inland Waters
Marbled murrelet
Sediment and
- Dabob Bay
Bull trout
water quality
Range
Complex
Autonomous and
Offshore Area Surface ships
Vessel noise
Short-tailed
Non-Autonomous
– Quinault
Unmanned surface ships
Vessel strike
albatross
Vessels –
Range Site
Targets
Sediment and
Marbled murrelet
Unmanned Surface
Seafloor devices
water quality
Bull trout
Vessel Testing
Seafloor habitat
Inland Waters
Marbled murrelet
disturbance
– Keyport
Bull trout
Range
Complex
Inland Waters
Marbled murrelet
- Dabob Bay
Bull trout
Range
Complex
Fleet Training
Offshore Area Surface ships
Vessel noise
Short-tailed
Support – Cold
– Quinault
Divers
Vessel strike
albatross
Water Training
Range
Sediment and
Marbled murrelet
Complex
water quality
Bull trout
In-water
Inland Waters
Marbled murrelet
disturbance
- Dabob Bay
Bull trout
Range
Complex
Inland Waters
Marbled murrelet
– Keyport
Bull trout
Range
Complex
Fleet Training
Inland Waters Submarine
Vessel noise
Marbled murrelet
Support - Post-Refit - Dabob Bay
Surface ship
Vessel strike
Bull trout
Sea Trial
Range
Sonar
Sediment and
Complex
water quality
In-water sound
(sonar)
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Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Fleet Training
Offshore Area Surface ship
Vessel noise
Short-tailed
Support – Anti– Quinault
Submarine
Vessel strike
albatross
Submarine Warfare Range
Sonar
Sediment and
Marbled murrelet
Testing
Complex
Targets
water quality
Bull trout
Aircraft
In-water sound
(sonar)
Aircraft noise
Aircraft strike
Air quality
Maintenance and
Inland Waters Surface ship
Vessel noise
Marbled murrelet
Miscellaneous –
- Dabob Bay
Unmanned surface or
Vessel strike
Bull trout
Side Scan/MultiRange
underwater vessels
Sediment and
Complex
beam Sonar
Sonar
water quality
In-water sound
Inland Waters Seafloor devices
Marbled murrelet
(sonar)
– Keyport
Bull trout
Seafloor
habitat
Range
Disturbance
Complex
In-water devices
Maintenance and
Offshore Area Surface ship
Vessel noise
Short-tailed
Miscellaneous –
– Quinault
Unmanned surface or
Vessel strike
albatross
Non-Acoustic Tests Range
underwater vessels
Sediment and
Marbled murrelet
Complex
water quality
Bull trout
In-water devices
Inland Waters
Marbled murrelet
- Dabob Bay
Bull trout
Range
Complex
Inland Waters
Marbled murrelet
– Keyport
Bull trout
Range
Complex
Acoustic
Offshore Area Surface ship
Vessel noise
Short-tailed
Component Test –
– Quinault
Submarine
Vessel strike
albatross
Marbled murrelet
Countermeasures
Range
Targets
Sediment and
Testing
Complex
Unmanned surface or
water quality
Bull trout
underwater
vessels
Energy
stressor
Inland Waters
Marbled murrelet
Sonar
(electromagnetic) Bull trout
- Dabob Bay
In-water sound
Range
(sonar)
Complex
In-water devices
Inland Waters
Marbled murrelet
– Keyport
Bull trout
Range
Complex
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Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Acoustic
Inland Waters Sonar
In-water sound
Marbled murrelet
Component Test –
– Keyport
(sonar)
Bull trout
Acoustic Test
Inland Waters
Marbled murrelet
Facility
- Dabob Bay
Bull trout
Range
Complex
Acoustic
Inland Waters Sonar
In-water sound
Marbled murrelet
Component Test –
– Keyport
Surface ship
(sonar)
Bull trout
Pierside Integrated
Range
Divers
Vessel noise
Swimmer Defense
Complex
Vessel strike
Sediment and
water quality
In-water
disturbance
Pierside Acoustic
Inland Waters Surface ship
Vessel noise
Marbled murrelet
Testing
– Bangor
Unmanned surface or
Vessel strike
Bull trout
Sediment and
Inland Waters underwater vessel
Marbled murrelet
Targets
water quality
– Bremerton
Bull trout
Seafloor devices
Seafloor habitat
Sonar
disturbance
In-water sound
(sonar)
In-water devices
Performance At-Sea Inland Waters Surface ship
Vessel noise
Marbled murrelet
Testing: Operating - Dabob Bay
Unmanned surface or
Vessel strike
Bull trout
Autonomous
Range
underwater vessel
Sediment and
Underwater Vessel
Complex
Sonar
water quality
Seafloor habitat
Inland Waters Targets
Marbled murrelet
Seafloor devices
disturbance
– Carr Inlet
Bull trout
In-water sound
(sonar)
In-water devices
System, Subsystem Inland Waters Surface ship
Vessel noise
Marbled murrelet
and Component
- Dabob Bay
Unmanned surface or
Vessel strike
Bull trout
Testing –
Range
underwater vessel
Sediment and
Development
Complex
Sonar
water quality
Training and
Seafloor habitat
Inland Waters Targets
Marbled murrelet
Testing
Seafloor devices
disturbance
– Carr Inlet
Bull trout
In-water sound
(sonar)
In-water devices
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Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Proof of Concept
Inland Waters Surface ship
Vessel noise
Marbled murrelet
Testing
- Dabob Bay
Unmanned surface or
Vessel strike
Bull trout
Range
underwater vessel
Sediment and
Complex
Sonar
water quality
Seafloor habitat
Inland Waters Targets
Marbled murrelet
Seafloor devices
disturbance
– Carr Inlet
Bull trout
Divers
In-water sound
(sonar)
In-water
disturbance
In-water devices
Pierside Sonar
Inland Waters Sonar
In-water sound
Marbled murrelet
Testing
– Bangor
(sonar)
Bull trout
Inland Waters
Marbled murrelet
– Bremerton
Bull trout
Inland Waters
Marbled murrelet
– Everett
Bull trout
Shipboard
Inland Waters Sonar
In-water sound
Marbled murrelet
Protection Systems – Bangor
Divers
(sonar)
Bull trout
and Swimmer
In-water
Defense Testing –
disturbance
Inland Waters
Marbled murrelet
Pierside Integrated
– Keyport
Bull trout
Swimmer Defense
Unmanned Vessel
Inland Waters Surface ship
Vessel noise
Marbled murrelet
Testing –
- Dabob Bay
Unmanned surface or
Vessel strike
Bull trout
Unmanned Vessel
Range
underwater vessel
Sediment and
Development and
Complex
Sonar
water quality
Payload Testing
Energy stressors
Inland Waters Expendable material (wires)
Marbled murrelet
(electromagnetic, Bull trout
– Keyport
Lasers)
In-water sound
(sonar)
Entanglement
In-water devices
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Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Anti-Surface
Offshore Area Submarine
Vessel noise
Short-tailed
Warfare/AntiSurface ship
Vessel strike
albatross
Submarine Warfare
Aircraft
Sediment and
Marbled murrelet
Testing – Torpedo
Torpedoes
water quality
(Explosive) Testing
Sonar
Aircraft noise
Expendable material (wires)
Aircraft strike
Targets
Air quality
Underwater
explosion
Ingestion
In-water sound
(sonar)
Entanglement
In-water devices
Anti-Surface
Offshore Area Submarine
Vessel noise
Short-tailed
Warfare/Anti– Quinault
Surface ship
Vessel strike
albatross
Submarine Warfare Range
Aircraft
Sediment and
Marbled murrelet
Testing – Torpedo
Complex
Torpedoes
water quality
Non-Explosive
Sonar
Aircraft noise
Testing
Expendable material (wires)
Aircraft strike
Targets
Air quality
Sonobuoys
Ingestion
In-water sound
(sonar)
Entanglement
In-water devices
Anti-Surface
Offshore Area Surface ship
Vessel noise
Short-tailed
Warfare/Anti– Quinault
Torpedoes
Vessel strike
albatross
Submarine Warfare Range
Sonar
Sediment and
Marbled murrelet
Complex
Testing –
Expendable material (cables
water quality
Countermeasure
Ingestion
Inland Waters and wires)
Marbled murrelet
Testing
In-water sound
- Dabob Bay
Bull trout
(sonar)
Range
Entanglement
Complex
In-water devices
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Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
New Ship
Offshore Area Surface ship
Vessel noise
Short-tailed
Construction –
– Quinault
Submarine
Vessel strike
albatross
Anti-Submarine
Range
Aircraft
Sediment and
Marbled murrelet
Warfare Mission
Complex
Torpedoes
water quality
Package Testing
Sonar
Aircraft noise
Sonobuoys
Aircraft strike
Air quality
Ingestion
In-water sound
(sonar)
Entanglement
In-water devices
Anti-Submarine
Offshore Area Aircraft
Aircraft noise
Short-tailed
Warfare Tracking
Submarines
Aircraft strike
albatross
Marbled murrelet
Test – Maritime
Sonobuoys
Air quality
Patrol Aircraft,
Sonar
Vessel noise
Directional
Vessel strike
Command
Sediment and
Activated Sonobuoy
water quality
System
In-water sound
(sonar)
Ingestion
Entanglement
Anti-Submarine
Offshore Area Aircraft
Aircraft noise
Short-tailed
Warfare Tracking
Submarines
Aircraft strike
albatross
Test – Maritime
Sonobuoys
Air quality
Marbled murrelet
Patrol Aircraft
Sonar
Vessel noise
(Multistatic Active
Vessel strike
Coherent)
Sediment and
water quality
In-water sound
(sonar)
Ingestion
Entanglement
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Table 14. Proposed training and testing activities, potential stressor caused by those activities, and the listed
species adversely affected to those stressors.
Action Area
Associated
Species/CH
Activity Name
Activity Components
Subunit
Stressors
Exposed
Anti-Submarine
Offshore Area Aircraft
Aircraft noise
Short-tailed
Warfare Tracking
Submarine
Aircraft strike
albatross
Test – Maritime
Sonobuoys
Air quality
Marbled murrelet
Patrol Aircraft
Sonar
Vessel noise
(Sound Underwater
Vessel strike
Signal)
Sediment and
water quality
In-water sound
(sonar)
Ingestion
Entanglement
Anti-Submarine
Offshore Area Aircraft
Aircraft noise
Short-tailed
Warfare Tracking
Submarine
Aircraft strike
albatross
Test – Maritime
Sonobuoys
Air quality
Marbled murrelet
Patrol Aircraft
Vessel noise
(Improved Extended
Vessel strike
Echo Ranging)
Sediment and
water quality
Ingestion
Entanglement
Anti-Submarine
Offshore Area Aircraft
Aircraft noise
Short-tailed
Warfare Tracking
Submarine
Aircraft strike
albatross
Test – Maritime
Sonobuoys
Air quality
Marbled murrelet
Patrol Aircraft
Sonar
Vessel noise
(High Duty Cycle)
Vessel strike
Underwater
explosions
Sediment and
water quality
In-water sound
(sonar)
Ingestion
Entanglement
Flare Test
Offshore Area Aircraft
Aircraft noise
Short-tailed
Expendable Materials (flares) Aircraft strike
albatross
Air quality
Marbled murrelet
Ingestion
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10.4
10.4.1

Analysis of the Effects of Acoustics and Impulses
Definitions of Acoustics Terminology

Throughout this section we use a number of technical terms when discussing the physical
properties of sound-related stressors that can result in physiological or behavioral effects in
exposed animals. The following is a 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 in units called decibels (dB).
Bow Shock/Projectile Shock Wave: Bow shock wave or projectile shock wave occurs when a
projectile travels at supersonic speeds. Bow shock/projectile shock waves originate off the bow
of a flying projectile as it pushes the air in front of it out of the way, similar to the bow wave
generated by a boat traveling through the water, but at supersonic speed. The shock wave
generated by this movement of air is cone-shaped and trails behind the projectile as it travels
supersonically through the air. This shock wave creates a sonic boom when the velocity is high
enough.
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 by humans (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) * (peak).
Muzzle Blast: A blast that occurs at the end of a weapon when munitions are fired. Muzzle
blasts are usually characterized by two blast waves, two jet flows, and the shock-wave/movingbody interaction (Jiang 2003, p. 1665). The pressure is higher behind the projectile and lower in
front of it due to the friction force between the projectile and the shock tube wall, which
maintains a balance between the driving and the drag forces acting on the projectile (Jiang 2003,
p. 1665).
Overpressure: Instantaneous pressure excursion of a pressure wave from ambient static pressure
at a particular point in space; overpressure and sound pressure are equivalent terms. The term
“sound pressure” is generally used in reference to acoustics, i.e., the study of weak pressure
waves, while overpressure is the study of strong pressure waves, especially shock waves due to
explosive detonations (Pater 1981, p. 2).
Reference Pressure: The reference scale for underwater sound is 1 micro-Pascal (μPa) and is
expressed as dB re: 1 μPa. The reference pressure for in-air sound is 20 μPa and is expressed as
dB re: 20 μPa. The two values are different because the properties of water and air differ.
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Shock Wave: The waveform that develops when components of the wave attempt to travel faster
than the speed of sound within the medium, typically formed at the onset of high-intensity events
like explosions or where an object is moving through the medium at speeds faster than the speed
of sound. This typically results in an abrupt change in pressure at the leading edge of the
waveform and additional broadening of the signal's spectrum. Highly compressed air traveling
at supersonic velocities and rapidly decreasing pressures. Shock waves create a vacuum,
resulting in wind in the vicinity of the detonation.
Sound: A term describing the physical effect of vibrations in air, water, or other matrix that
stimulates 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): SEL is the level of sound accumulated, both positive and
negative pressure, during a given event. SEL is a metric that incorporates both SPL and
duration. SEL is calculated as 10 times the logarithm of the integral, with respect to duration, of
the mean-square sound pressure, referenced to μPa2-sec. Using this metric, 0 - SEL corresponds
to a continuous sound whose root mean square (rms) sound pressure equals the reference
pressure of 1 μPa at a duration of 1 s (Morfey 2001).
Sound Pressure Levels (SPL): Sound pressure level is 10 log (P/Pref)2, where P is the sound
pressure (Pa) and Pref is a reference pressure. The reference pressure is 1 μPa in water and 20
μPa in air. A SPL should be identified as a peak or rms.
Peak pressure: The highest level, amplitude, or greatest absolute SPL during the time of
observation. SPLs that are expressed as peak may be used when discussing injury or mortality to
aquatic species.
Root mean square (rms): The rms 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.
SPLs expressed as rms are commonly used in discussing behavioral effects, typically associated
with sounds that are not instantaneous in duration. Behavioral effects often result from auditory
cues, often associated with longer durations of exposure, and may be better expressed through
averaged units than by peak pressures.
Transmission loss: The loss of sound energy as sound passes through a medium, such as water
or air. Several factors may affect transmission loss such as the spreading of the sound over a
wider area (spreading loss), losses to friction (absorption), scattering and/or reflection 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 airwater interface).
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10.4.2

General Principles of Sound

Sound is a vibration or acoustic wave that travels through a medium and is the physical stimulus
responsible for the sensation of perceiving vibrations and/or hearing. Thus, sound is a
mechanical disturbance in the medium in which the animal lives. The pressure of an acoustic
wave is described through its change in amplitude, phase, and frequency with respect to time. A
tone is a sound of a constant frequency that continues for a substantial time. A pulse is a sound
of short duration, and may include a broad range of frequencies. Explosions are impulsive
sounds. The sonar ping resembles a continuous tone with respect to its frequency content, and it
also resembles an impulse with respect to its time duration, making sonar different from both
impulses and continuous signals. We will describe how both impulsive sounds (in-air and
underwater) and sonar (underwater) affect bull trout, marbled murrelets, and short-tailed
albatross in the following sections.
The perception, or hearing of sound, according to Wever (1974), is the response of an animal to
sound vibration by means of special organs for which such vibrations are the most effective
stimuli. Animals that live in the terrestrial environment typically detect sound via hair cells in
their ears that are stimulated, or vibrated by what is producing the sound; while aquatic animals,
such as marine mammals, have mechanisms by which their hair cells may be bypassed and their
hearing is instead stimulated via bone conduction. Sensory functions can be stimulated by
hearing (sound pressure waves) and also by particle displacements. Some animals have other
sensory organs besides the hair cells in their inner ears. For example, fish have a lateral line
(called neuromasts) while other invertebrates have chordotonal organs that are responsive to
mechanical and sound vibrations, sensing changes in gravity, pressure, tension, and motion)
(Sebeok 1977). Sensory functions can be stimulated by hearing if the frequency is audible, and
by other mechanisms via other sensory organs. For instance, although an animal may not hear
frequencies ranging from the infrasonic to ultrasonic, they may be able to sense them via other
methods. We expect that although some of the Navy sonar tones may be outside the hearing
range of an animal, they may still detect it via other sensory organs.
A decibel (dB) is a relative measure of sound that must be accompanied by a reference scale and
a metric that identifies whether the sound dB is a peak, a root mean square, and is often denoted
as an SEL. When this Opinion describes an underwater SPL, the reference pressure is 1 microPascal (μPa) and is expressed as “dB re: 1 μPa.” For in-air sound pressure, the reference
pressure is 20 μPa, expressed as “dB re: 20 μPa.” In-air sound, typically measured on an Aweighted scale (which approximates human hearing), will always be re: 20 μPa and is denoted as
dBA. For this Opinion we have assumed that some of the limited resources available regarding
in-air sound are A-weighted, although the documents only denote the sound metric as “dB”
(these instances are noted). Ambient noise is background noise that incorporates the broad range
of individual sources. Some sources of ambient noise include wind, waves, organisms, shipping
traffic, rain, and industrial activity.
As sound propagates away from a source, several factors can change its amplitude. The sum
effect of all propagation and loss of a signal is called the transmission loss. Transmission loss is
the reduction of energy as sound passes through a medium, such as water or air. Several factors
are involved in transmission loss including the spreading of the sound over a wider area
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(spreading loss), losses to friction (absorption), scattering and reflections from objects in the
sound’s path, and interference with one or more reflections of the sound off of surfaces (in the
case of underwater sound, these surfaces are the substrate, land, air-water interface, etc.).
10.4.3

Auditory Effects to Fish and Birds Caused by Exposure to Impulses and Sonar

Exposure to elevated SPLs from impulses or sonar can cause auditory injury. Exposure to
impulses and elevated SPLs, including those associated with explosive detonations, weapons
firing, and sonar can cause “threshold shift,” (TS) where there is decreased hearing capability, at
specific frequencies, for periods lasting from hours to days, or permanently. The onset and
degree of TS resulting from noise exposure varies among species. Popper et al. (2005) and Song
et al. (2008) investigated the effects of exposing three species of fish to seismic and airgun shots.
The inner ears of these fishes were examined and no physical damage to the sensory cells was
found (Song et al. 2008, pp. 1362-1365); specific to fishes, this is referred to as non-injurious
TS.
When hearing loss is temporary it is sometimes categorized as a short-term fatiguing of the
auditory system (rather than “injury”) (Popper et al. 2005). However, Ryals et al. (1999)
documented hair cell loss in birds that experienced acoustic overexposure. Using scanning
electron photomicrographs the authors showed that hair cell loss and damage occurred on the
surface of the papillae in the inner ears of birds. In several instances the hair cells did not
recover, and the TS was permanent. When exposure to acoustic sources results in shifts in
hearing sensitivity and there is loss and/or physical damage of hair cells, whether permanent or
temporary, we refer to this as TS and consider it a form of injury.
Smith et al. (2006, p. 4189) found continuous white noise at 170 dB rms re: 1 μPa for 48 hours
caused goldfish (Carassius auratus) to experience significant temporary threshold shift (TTS (13
to 20 dB)) at frequencies between 0.2 - 2 kHz. Scanning electron microscopy showed recovery
from the TTS took up to seven days and full replacement of the sensory cells took eight days.
Some recoverable loss of sensory hair cells occurred in the ear after 48 hours of exposure to
white noise at 170 dB rms re: 1 μPa; however, there was evidence of scarring in the saccule,
characteristic of hair cell loss (Smith et al. 2006, p. 4189). Smith et al. (2006, p. 4189) found
that the TTS involved significant hair cell loss in the caudal and central regions of the goldfish
saccule. The greatest loss of hair cells occurred during the 48 hours of noise exposure and
continued after one day of recovery. This pattern of hair cell loss coincides with the period of
maximum cell death in the caudal saccule. In the central saccule, maximum bundle loss was
observed after 3 to 5 days of recovery from noise, indicating ongoing degeneration following
cessation of noise. Progressive post-exposure development of noise-induced morphological
damage has also been noted in other teleost fishes and in the mammalian cochlea (Hastings et al.
1996; McCauley et al. 2003). Significant apoptosis was only detected for 2 days after noise
exposure, suggesting that some dying hair cells in the central saccule may have retained their
bundles for one or more days before the bundle degenerated.
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Hastings et al. (1996) found the oscar (Astronotus ocellatus) experienced damage to the small
regions of the utricle and lagena (inner ear organs) from 1 hour of continuous sound at
frequencies ranging from 60 to 300 Hz, and sound levels from 100 to less than 180 dB rms
re: 1 μPa. The utricle is fluid-filled cavity forming part of inner ear, part of vestibular system, an
otolith organ that contains hair cells and sends signals to the brain concerning orientation of the
head. The lagena is the 3rd otolith organ and discriminates sound oscillations, identifies
gravitation vector, and orientation in the course of movement within the vertical plane (in birds is
navigation ability related to magnetic fields). Popper et al (Popper et al. 2007) found rainbow
trout didn’t not experience TTS from sonar at frequencies between 100-500 Hz, and 193 dB
re: 1 μPa; however, histology of the inner ear occurred prior to 4 days post-exposure, and it is
possible that the damage had not yet manifested. Hastings et al. (1996, p. 1763) performed
histology at 1-4 days post-exposure with scanning electron microscopy of the ciliary bundles and
found that damage was not evident in fish necropsied 1 day post-exposure, but damage to the
inner ear organs was evident in fish necropsied 4 days post-exposure.
With regard to auditory damage, the inner ear is most susceptible to trauma, although intense
sounds can also damage the middle and outer ear (Gisiner et al. 1998, p. 25). Not all frequencies
of sound produce equivalent damage at the same exposure level, nor will the same frequencyexposure combination cause equivalent damage in all species (Gisiner et al. 1998, p. 25). The
severity of resulting impact depends upon several factors such as the sensitivity of the subject,
and the level, frequency, and duration of the sound (Gisiner et al. 1998, p. 25). These effects are
not completely understood, however, it is generally acknowledged that there is considerable
variation within and between species, that for narrow-band noises, hearing loss centers around
the exposure frequency, and that there is some combination of sound level and exposure time
when hearing loss becomes irreversible (Gisiner et al. 1998, p. 25; Saunders and Dooling 1974,
p. 1). The majority of studies on mammals [cats and rodents (especially chinchilla)] used
relatively long duration stimuli (> 1 hour) and mid to low frequencies (1 to 4 kHz). These
studies 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 TS
without adequate recovery periods can also induce permanent, acute, hearing loss (Gisiner et al.
1998). An organism that is experiencing TS may suffer consequences from not detecting
biologically relevant sounds such as approaching predators or prey, and/or their mates attempting
to communicate.
Due to a lack of data on seabirds, we rely on data from other vertebrate species to draw
conclusions about levels of effect and effects thresholds for the marbled murrelet and the shorttailed albatross. After examining underwater sound mechanisms in dolphins, seals, turtles, and
seabirds (species not defined), Ketten et al. (2000) note that both seals and seabirds share
external auditory canals that are sheathed with fatty tissues. These mechanisms indicate
evolutionary adaptations that probably act as low impedance channels for underwater sound
(Ketten et al. 2000). Woehler (2002, p. 97) evaluated six species of penguins and concluded that
emperor penguins (Aptenodytes forsteri) can detect frequency sounds with an upper range limit
of 12.5 kHz (based on in-air sound). Since the auditory range of marbled murrelets is unknown,
we assume they can detect sounds ranging from 480 Hz to 12.5 kHz in air based on the
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frequencies of their vocalizations (Nelson 1997; Sanborn et al. 2005; Science Applications
International Corporation (SAIC) 2012) and the penguin data (penguins are diving seabirds,
while short-tailed albatross are more surface feeders).
Vocalizations of Laysan albatross indicated that their auditory range includes frequencies
between 85 Hz and 25 kHz (Sparling Jr. 1977, p. 256). Behavioral analysis of “eh” calls
revealed frequencies ranging as high as approximately 15 kHz (Sparling Jr. 1977, p. 262), while
the average frequency of a “squeak” was approximately 28 kHz, and could be as high as 32 kHz
(Sparling Jr. 1977, p. 264). The “eh” calls and “squeaks” primarily serve to maintain pair
bonding, during incubation, and/or maintain territories (Sparling Jr. 1977, p. 267). Therefore,
similarly to marbled murrelets, we expect that short-tailed albatross vocalize at the same
frequency ranges with which they can hear; we expect short-tailed albatross can hear frequencies
ranging from 85 Hz to 32 kHz [based on the albatross audiogram data by Sparling (1977)].
10.4.4

Non-Auditory Effects to Fish and Birds Caused by Exposure to Impulses and Sonar

The acoustic impedance of fish and other aquatic animals nearly matches that of water, so most
of the sound energy will enter their bodies if they are exposed (Hastings 1995, p. 979). Hastings
reports that “fish suffer damage to their auditory system and other parts of their bodies, and may
even die when exposed to high sound pressure levels (SPLs) underwater for relatively short
periods of time” and “damage may be apparent physically, or by changes in behavior or
morphology of sensory cells” (1995, p. 979). Many types of damage appear to be temporary, but
no studies found in the literature have assessed long-term effects (Hastings 1995, p. 979).
Sources of sound can cause internal bleeding and stunning (complete immobilization) (Hastings
1995). Gouramis (Trichogaster sp.) and goldfish exposed to continuous sound waves for 2 hours
experienced stunning between 8 and 30 minutes and/or death. Approximately 50 percent of fish
died when exposed to sound level at 192 dB peak re: 1 μPa and 400 Hz, 56 percent died at a
sound level of 198 dB peak re: 1 μPa and 150 Hz, and 25 percent died when exposed to sound at
204 dB re: 1 μPa at 250 Hz. If the amplitude and exposure of a fish to elevated underwater SPLs
is sufficient, we would expect they may be injured or killed.
Impulses can also injure and/or kill fishes by causing barotraumas (pathologies associated with
high sound levels including hemorrhage and rupture of internal organs) (Turnpenny and Nedwell
1994; Turnpenny et al. 1994; Popper 2003; Hastings and Popper 2005). The injuries associated
with exposure to impulses are referred to as barotraumas, and include hemorrhage and rupture of
internal organs, hemorrhaged eyes, and temporary stunning (Yelverton et al. 1973, p. 37;
Yelverton et al. 1975, p. 17; Yelverton and Richmond 1981, p. 6; Turnpenny and Nedwell 1994;
Hastings and Popper 2005). Death from barotrauma can be instantaneous, occurring within
minutes after exposure, or several days later (Abbott et al. 2002). Physical injury to aquatic
organisms may not result in immediate mortality. If an animal is injured, death may occur
several hours or days later, or injuries may be sublethal. Necropsy results from Sacramento
blackfish (Othodon microlepidotus) exposed to impulses showed fish with extensive internal
bleeding and a ruptured heart chamber were still capable of swimming for several hours before
death (Abbott et al. 2002). Sublethal injuries can reduce osmoregulatory efficiency and increase
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energy expenditure (Gaspin et al. 1976, p. 32; Govoni et al. 2008, p. 1) and can effect
equilibrium and interfere with the ability to carry out essential life functions such as feeding and
predator avoidance (Gaspin 1975; Turnpenny et al. 1994; Hastings et al. 1996; Popper 2003).
Exposure to impulse can cause the swimbladder of fishes to repeatedly expand and contract,
which essentially hammers adjacent tissue and organs that are bound in place near the
swimbladder (Gaspin 1975). Exposure to this type of pneumatic pounding (resulting from
explosions) can cause rupture of capillaries in the internal organs, as observed in fishes with
blood in the abdominal cavity, and maceration of kidney tissues (Abbott et al. 2002; Stadler,
pers. comm. 2002).
Yelverton and Richmond (1981, p. 3) and Yelverton and others (1973, p. 9) exposed many fish
species, various birds, and terrestrial mammals to underwater explosions. Common to all the
species that were exposed to underwater blasts were injuries to air and gas-filled organs, as well
as eardrums. These 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. As a sound
travels from a fluid medium into these gas-filled structures there is a dramatic drop in pressure
which can cause rupture of the hollow organs (Gisiner et al. 1998, p. 61).
10.4.5

Effect Thresholds for Sonar and Explosions

We previously established thresholds for the effects of impulsive sound (i.e., impact pile driving)
on the bull trout and the marbled murrelet that we developed in coordination with the interagency Fisheries Hydroacoustic Working Group (FHWG) and an interdisciplinary Science
Panel. Much of the basis for these thresholds is research of the effects of underwater explosions
on fish and birds (Cudahy and Ellison 2002; Gisiner et al. 1998; Hastings and Popper 2005;
Yelverton et al. 1973; Yelverton and Richmond 1981).
In 2004, the FHWG proposed the use of a SEL to correlate physical injury to fishes exposed to
elevated levels of underwater sound produced during pile driving. Threshold criteria
recommended from the FHWG for injury, to salmonids were:
•

206 dBpeak ( re: 1 μPa2-sec)

•

187 dB SEL (re: 1 μPa2-sec) for fishes 2 grams or larger

•

183 dB SEL (re: 1 μPa2-sec) for fishes smaller than 2 grams

To address potential impacts of pile driving on marbled murrelets, the Service, in coordination
with the Navy, convened an interdisciplinary science panel to develop and recommend interim
criteria for evaluation on the onset of injury to the marbled murrelet from underwater sounds
(SAIC 2011; 2012). The science panel consisted of technical experts and scientists affiliated
with federal agencies, academia, and consulting firms that had expertise in underwater acoustics;
sound impacts on fish, marine mammals, and terrestrial and marine birds; and the life history and
demography of the marbled murrelet.
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In July, 2011, Science Panel I recommended thresholds for marbled murrelets for onset of noninjurious TS in hearing, onset of auditory injury, and onset of non-auditory injury (barotrauma)
(SAIC 2011). Thresholds recommended were:
•

Non-injurious TS of 187 dB SEL re: 1 µPa2-sec

•

Auditory injury threshold of 202 dB SEL re: 1 µPa2-sec

•

Barotrauma at 208 SEL re: 1 µPa2-sec

In March, 2012, in response to the lack of data regarding non-injurious TS and masking effects
that occur to marbled murrelets from pile driving, the Service and the Navy convened Science
Panel II to evaluate the onset of non-injurious TS (SAIC 2011). Science Panel II recommended
a threshold for masking and ranges to the masking threshold: 42 meters for piles smaller than
36-inch diameter and 168 meters for piles equal to 36-inch diameter, and recommended moving
away from a non-injurious TS threshold.
The Service established these thresholds for all activities involving pile driving. These
thresholds are based on research that examined explosions. In the absence of established
thresholds related to effects from sonar and underwater explosions, the Service has in the past
used these thresholds, derived specifically for pile driving, for the few consultations and/or
technical assistance recommendations provided for projects involving explosives or sonar.
For purposes of this analysis, effect thresholds for explosions and sonar were established because
application of the pile-driving effect thresholds is not entirely appropriate, as those stressors
differ both in magnitude and the mechanism of effect. The Navy proposed new sonar and
explosion-specific effect thresholds based on recent work by Popper et al. (2014) and Hawkins
and Popper (2014). The Navy also proposed new effect thresholds related to explosions and
seabirds that were derived from the same research used by the Service to establish effect
thresholds for pile driving (Damon et al. 1974; Yelverton et al. 1973; Yelverton et al. 1975;
Yelverton and Richmond 1981). At the request of the Service, a further refinement was
conducted by the Navy to scale the explosive impulse effect thresholds so they reflected the
differing masses of a marbled murrelet and a short-tailed albatross.
Explosions can result in a variety of effects including, but not limited to, rapid changes in
underpressures and overpressures, and strike by fragments traveling at high velocities. Effects
and severity will vary depending on where the explosion occurs, in the air, or underwater. In the
air, some effects are more severe in the near field (blast zone), while others (e.g., sound and
fragmentation) extend further away, into the far field. The energy of a blast pressure wave
decays fairly rapidly in the blast zone, and the energy loss (transmission loss) in the far field has
relatively slow decay per unit of distance traveled. Depending on the matrix, sound from
explosions can travel up to 1,500 meters per second underwater, while sound in air travels
slower, around 340 meters per second. Also, when explosives contain an outer casing, the
fragments can travel in the air at velocities and to distances that can result in injury beyond the
extent of the blast energy (The National Counterterrorism Center 2014b).
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An underwater detonation produces a blast 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), and the
distance from the detonation site (the strength of the blast pressure wave dissipates with
increasing distance). The typical blast pressure wave from an explosion consists of an
instantaneous increase of 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 milliseconds or seconds and
pressure is measured in micropascals (μPa).
Exposure to explosions in air or underwater results in similar types of injuries (e.g., barotrauma,
mortality, and auditory damage), but severity of injury may vary based on distance from the
explosion. For example, if animals are close enough to the detonation they may experience
injuries to lungs, eyes, gastrointestinal tract, ears, kidneys, and other organs. The animals’
proximity to the explosion will influence the severity and nature of their injuries. Explosive
impulses behave differently underwater than in the air because of the different properties of air
versus water. Sound travels much faster underwater than in air, while explosive casing
fragments will travel much farther and faster in air than underwater. This is why the potential
“areas where injury may occur” or “ranges to thresholds” are different when explosions occur in
the air versus underwater. Animals will be similarly injured by exposure to an explosion
depending on 1) their physiological characteristics, 2) proximity to the explosion, 3) charge
weight of the explosive and the energy released upon detonation, and the 4) medium the
explosion occurs in (air or water, or both).
When animals are exposed to explosions, behavioral responses can range from stress to
avoidance or fleeing the area. Allostasis is the process through which organisms maintain
stability by actively adjusting behaviorally and physiologically to both predictable (e.g. seasonal
changes) and unpredictable events (e.g. storms, predation) (Korte et al. 2005; Mcewen and
Wingfield 2003). A classic stress response begins when an animal’s central nervous system
perceives a potential threat to its homeostasis, thereby triggering a biological response that
consists of a combination of behavioral responses, autonomic nervous system responses, and
neuroendocrine responses (Buchanan 2000). When stress responses are repeated or chronic,
allostatic loading occurs.
Allostatic load refers to the cumulative wear and tear on the body as 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; Korte et al. 2005; Mcewen and Wingfield 2003) that
humans commonly associate with stress. These responses are relatively short in duration and
may or may not involve significant long-term effects 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
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experience the diversion. For example, when a stress response diverts energy away from growth
in young animals, those animals may experience stunted growth. A stress response diverts
energy away from egg production, an animal’s reproductive success and its fitness may suffer.
The behavioral and physiological reactions to short- versus long-term stress can vary in extent
and consequence. The rapid onset of an unpredictable event, such as a predatory attack, will
bring on stress responses that are designed to aid an animal immediately. 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. 2004; Smith et al. 2004; Trimper et al. 1998). These stress
responses are expected from exposure to the following events in which multiple-per-day
activities occur; detonations, helicopters in marine waters, and the overflights occurring over
nesting habitat in the terrestrial environment (see Aircraft Noise section). We anticipate that
when birds experience permanently reduced hearing sensitivity (TS) or repeated exposure to
detonations and overflights, they may experience additional physiological effects, including
increased risk of predation, reduced reproductive success, and reduced foraging efficiency.
The Navy’s use of explosives is expected to be intermittent and interspersed over large areas.
The stressors associated with explosives are typically short in duration. In the event that
individual bull trout, marbled murrelets, and short-tailed albatross are exposed to explosions and
not injured or killed, we expect that they will respond with a startle response, flushing, and/or
avoidance behaviors (i.e., diving, or leaving the area). Whether these behavioral responses result
in a measureable effect to individuals depends largely on the duration of the exposure, as detailed
below.
Table 15 describes the explosives that will be used by the Navy over the next 20 years in Inland
Waters of Puget Sound and/or in Offshore Areas. Detonations may occur in the air, underwater,
or at the water surface (within 1 meter of the surface). Explosive devices include bombs,
missiles, explosive projectiles, shock wave action generators, explosive sonobuoys, and
torpedoes.
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Table 15. Explosives used in the proposed training and testing activities.
NWTT Detonation
Net Explosive
Source
Matrix (Air,
Weight (pounds
Example Ordnance
Class
Underwater, Water
[lb.])
Surface < 1 m)
< E1

Shock wave action
generators

< 0.1

Underwater

E1*

Medium-caliber projectiles

0.1–0.25

At Surface/Air

E3*

Large-caliber projectiles

> 0.5–2.5

Air, Underwater, or
Water Surface < 1m

E4

Improved Extended Echo
Ranging Sonobuoy

> 2.5–5.0

Underwater

E5*

5-inch projectiles

> 5–10

Air or Water Surface <
1m

E7*

Rolling airframe anti-air
missile

> 20-60

Air or Underwater

E8*

MK-46 Torpedo

> 60–100

Underwater

E10*

Air-to-surface missile

> 250–500

Air or Water Surface < 1
m

E11

MK-48 Torpedo

> 500–650

Underwater

E12*

2,000 lb Bomb

> 650–1,000

Air or Water Surface <
1m

* May detonate in the air.

10.4.5.1

Sonar

Sonar signals occur as pulses over a broad range of frequencies. Sonar signals present an
adequate stimulus that excites 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 expect that bull trout, marbled
murrelets, and short-tailed albatross can detect sonar sounds that contain energy in the frequency
range that they can hear.
Sonar sound differs from sound created by explosions and impact pile driving because sonar
usually operates at a single frequency or multiple single frequencies operating at once. Sound
from explosions and impact pile driving is broadband sound that includes a wide array of
frequencies. In the past, the Service considered sonar similar enough to explosions that sonar
was analyzed in the same manner as explosions. For this analysis, the Service analyzed the
effects of sonar pings as a pure tone rather than as an impulsive sound assuming that sonar
operates at a single frequency (or multiple simultaneously operating single frequencies), not a
broad range of frequencies like explosions. Therefore, when converting in-air sound data to an
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equivalent underwater sound we did not apply the extra 15 dB for spectral correction to account
for this difference. More information about this approach is provided in the section below on
thresholds for sonar.
High-frequency sonar sources are generally lower powered than mid-frequency sources and even
with extended durations of use, these sources would not generate a cumulative SEL or operate at
durations that would result in injury to bull trout, marbled murrelets, and short-tailed albatross
(Commander, Pacific Fleet and Naval Sea Systems Command, in litt. 2016). With tissue injury,
or damage to the auditory system, frequencies falling outside the hearing range of the animal
may still be important and cannot be automatically discounted; for example, although they may
be inaudible, the high frequencies associated with rapid-rise times in impulsive signals may bring
about or exacerbate injury (Hawkins and Popper 2014). The sound wave from sonar does not
reflect high rise times, like are seen with true impulsive sounds. When high-frequency sonar
(greater than 10 kHz) is used, we expect that short-tailed albatross can hear the sonar when the
frequencies used are between 10 and 31 kHz, and that marbled murrelets can hear the sonar
when the frequencies are between 10 and 11.5 kHz (Nelson 1997; Sanborn et al. 2005; SAIC
2012). A complete list of sonar operated by the Navy is described in Table 16.
10.4.5.1.1 Effects of Sonar on Bull Trout
Some research on mid-frequency active sonar has shown that it does not result in physiological
damage to adult fish (Halvorsen et al. 2013; Jorgensen et al. 2005; Kvadsheim and Sevaldsen
2005). Injury and mortality may occur at higher sound levels, but this has not been tested
(Popper et al. 2014, p. 48). Sonar may induce TTS in some fish with swim bladders involved in
their hearing (Halvorsen et al. 2012; Halvorsen et al. 2013).
There are no published studies specific to the effects of sonar on bull trout. However, there are
some data specific to the effects of sonar on other fishes (Doksaeter et al. 2012; Halvorsen et al.
2012; Halvorsen et al. 2013; Kane et al. 2010) and we relied on this information in our analysis
of the effects of sonar on bull trout. The general structure of the auditory system, and the lack of
specializations for enhanced hearing, is the same in all salmonids; the inner ear is very similar
for rainbow trout, Atlantic salmon, Chinook salmon, and other salmonids (Popper et al. 2007, p.
624). Therefore, we expect bull trout hear similarly as other salmonids.
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Table 16. Source bins for sonar used in the proposed training and testing activities.
Source Class Category
Low-Frequency (LF): Sources that produce
low-frequency (less than 1 kHz) signals

Source
Class
LF4

Low-frequency sources equal to 180 dB and up to 200 dB

LF5

Low-frequency sources less than 180 dB
Hull-mounted surface ship sonar (e.g., AN/SQS-53C and
AN/SQS-60)
Hull-mounted submarine sonar (e.g., AN/BQQ-10)
Helicopter-deployed dipping sonar (e.g., AN/AQS-22 and
AN/AQS-13)
Active acoustic sonobuoys (e.g., DICASS)
Active underwater sound signal devices (e.g., MK-84)
Active sources (greater than 200 dB)
Active sources (equal to 180 dB and up to 200 dB)
Active sources (greater than 160 dB, but less than 180 dB)
not otherwise binned
Hull-mounted surface ship sonar with an active duty cycle
greater than 80 percent
High duty cycle – variable depth sonar
Hull-mounted submarine sonar (e.g., AN/BQQ-10)
Hull-mounted submarine sonar (classified)
Mine detection, classification, and neutralization sonar
(e.g., AN/SQS-20)

MF1
MF3
MF4
Mid-Frequency (MF): Tactical and non-tactical
sources that produce mid-frequency (1 to 10
kHz) signals

MF5
MF6
MF8
MF9
MF10
MF11
MF12
HF1
HF3

High-Frequency (HF): Tactical and non-tactical
sources that produce high-frequency (greater than
10 kHz but less than 100 kHz) signals

Very High-Frequency (VHF): Tactical and
non-tactical sources that produce signals greater
than 100 kHz but less than 200 kHz

HF4
HF5

Active sources (greater than 200 dB)

HF6

Active sources (equal to 180 dB and up to 200 dB)

VHF2

Active sources with a frequency greater than 100 kHz, up
to 200 kHz with a source level less than 200 dB
Mid-frequency Deep Water Active Distributed System
(DWADS)
Mid-frequency Multistatic Active Coherent sonobuoy (e.g.,
AN/SSQ-125) – sources analyzed by number of items
(sonobuoys)
Mid-frequency Multistatic Active Coherent sonobuoy (e.g.,
AN/SSQ-125) – Sources that are analyzed by hours
Mid-frequency towed active acoustic countermeasure
systems (e.g., AN/SLQ-25)
Mid-frequency expendable active acoustic device
countermeasures (e.g., MK-3)

ASW1

Anti-Submarine Warfare: Tactical sources
such as active sonobuoys and acoustic
countermeasures systems used during the
conduct of ASW training and testing activities

ASW2
ASW2H
ASW3
ASW4

Torpedoes (TORP): Source classes associated
with the active acoustic signals produced by
torpedoes

Description

TORP1

Lightweight torpedo (e.g., MK-46, MK-54)

TORP2

Heavyweight torpedo (e.g., MK-48, electric vehicles)

Acoustic Modems (M): Systems used to
transmit data acoustically through the water

M3

Swimmer Detection Sonar (SD): Systems used
to detect divers and submerged swimmers

SD1

Synthetic Aperture Sonar (SAS): Sonar in
which active acoustic signals are post-processed
to form high-resolution images of the seafloor

SAS2

Mid-frequency acoustic modems and similar sources (up to
210 dB) (e.g., UEWS, ATN)
High-frequency sources with short pulse lengths, used for
the detection of swimmers and other objects for the
purpose of port security.
High-frequency UUV (e.g., UUV payloads)

Notes: ATN = aid to navigation, dB = decibels, DICASS = Directional Command Activated Sonobuoy System, kHz = kilohertz, UEWS =
underwater emergency warning system, UUV = unmanned underwater vehicle, all sound pressure levels are rms values.
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Salmonids can detect sound at frequencies between 10 Hz (Knudsen et al. 1997, p. 828) and 600
Hz (Mueller et al. 1998, p. 2). Hawkins and Johnstone (1978, p. 660) found salmon did not
respond to frequencies greater than 380 Hz regardless of the sound level, but there was a clear
response from salmon at 580 Hz, but only at high sound levels and under special conditions.
Popper et al. (2007, p. 623) found the most significant auditory threshold shift occurred in
rainbow trout at 400 Hz with sound levels up to 193 dB rms re: 1 µPa. A sound level of 193 dB
rms is estimated to be associated with a cumulative SEL of approximately 210 dB (re: 1 µPa).
Therefore, based on the best available information, we expect that when sonar is operated within
the hearing range of bull trout (up to approximately 600 Hz) and exceeds 210 dB SEL, the
exposed fish may experience injury, including injury associated with TTS in which hair cells or
hairs in the inner ear are damaged.
Sounds outside the hearing range of the animals, that are inaudible, may be capable of causing
damage to tissues, particularly, but not exclusively, high frequencies associated with rapid-rise
times, which could bring about or exacerbate injury (Popper et al. 2014, p. 6). There is a dearth
of evidence demonstrating that inaudible sound cause injury to fish with swim bladders that are
not associated with their hearing (e.g., bull trout); therefore, we cannot be reasonably certain that
injury would occur. Based on the best available science, we assume that if bull trout cannot hear
the sonar because it is at a frequency outside the their range of hearing, that they would not
injured by it as long as the amplitude does not result in particle motion and pressure changes that
can cause injury to them.
Salmonids only hear up to ~ 600 Hz; therefore, we expect that bull trout can hear low-frequency
sonar, and can’t hear mid- or high-frequency sonar. However, if the amplitude of the sonar is
high enough, we expect they can detect it when particle motion is stimulated sufficiently to incite
their lateral line detection of pressure change, regardless of the frequency. The Navy
acknowledged this by providing a threshold and ranges to effects related to mortality/injury of
cumulative sound that exceeds 218 dB SEL (see above) for low-frequency sonar and greater than
221 for mid-frequency sonar. Because high-frequency sonar attenuates so rapidly, and the range
to effects were so small, exposure of bull trout was considered extremely unlikely and thresholds
and range to effects were not established.
Low-frequency sonar (400 Hz) induced TS in fish with swim bladders that are not involved in
their hearing. Rainbow trout experienced 20 dB of TS at 193 dB rms and this TS was considered
temporary because sensory tissue of the inner ear did not show morphological damage after
several days post-exposure (Popper et al. 2007, p. 623). However, Popper et al. (2007, p. 623)
performed the inner ear histology prior to four days post-exposure and there is evidence that
damage may develop slowly after exposure, possibly taking at least 4 days before the damage
manifests and is observable (Hastings et al. 1996, p. 1789). Low-frequency active sonar has the
potential to damage any number of organs in fishes due to the sound intensity and can also
directly affect hearing because the ears of fishes detect the operational frequency range of the
sonar (Popper et al. 2007, p. 624).
Data for mortality and injury related to low- and mid-frequency sonar are based on Popper et al.
(2007), Halvorsen et al. (2012), and Kane et al. (2010), which showed no effect on the ear or
non-auditory tissues when the maximum received sound pressure levels were at 193 dB re: 1 µPa
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for low frequency sonar, and at 210 dB re: 1 µPa for mid-frequency sonar; injury, if it occurs, is
thought to begin at higher sound levels than tested to date. Fish may die when exposed to SPLs
from non-impulsive sound for longer periods of time, experiencing internal bleeding, transient
stunning, and mortality when exposed to SPLs between 192 and 204 dB peak re: 1 µPa (Hastings
1995, p. 981). Injury and mortality may occur at higher sound levels than those that resulted in
TS of 20 dB, at 193 dB rms re: 1 µPa, but this has not been tested (Popper et al. 2014, p. 48);
almost nothing is known about the potential effects of sound to organs other than auditory
(Popper et al. 2007, p. 624).
Mid-frequency sonar has not been shown to result in non-auditory physiological damage to some
adult fish (Halvorsen et al. 2013; Jorgensen et al. 2005; Kvadsheim and Sevaldsen 2005), while
other research showed channel catfish experienced statistically significant levels of TS of 4-6 dB
at 2,300 Hz (Halvorsen et al. 2012). The hearing sensitivity of rainbow trout was not affected by
sonar below 3,800 Hz (both fish exposed to a cumulative SEL of 220 dB re: 1 µPa2-sec)
(Halvorsen et al. 2012). However, the hearing range of rainbow trout is lower than the
frequencies that were present in the mid-frequency sound for this action (lower than 2,800 Hz)
(Halvorsen et al. 2012), and histology of these fish may have been performed prior to
manifestation of the damage. Kane (2010) exposed salmonids to low- and mid-frequency sonar
and found “no immediate effects from low-frequency sonar” and “no apparent effects of midfrequency sonar.” However, inner ear histology occurred prior to four days post-exposure
(within 48 hours post-exposure) and there is evidence that damage may develop slowly after
exposure, possibly taking at least four days before the damage is evident and observable
(Hastings et al. 1996, p. 1789).
We expect bull trout hearing to be most similar to other salmonids and we expect they would
experience similar effects to their hearing from the same sound sources. Therefore, we do not
expect bull trout can hear frequencies greater than 600 Hz or the mid-frequency sonar proposed
by the Navy for this consultation.
The Service’s sonar thresholds, developed in coordination with the Navy and NMFS, and the
distances to these thresholds, calculated by the Navy upon request by the Service, are shown in
Table 17. Thresholds were not developed for high-frequency sonar as bull trout and other
salmonids are not expected to detect sounds at these frequencies (Popper et al. 2014, p. 31), and
because the energy contained in high-frequency sonar emissions is not expected to accumulate to
levels that exceed our effect thresholds.
10.4.5.1.1.1

Effects of Sonar on Bull Trout in the Inland Waters Subunit

Bull trout will be exposed to sonar within the Inland Waters at Naval Base Kitsap Bangor, Naval
Base Kitsap Bremerton, Carr Inlet, Keyport Range Site, Dabob Bay Range Complex, and Naval
Station Everett. Bull trout will also be exposed to the Maritime Homeland Defense/Security
Mine Countermeasures Integrated Exercise Activity that can occur anywhere in Puget Sound.
Bull trout will not be exposed to sonar in the Offshore Area because all sonar use will be
conducted greater than 3 nm from shore, while bull trout are only expected to occur along the
shoreline within inland waters sites.
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10.4.5.1.1.1.1

Exposure

At Naval Station Everett, mid-frequency sonar (sonar source bin MF1) is used during both
surface ship sonar maintenance, and pierside sonar testing activities. For surface ship sonar
maintenance, the Navy estimates that up to six sonar maintenance events could occur each year.
The sonar may operate for up to two hours during each of the four-hour maintenance events for a
total of 12 hours. For pierside sonar testing, eight events could occur per year, with up to four
hours of sonar use (MF1) for a total of 32 hours.
The area of effect for an unspecified period of sonar emissions is approximately 226 m2. This
area of effect was calculated by multiplying 12 m by 12 m, and then multiplying by 3.14 to
calculate the total area (area of a circle = π r2) ensonified by sonar. The area of effect was then
divided by half because it does not include areas under ships or piers as fish have been found to
avoid the sharp light gradients resulting from the shade under piers (Munsch et al. 2014).
The Navy concluded that bull trout could not hear high-frequency sonar but could experience
mortality and injury from mid-frequency sonar when the sonar amplitude exceeds higher than
221 dB SEL re: 1 µPa (see thresholds in Table 17). The Navy did not provide the range to
effects (i.e., the distance from the sonar source at which injury of bull trout is likely to occur) for
bull trout for TTS, but did provide range to effects for mortality and injury. The Service
considers TTS in bull trout an effect that significantly disrupts normal behavioral patterns such
that it creates a likelihood of injury. The distance to the onset of injury (for source bin MF1) is
less than 12 m.
10.4.5.1.1.1.2

Response

Sonar will be used at Naval Base Kitsap Bangor, Naval Base Kitsap Bremerton, Carr Inlet,
Keyport Range Site, and Dabob Bay Range Complex. These locations are in south Puget Sound,
the Kitsap Peninsula, including Vashon Island and Bainbridge Island, and the eastern shore of
Hood Canal. Bull trout use of these areas is rare, and considered extremely unlikely.
Bull trout may be exposed to sonar emissions at Naval Station Everett, and during the Maritime
Homeland Defense/Security Mine Countermeasures Integrated Exercise Activity in Puget Sound.
Only high-frequency sonar is used for the maritime homeland defense/security mine
countermeasures integrated exercise activity in Puget Sound. We do not expect measureable
effects from high-frequency sonar to bull trout as salmonids are not able to detect these
frequencies (Popper et al. 2014, p. 31) and there won’t be a behavioral response. Also, the
energies contained in high-frequency sonar emissions are not expected to accumulate to levels
that exceed our threshold for TTS, or injury and mortality.
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Table 17. Navy-developed distance threshold for adverse effects to bull trout caused by sonar,
and the Service’s injury or mortality thresholds for bull trout exposure to sonar.
Sonar Bins

Mortality (meters)

Injury not including TTS
(meters)

LF4

0

0

TTS associated with injury
(meters)
2

LF5

0

0

0

ASW2

0

0

n/a (can’t hear)

MF1

<< 12

< 12

n/a (can’t hear)

MF3

<< 2

<2

n/a (can’t hear)

MF4

0

0

n/a (can’t hear)

MF5

0

0

n/a (can’t hear)

MF6

0

0

n/a (can’t hear)

MF8

<< 15

< 15

n/a (can’t hear)

MF9

0

0

n/a (can’t hear)

MF10

0

0

n/a (can’t hear)

MF11

<< 6

<6

n/a (can’t hear)

MF12

<< 5

<5

n/a (can’t hear)

ASW4
M3

<< 1
0

<1
0

Sonar
Thresholds

Mortality (dB SEL re: 1
µPa2-sec)

Injury not Including TTS (dB
SEL re: 1 µPa2-sec)

n/a (can’t hear)
0
TTS Associated with Injury
(hair cell damage/loss) (dB
SEL
re: 1 µPa2-sec)
210b
cannot hear

>>218a
>218a
Low Frequency
>>221c
>221c
Mid Frequency
a
(Kane et al. 2010; Popper et al. 2007)
b
(Halvorsen et al. 2013; Popper et al. 2007). The Navy expects TTS in some rainbow trout at 210 dB SEL and used
this value because it was considered most conservative (Navy thresholds document, dated 8/5/15).
c
(Kane et al. 2010; Popper et al. 2007)

For surface ship sonar maintenance and pierside sonar testing, bull trout at Naval Station Everett
that are within 12 m of MF1 sonar emissions may experience injury when the amplitude of the
sonar exceeds 221 dB SEL re: 1 µPa2-sec. The Service expects that if bull trout were
sufficiently exposed to MF1 sonar emissions with amplitudes greater than 221 dB SEL re: 1
µPa2-sec, they would be injured or killed. However, bull trout are mobile and their exposure to
sonar greater than 221 dB SEL re: 1 µPa2-sec is not expected to be of durations that are
reasonably certain to result in injury.
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10.4.5.1.1.1.3

Conclusion

Sonar use for the Maritime Homeland Defense/Security Mine Countermeasures Integrated
Exercise Activity in Puget Sound consists of only high frequency for which we expect the effects
to be insignificant. An unknown number of bull trout will be exposed to MF1 sonar emissions at
Naval Station Everett. Up to 44 hours of MF1 sonar will be used along the piers, with an area of
effect of 226 m2 waterward of the source where MF1 sonar emission occurs. However, bull trout
are transitory (moving), and their exposure to sonar greater than 221 dB SEL re: 1 µPa2-sec is
not expected to be for sufficient durations to result in injury.
10.4.5.1.2 Marbled Murrelet
10.4.5.1.2.1

Thresholds and Evaluation Criteria

There are no published studies specific to sonar and its effects on marbled murrelets, or any other
seabird. In the absence of controlled studies specific to seabirds, we applied data from in-air
sound that caused TS (Ryals et al. 1999) and applied correction factors for impedance and the
different reference pressures between air and water. Correction factors included adding a total of
36 dB to the dB level where TS occurred for impedance and an additional 26 dB for the
difference in air to water reference pressure.
Hearing sensitivity in birds may be reduced while underwater. Audiograms of several bird
species found sensitivity sharply falls off at the lower and upper bounds of avian hearing
(Crowell et al. 2015; Dooling et al. 2000). Dooling et al. (2000) noted that the average avian
audiogram shows a loss of sensitivity below 1 kHz of ~20dB/octave and a loss of sensitivity at
high frequencies above 4 kHz of ~60 dB/octave. Additionally, there is typically a shift in
sensitivity to lower frequencies when sounds are presented underwater versus in-air to the same
species (Dooling and Therrien 2012). Based on this information, we expect the upper range of
hearing for marbled murrelets is decreased by approximately 1 kHz when underwater.
Several categories of the proposed sonar are not expected to exceed the injury threshold (220 dB
SEL re 1 µPa2-sec) because the amplitude of the source levels are lower than approximately 180
to 200 dB peak (we assumed the values in Table 16, provided by the Navy, are peak dB levels).
With these peak amplitudes, we do not expect injury to birds because the duration of this
exposure would not result in exposure to SEL’s greater than 220 dB.
The Service expects that all low- and mid-frequency sonar (0.5 kHz to 10 kHz) is audible to
marbled murrelets (Sanborn et al. 2005) and lower portions of high-frequency sonar are also
audible. Based on the best available science, we expect marbled murrelets can hear frequencies
between 0.48 kHz to 11.5 kHz while underwater (Nelson 1997; Sanborn et al. 2005; SAIC 2012;
Sparling Jr. 1977). When sonar operates at frequencies between 0.5 kHz and 10 kHz (low- and
mid-frequencies) we expect marbled murrelets can hear it and if cumulative SELs exceed 220 dB
SEL we expect them to experience auditory injury.
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The Service coordinated with the Navy to develop thresholds for onset of injury to marbled
murrelets (Table 16). The Service asked the Navy to provide the range to effects (i.e., the
distance from the sonar source at which injury of marbled murrelets is likely to occur) for sonar
assuming marbled murrelet exposure occurred for a single ping, 5 minutes of pinging, and 30
minutes of pinging. Because marbled murrelets are highly mobile, we used the range to effects
for single ping and 5 minutes, assuming that marbled murrelets would not be exposed for
durations longer than that by mobile sonar. For stationary sources of sonar (pierside), we
assumed they may be exposed to up to 5 minutes of sonar pings because sources of prey may
attract them within an exposure area. The assumptions made in our exposure analysis are
described in detail in Appendices A and G.
For some of the sonar proposed, the Navy provided the number of units (sonobuoys, torpedoes,
etc.) that would be used throughout the year and stated that each unit would typically transmit for
8 minutes (Fitzgerald, pers. comm. 2015). To conduct the exposure analysis for sonar with count
units (i.e., 8 minute transmissions) rather than hours, the Service assumed that marbled murrelets
would be exposed to up to five minutes of any given eight-minute transmission.
There are several activities using very high- and high-frequency sonar that were categorized by
the Navy as “de minimis” (well outside the hearing range of the bird) and had operational
parameters that the Navy did not anticipate would result in any exposure. No detailed
information on quantity, duration, etc., was provided by the Navy. The Navy did note that these
activities could emit sonar intermittently for 8 hours per day, could continue for up to 40 hours,
and could be operated infrequently and intermittently for multiple, consecutive weeks. The
Navy determined that the potential effects from these emissions were discountable to marbled
murrelets. Based on the information that we do have on these emissions, it appears that peak
sound levels will not exceed 160 dB peak and therefore will not operate at frequencies, and for
durations, that would exceed the threshold for auditory injury (220 dB SEL re: 1µPa2-sec).
Therefore, we anticipate that while exposure may occur, the effects would be insignificant.
10.4.5.1.2.2
10.4.5.1.2.2.1

Effects of Sonar on Marbled Murrelets in the Inland Waters Subunit
Exposure

The area of exposure for sonar is defined by the range to effects, which is based on the sonar
amplitude, ping rate, and duration of pinging (i.e., the distance from the sonar source at which
we expect marbled murrelets may be injured by exposure to sonar) provided by the Navy (Table
18); however, not all of this information was provided to the Service due to classification of the
data. Based on the range to effects we analyzed the effects of sonar on marbled murrelets by
first defining the area of exposure and then determining the likelihood of marbled murrelet
exposure (see Appendices A and H for the probability of exposure in the Offshore Area and
number of groups exposed within the action area and Appendix G for the probability of exposure
in the Inland Waters). Table 19 describes sonar use where the probability of exposure is
considered insignificant or discountable. These are primarily moving sources of sonar. Marbled
murrelet exposure to moving sources of sonar of any frequency, including high-frequency sonar,
is expected to result in insignificant effects because both the sonar source and marbled murrelets
are transitory and exposure is unlikely to occur for durations that would result in injury. Other
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sonar used in Inland Waters had a range to effect of zero meters, meaning that emissions of sonar
at these frequencies will not result in exposures that exceed the threshold for onset of injury. We
did not calculate the probability of exposure of marbled murrelets to the sonar bins in Table 20
because we determined the effects would be insignificant, and there was no need for further
analysis.
Table 18. Navy-developed distance thresholds for adverse effects to the marbled murrelet
caused by sonar and the Service’s injury thresholds for marbled murrelet from sonar.

Sonar Bin
LF4

Auditory Injury (meters)
Marbled Murrelet
Marbled Murrelet
Single Ping
5-minutes pinging
0
0

LF5

0

0

ASW2

0

0

MF1

6

14

MF3

<1

2

MF4

0

0

MF5

0

0

MF6

0

0

MF8

1

17

MF9

0

0

MF10

0

0

MF11

1

7

MF12

<1

5

ASW4

<1

1

M3

0

0

Sonar Thresholds

Auditory Injury (dB SEL re: 1 μPa2-sec)

Low Frequency

220

Mid Frequency

220
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Table 19. Sonar effects to the marbled murrelet in the Inland Waters Subunit that are
insignificant or discountable.
Sonar BIN

Hours per year

Range to Onset
Injury (meters)

Probability of marbled murrelets
exposure over 20 years

Bangor - Kitsap
Pierside Acoustic Testing: Operating Autonomous Underwater Vessels, remotely operated vessels,
unmanned undersea vessels, and submersibles and prototypes.
LF5
0
n/a, 0 rte*
30
MF10

30

0

n/a, 0 rte

HF1

121

n/a - Insignificant

n/a - Insignificant

HF3

6

n/a - Insignificant

n/a - Insignificant

MF9

80

0

n/a, 0 rte

M3

29

0

n/a, 0 rte

Pierside Sonar Testing

Shipboard Protection Systems and Swimmer Defense Testing - Pierside Integrated Swimmer
Defense
LF4

12

0

n/a, 0 rte

SD1

228

n/a - Insignificant

n/a - Insignificant

Bremerton
Pierside Acoustic Testing: Operating Autonomous Underwater Vessels, remotely operated vessels,
unmanned undersea vessels, and submersibles and prototypes.
LF5
0
n/a, 0 rte
30
MF10

30

0

n/a, 0 rte

HF1

40

n/a - Insignificant

n/a - Insignificant

HF3

2.5

n/a - Insignificant

n/a - Insignificant

MF9

120

0

n/a, 0 rte

Pierside Sonar Testing

Carr Inlet
Performance At-Sea Testing: Operating Autonomous Underwater Vessels, remotely operated
vessels, unmanned undersea vessels, and submersibles and prototypes.
M3
0
n/a, 0 rte
29
SAS2

14

n/a - Insignificant

n/a - Insignificant

System, Subsystem, and Component Testing - Development Training and Testing
HF6

58

n/a - Insignificant

n/a - Insignificant

M3

115

0

n/a, 0 rte

135

Table 19. Sonar effects to the marbled murrelet in the Inland Waters Subunit that are
insignificant or discountable.
Sonar BIN

Hours per year

Range to Onset
Injury (meters)

Probability of marbled murrelets
exposure over 20 years

Proof of Concept Testing
HF6

19

n/a - Insignificant

n/a - Insignificant

M3

67

0

n/a, 0 rte

SAS2

14

n/a - Insignificant

n/a - Insignificant

Dabob Bay
Torpedo Testing
TORP1
TORP2

42 counts x 2.5
hrs/day = 105
147 counts x 2.5
hrs/day = 368

n/a - Insignificant

n/a - Insignificant

n/a - Insignificant

n/a - Insignificant

Autonomous & Non-Autonomous Vessels (Unmanned Underwater Vessel (UUV))
SAS2

43

n/a - Insignificant

67 counts x 2.5
n/a - Insignificant
hrs/day = 168
67 counts x 2.5
TORP2
n/a - Insignificant
hrs/day = 168
Fleet Training/Support - Post-Refit Sea Trial
TORP1

n/a - Insignificant
n/a - Insignificant
n/a - Insignificant

M3

32

0

n/a, 0 rte

MF10

79

0

n/a, 0 rte

Acoustic Component Test - Countermeasure Testing
Acoustic Component Test - Acoustic Test Facility (pierside)
HF6

22

n/a - Insignificant

n/a - Insignificant

LF4

3

0

n/a, 0 rte

MF9

7

0

n/a, 0 rte

VHF2

2

n/a - Insignificant

n/a - Insignificant

Performance At-Sea Testing: Operating Autonomous Underwater Vessels, remotely operated
vessels, unmanned undersea vessels, and submersibles and prototypes. Sonar use shared between
UUV and towed device configurations.
M3
0
n/a
115
SAS2

58

n/a - Insignificant

n/a - Insignificant

System, Subsystem, and Component Testing - Development Training and Testing
HF6

230

n/a - Insignificant

n/a - Insignificant

M3

461

0

n/a, 0 rte
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Table 19. Sonar effects to the marbled murrelet in the Inland Waters Subunit that are
insignificant or discountable.
Sonar BIN

Hours per year

Range to Onset
Injury (meters)

Probability of marbled murrelets
exposure over 20 years

Proof of Concept Testing
HF6

77

n/a - Insignificant

n/a - Insignificant

M3

269

0

n/a, 0 rte

SAS2

58

n/a - Insignificant

n/a - Insignificant

Unmanned Vessel Testing-Unmanned Vessel Development and Payload Testing
MF9

0

240

n/a, 0 rte

Anti-Surface Warfare/Anti-Submarine Warfare Testing
Duration: max. ten 30 minute runs per day, 40 torpedoes per test event. 13 events/yr.
TORP1

21 counts x 5
min/count = 105 min

n/a - Insignificant

n/a - Insignificant

Keyport
Autonomous & Non-Autonomous Vessels (Unmanned Underwater Vessel (UUV))
M3

220

0

n/a, 0 rte

SAS2

220

n/a - Insignificant

n/a - Insignificant

Fleet Training Support - Cold Water Training
HF

320

n/a - Insignificant

n/a - Insignificant

Acoustic Component Test - Acoustic Test Facility (pierside)
HF6

435

n/a - Insignificant

n/a - Insignificant

LF4

67

0

n/a, 0 rte

MF9

134

0

n/a, 0 rte

VHF2

33

n/a - Insignificant

n/a - Insignificant

Acoustic Component Test-Pierside Integrated Swimmer Defense (boat or pierside)
LF4

16

0

n/a, 0 rte

SD1

301

n/a - Insignificant

n/a - Insignificant

Shipboard Protection Systems and Swimmer Defense Testing - Pierside Integrated Swimmer
Defense
LF4

12

0

n/a, 0 rte

SD1

228

n/a - Insignificant

n/a - Insignificant

Unmanned Vessel Testing-Unmanned Vessel Development and Payload Testing
MF9

240

0

n/a, 0 rte
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Table 19. Sonar effects to the marbled murrelet in the Inland Waters Subunit that are
insignificant or discountable.
Sonar BIN

Range to Onset
Injury (meters)

Hours per year

Probability of marbled murrelets
exposure over 20 years

Puget Sound (location unspecified and varies)
Maritime Homeland Defense/Security Mine Countermeasures Integrated Exercise
HF4

384

n/a - Insignificant

n/a - Insignificant

Note: A value of “0” indicates that the source level is below the criteria threshold even after accumulation of
multiple pings (as provided by the Navy comments to Draft Opinion).
*rte = range to effects

Marbled murrelet exposure to sonar use in the Inland Waters Subunit is discussed below and
addressed in Table 20. This exposure involves stationary sources of sonar.
Table 20. Sonar use in the Inland Waters Subunit that is expected to result in exposure to
marbled murrelets, and the expected number of marbled murrelet groups exposed over the 20year term of the proposed action.
Sonar BIN

Range to Onset Injury
/Area of Effect

Probability of marbled
murrelets exposure
over 20 years*

Expected number of murrelet
groups exposed over all 20
years*

Bangor - Kitsap
Pierside Sonar Testing
MF3**
2 m/0.00001256637 km2
0.092
0.034
Shipboard Protection Systems and Swimmer Defense Testing - Pierside Integrated Swimmer Defense
MF8

17 m/0.0009079203 km2

0.85

0.652

Bremerton
Submarine Sonar Maintenance & Pierside Sonar Testing
MF3**

2 m/0.00001256637 km2

0.21

0.030

Everett
Surface Ship Sonar Maintenance & Pierside Sonar Testing
MF1**

14 m/0.0006157522 km2

0.99

0.590

Keyport
Acoustic Component Test -Countermeasure Testing
ASW4**
2 m/0.00001256637 km2
0.91
0.020
Acoustic Component Test-Pierside Integrated Swimmer Defense (boat or pierside) & Shipboard
Protection Systems and Swimmer Defense Testing - Pierside Integrated Swimmer Defense
MF8
17 m/0.0009079203 km2
1.0***
0.554
*

Probability of exposure is based on exposure of one or more individuals (groups of one or more birds) in the
“reasonable worst-case” scenario (see Appendix G), while the expected number of murrelet groups exposed
was based on the “reasonably certain” scenario.
** Marbled murrelet exposure to MF1, MF3, and ASW4 sonar is not discountable but also is not reasonably
certain to occur.
*** Whenever the probability was greater than or equal to 0.995, we rounded up to 1.0.
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To determine the likelihood of marbled murrelet exposure to sonar, we used data from the
NWFPEM to estimate densities of marbled murrelets at-sea during the summer. The NWFPEM
effort provides annual estimates of marbled murrelet abundance for each Conservation Zone
during the summer season from 2001 through 2015 (Falxa and Raphael 2015). Using the most
recent population estimates from Falxa et al. (2015), Conservation Zone 1 had a predicted
marbled murrelet population size of 4,290 birds during the summer of 2015; however, population
trend information is not yet available. In 2014, there was evidence of a continued decline in
population in Conservation Zone 1 (Inland Waters) of -5.4 percent between 2001 and 2014
(Falxa et al. 2015, p. 3).
Since marbled murrelet distribution and density varies spatially, seasonally, and temporally in
Inland Waters (Conservation Zone 1, which includes all of Puget Sound and the Strait of Juan de
Fuca), we used the most recent five year average at the Stratum level to estimate the density of
birds in each Stratum in Conservation Zone 1. Strata are geographic area subdivisions of
conservation zones with different densities of marbled murrelet and ecological factors. We did
not predict density at a scale below the Stratum level (e.g., PSU) because it would introduce
error if used to predict density over the long term. We then used a Poisson probability model,
based on marbled murrelet density, to evaluate the likelihood of one or more marbled murrelet
groups being within the range of a critical threshold (i.e., within proximity to the stressor where
the onset of injury in likely to occur). Sonar, detonations, and other stressors within the Inland
Waters Subunit may overlap with marbled murrelets when the bird is foraging underwater. We
considered the foreseeable future as the next 20 years when determining the cumulative
probability.
Based on the location, frequency, and duration of sonar use in the Inland Waters Subunit, and
using the threshold distances discussed above, we estimated the number of marbled murrelet
groups exposed to elevated SPL. For a more detailed description of how marbled murrelet
density in the Inland Waters Subunit was determined and how reasonable worst-case exposure
was calculated, please see Appendix G. For a more detailed description of how we determined
when marbled murrelets were reasonably certain to be exposed, please see Appendix A.
10.4.5.1.2.2.2

Response

Exposure to elevated SPLs from sonar is likely to adversely affect adult and sub-adult marbled
murrelets while underwater, resulting in TS, which can be associated with injuries in the inner
ear. Individual marbled murrelets that experience TS may not be able to detect biologically
relevant sounds such as approaching predators or prey, and/or hear their mates attempting to
communicate. Birds that experience hearing impairment are at increased risk of predation and
reduced foraging efficiency. Some birds may regain some or all of their hearing sensitivity.
However, they are still temporarily at risk while experiencing TS. Additionally, marbled
murrelets that are exposed to sonar but do not experience TS may respond by flushing or
temporarily ceasing to forage. However, under those circumstances, they are expected return to
normal behaviors in a short period of time.
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Some of the proposed sonar use in the Inland Waters Subunit is not expected to exceed the
thresholds for onset of injury (220 dB SEL re: 1 µPa2-sec) due to its particular peak amplitudes
or durations. Such exposures would result in insignificant or discountable effects to the marbled
murrelet (Table 20). With stationary sources of sonar, marbled murrelets are not likely to be
close enough to the sonar source for adverse effects to occur. Marbled murrelets tend to dive in
U-shaped configurations, generally moving away from the location where they dive, thus
reducing the likelihood of a longer than 5-minute duration of exposure to sonar. With moving
sources of sonar, we do not expect that exposure of marbled murrelets to elevated SPLs is
reasonably certain to occur. Both the source of the sonar and the birds are moving, which further
reduces the likelihood that diving birds would be within the threshold distance for sufficient
durations for adverse effects to occur.
Given the relatively small area of exposure (less than 12.6 m2/0.0000126 km2) for MF3 and
ASW4 sonar, it is not reasonable to expect that marbled murrelets are likely to be injured from
MF3 and ASW4 sonar use.
For MF1 sonar, the area of effect for one five-minute period of sonar emissions (615 m2/0.0006
km2/0.00017 nm2) and the distance threshold for adverse effects is larger than MF3 and ASW4
sonar (MF1 exceeds onset of injury threshold to 14 meters; see Table 20), which increases the
potential for exposure. Therefore, there is an increased opportunity and likelihood of marbled
murrelet exposure to MF1 sonar emissions. Based on our modeling results of marbled murrelet
distribution and abundance within the action area (see Appendices A and G), 0.590 groups
(=1.18 birds, assuming 2 birds per foraging group) of marbled murrelets could be exposed to
injurious SPLs from MF1 sonar activities over the next 20 years. Our modeling results showed
that marbled murrelet exposure to MF1 sonar is not discountable. Since exposure to MF1 sonar
is neither insignificant nor discountable, MF1 sonar is likely to adversely affect marbled
murrelets. However, in the “reasonably certain” scenario, there was a 55 percent probability that
no murrelet groups would be exposed over the next 20 years, so we are not reasonably certain
that murrelets will be exposed to injurious SPLs from MF1 sonar.
For MF8 sonar, which occurs in two locations, Bangor and Keyport, the area of effect for one
five-minute period of sonar emissions (908 m2/0.0009 km2/0.00026 nm2) and the distance
threshold for adverse effects are larger than for MF1 (MF8 exceeds onset of injury threshold to
17 meters; see Table 20). Therefore, there is an increased opportunity for and likelihood of
marbled murrelet exposure to MF8 sonar emissions. Based on our modeling results of marbled
murrelet distribution and abundance within the action area (see Appendices A and G), 1.2 groups
(2.4 birds, assuming 2 birds per foraging group) of marbled murrelets are likely to be exposed to
elevated SPLs from MF8 sonar activities over the next 20 years at distances from the sonar
source where injury is likely to occur. Our analysis of the “reasonably certain” scenario showed
a 70 percent probability that one or more murrelet groups would be exposed, and a 34 percent
probability that two or more groups would be exposed.
10.4.5.1.2.2.3

Conclusion

A total of 1.8 groups of marbled murrelets (3.6 birds, assuming 2 birds per foraging group) may
be exposed to injurious SPLs from MF1 and MF8 sonar activities over the next 20 years, but
only the exposure of 1.2 groups of birds (2.4 murrelets) from MF8 sonar is reasonably certain to
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occur. We used an exposure model to estimate the number of marbled murrelets that may be
affected by sonar because there is significant variability in marbled murrelet distribution and
density in the marine environment. Affected individuals would be difficult to detect as they may
show no outward signs of injury, mortality may be delayed, and affected birds may leave the
area. Our model includes explicit assumptions about the seasonal distribution of marbled
murrelets and the extent of the potential effects.
The area of habitat reasonably certain to be subject to elevated SPLs from MF8 sonar emissions,
at distances where injury to marbled murrelets is likely to occur, can be reliably quantified as
908 m2 (0.0009 km2 or 0.00026 nm2) per five-minute period of sonar emissions. Because we
analyzed a total of 40 hours of MF8 sonar per year for 20 years, the total cumulative area
affected (i.e., the sum of all individual areas of effect) will be 435,840 m2 (0.44 km2 or 0.13
nm2). We assume that each sonar emission will be emitted from the same place at each of the
two locations (Bangor and Keyport), so these effects will be geographically confined to a total of
1,815.8 m2/0.0018 km2/0.00053 nm2 (i.e., two times the area of effect for a single five-minute
period of MF8 sonar emission) and this area will be exposed repeatedly. The expected value of
1.2 groups of marbled murrelets from our probability analysis represents a reasonable estimate of
the number of marbled murrelets that are reasonably certain to be injured by MF8 sonar over the
20-year term of the proposed action.
10.4.5.1.2.3

Effects of Sonar to Marbled Murrelets in Offshore Areas

Other than sonobuoys, sonar use in the Offshore Area Subunit involves mobile sources (e.g.,
hull-mounted, towed devices, etc.; for a complete description of all sonar proposed for use in the
Offshore Area subunit, including transitory sonar, see Table 2 and Table 4). Marbled murrelets
are also highly mobile because they are carried by the currents and they dive and chase after
prey. Given those factors, marbled murrelet exposure to sonar SPLs at distances and durations
that are likely to cause injury is extremely unlikely to occur in the Offshore Area Subunit. For
that reason, the effects of proposed sonar use, other than sonobuoys, on the marbled murrelet in
the Offshore Area Subunit are considered discountable.
Although sonobuoys move with the current, they were considered stationary for the purposes of
our analysis because they are likely to appear relatively stationary to marbled murrelets, which
are also affected by currents. However, all sonar emitted by sonobuoys is expected to have a
range to effect of zero meters, meaning that these sources of sonar would not exceed the
threshold for onset of injury.
10.4.5.1.3 Short-tailed Albatross
10.4.5.1.3.1

Thresholds and Evaluation Criteria

There are no published studies specific to sonar and its effects on short-tailed albatross, or any
other seabird. In the absence of controlled studies specific to seabirds, we applied data from inair sound associated with TS in birds (Ryals et al. 1999) and applied correction factors to account
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for impedance and the variation in reference pressure between air and water. We added 36 dB to
the level where TS is expected, to account for impedance and then we added an additional 26 dB
for the difference in air to water reference pressure
Hearing sensitivity in birds may be reduced while underwater. Audiograms of several bird
species found sensitivity sharply falls off at the lower and upper bounds of avian hearing
(Crowell et al. 2015; Dooling et al. 2000). For example, Dooling et al. (2000) noted that the
average avian audiogram shows a loss of sensitivity below 1 kHz of ~20 dB/octave and a loss of
sensitivity at high frequencies above 4 kHz of ~60 dB/octave. Additionally, there is typically a
shift in sensitivity to lower frequencies when sounds are presented underwater versus in-air to
the same species (Dooling and Therrien 2012). Based on this information, we expect the upper
range of hearing for short-tailed albatross is decreased by approximately 1 kHz when
underwater.
Therefore, the upper boundary of short-tailed albatross hearing sensitivity (approximately 32
kHz) is likely to be shifted lower (approximately 31 kHz or below) while the bird is underwater.
Several categories of the proposed sonar are not expected to exceed the injury threshold (220 dB
SEL re 1 µPa2-sec) because the source levels are lower than approximately 180 to 200 dB peak
(the sound levels in Table 16 are rms values). Based on the rms values described in Table 16,
which are typically below 200 dB rms, we do not expect injury to short-tailed albatross because
the anticipated duration of exposure would not result in exposure to SEL’s greater than 220 dB
re: 1 µPa2-sec. However, we expect that short-tailed albatross can hear sonar when the
frequencies are below 31 kHz.
The Service expects that all low and mid high-frequency sonar (0.5 kHz to 10 kHz) is audible to
short-tailed albatross, and lower portions of high-frequency sonar are also audible. Based on the
best available science, we expect short-tailed albatross can hear frequencies ranging from 0.85
kHz to 32 kHz (Nelson 1997; Sanborn et al. 2005; SAIC 2012; Sparling Jr. 1977). However,
there is no information available on the upper range of their hearing capacity. When sonar
operates at frequencies between 0.5 kHz and 10 kHz (low and mid-frequencies) we expect shorttailed albatross can hear it, and if cumulative SELs exceed 220 dB SEL re: 1 µPa2-sec we expect
them to experience auditory injury.
The Service and Navy coordinated to develop thresholds for onset of injury to short-tailed
albatross from sonar (Table 21). The Service asked the Navy to provide the range to effects for
sonar assuming short-tailed albatross exposure occurred for a single ping. Because short-tailed
albatross are highly mobile we used the range to effects for single pings, assuming that shorttailed albatross would not be exposed for durations longer than that from mobile sonar. All
stationary sonar sources had ranges to effect of zero meters.
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Table 21. The Service’s thresholds for injury of short-tailed albatross from sonar.
Auditory Injury
Sonar Frequency Band
SEL dB re: 1 μPa2sec
Low Frequency
220
Mid Frequency
220

10.4.5.1.3.1.1

Exposure

The area of exposure for sonar is defined by the range to onset of injury, sonar amplitude,
duration of use, and ping rate, which were the basis of the range to effects provided by the Navy
(Table 22); however, not all of this information was provided to the Service. We expect shorttailed albatross could be anywhere in the Offshore Area Subunit of the action area at any time of
year. Short-tailed albatross are primarily surface feeders, spending relatively little time with
their heads underwater, and therefore, there is little opportunity for them to be exposed to sonar.
Table 22. Navy provided range to effects for short-tailed albatross from sonar.
Auditory Injury (meters)
Sonar Bin
Short-tailed
Albatross (single ping)
LF4
n/a
LF5
n/a
ASW2
0
MF1
6
MF3
<1
MF4
0
MF5
0
MF6
n/a
MF8
n/a
MF9
n/a
MF10
0
MF11
1
MF12
<1
ASW4
<1
M3
0

10.4.5.1.3.1.2

Response

Other than sonobuoys, sonar sources in Offshore Areas are mobile (e.g., hull-mounted, towed
devices, etc.; for a complete description of all sonar proposed for use in the Offshore Area
subunit, including transitory sonar, see Table 2 and Table 4). Short-tailed albatross are mobile,
are transported by currents, and only dive to shallow depths when foraging. It is extremely
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unlikely that a short-tailed albatross would be exposed to sonar in Offshore Areas for durations
that would result in injury. We do not anticipate short-tailed albatross would be exposed and
therefore no response is expected.
Although sonobuoys move with the current, they were considered stationary for the purposes of
our analysis because they are likely to appear relatively stationary to short-tailed albatross, which
are similarly affected by currents. However, all sonar emitted by sonobuoys is expected to have
a range to effect of zero meters, meaning that these sources of sonar would not exceed the
threshold for onset of injury at any distance.
10.4.5.1.3.1.3

Conclusion

Therefore, the effects of sonar, other than sonobuoys, on short-tailed albatross in Offshore Areas
are considered discountable.

10.4.5.2

Underwater Explosions

10.4.5.2.1 Effects of Underwater Explosions on Bull Trout
Underwater explosions can affect fish behavior in a manner that reduces their fitness or survival.
For fish that are close enough, the blast can physically injure or kill them (Nedwell and Edwards
2002; Nedwell et al. 2003).
The principal mechanism by which pressure waves from blasts cause physical injuries to
organisms is through oscillations of body tissues and sudden compression and expansion of airfilled organs. Most blast injuries in marine animals involve damage to air- or gas-containing
organs (Yelverton and Richmond 1981). For example, fish with swim bladders (including
salmonids) are vulnerable to the effects of explosives, while fish without swim bladders (sand
lance, flatfish, sharks, and rays) and invertebrates are much more resistant (Yelverton and
Richmond 1981; Young 1991). When exposed 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 1975; O'Keeffe and Young 1984; Young 1991). 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 micropascalsquared-second (1μPa2-sec).
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In our previous consultation on the NWTT activities, the Service used the best experimental data
available on the effects of underwater detonations to determine thresholds (impulse levels) for
injury to fish, including bull trout (Yelverton et al. 1975). These thresholds were based on the
mass (size and weight) of the experimental fish. Hastings and Popper (2005) used the Yelverton
et al. (1975) data to derive an SEL-based threshold where injury was not observed (absent).
The Service, in coordination with the Navy and NMFS, developed injury and mortality
thresholds for fish from explosives (Table 23). The Service asked the Navy to calculate the
ranges to effect for these thresholds. Calculated range to effects area provided in Table 24.
Table 23. The Service’s injury or mortality thresholds for bull trout from explosives.
Mortality (dB SPLpeak re: 1µPa)

Injury Including TTS (dB SEL re: 1 µPa2-sec)

229

186

Table 24. Onset of injury ranges to effect for bull trout from explosions.
Injury Including TTS (meters)
Explosive Bins
Juveniles (10 g)

Adults (3.5 kg)

< E1

49

n/a

E3 off shore

n/a

n/a

E3 inland

261

151

E4

n/a

n/a

E5

n/a

n/a

E8

n/a

n/a

E10

n/a

n/a

E11

n/a

n/a

E12

n/a

n/a

10.4.5.2.1.1 Effects of Underwater Explosions on Bull Trout at the Hood Canal EOD Training
Range Site
10.4.5.2.1.1.1

Exposure

Based on historic observations (1980’s) in the Duckabush, Quilcene, and other nearby rivers and
estuaries entering Hood Canal from the west, we expect that very few bull trout occur near the
Hood Canal EOD Training Range site (Brenkman and Corbett 2007; Brenkman and Corbett
2005; Goetz et al. 2004; Goetz et al. 2007). These rivers are approximately 12.9 km (8 miles)
west of the Hood Canal EOD Training Range site. The closest population of bull trout in Hood
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Canal is in the Skokomish River located 53.1 km (33 miles) to the south of Hood Canal EOD
Training Range site. Hood Canal has been identified as an important foraging, migration, and
overwintering habitat for bull trout and would likely be used as the Skokomish River core
population increases in abundance (USFWS 2004, Volume II, p. 66).
Fluvial and, potentially, anadromous bull trout are present in the South Fork Skokomish River
local population. Although there may be a residual expression of anadromy in the South Fork
population, there are currently no indications or data that suggests that individuals are entering
the marine environment. The North Fork Skokomish River local population has been isolated
above Cushman No.1 and No 2 dams for over a century, but as a result of a recent settlement
agreement, Tacoma Power is in the process of restoring fish passage to the North Fork. If fish
passage efforts are successful, there is a potential that the anadromous life history form of bull
trout could become more prevalent in the future. However, habitat degradation of nearshore
foraging, migration, and overwintering habitat from natural and human sources (Brennan 2007;
Goetz et al. 2004; PSAT (Puget Sound Action Team) 2007; Puget Sound Partnership 2008;
Puget Sound Water Quality Action Team 2002) and the distance from the Skokomish River, is
still likely to limit bull trout occurrence near the Hood Canal EOD Training Range site.
10.4.5.2.1.1.2

Response

The Hood Canal EOD Training Range site is located on the eastern shore of Hood Canal at
Naval Base Kitsap Bangor. The radius of effect for < E1 and E3 explosives is 49 m and 261 m,
respectively. Any bull trout that would be exposed to increased SPLs associated with
underwater detonations would be injured or killed. Considering the low numbers of bull trout
and their expected infrequent use of the Hood Canal EOD Training Range site, we anticipate the
risk of exposure to underwater detonations to be low.
10.4.5.2.1.1.3

Conclusion

Bull trout exposure to EOD activities at Hood Canal EOD Training Range site is unlikely, and
therefore, discountable.
10.4.5.2.1.2
10.4.5.2.1.2.1

Effects of Underwater Explosions on Bull Trout at Crescent Harbor
Exposure

Given the effects of underwater explosives on bull trout, the extensive distance that the
underwater acoustic environment can be influenced, and the expected presence of anadromous
bull trout at the Crescent Harbor EOD Training Range site, individual bull trout are at high risk
of being exposed to increased SPLs associated with underwater detonations. The marine areas
around Whidbey Island and Crescent Harbor play a critical role in the anadromous life-cycle of
bull trout. The Service expects that large juvenile, sub-adult, and adult bull trout will be present
in the Crescent Harbor portion of the action area. Larger 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
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spawn. Bull trout abundance 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).
Bull trout exposure is expected at Crescent Harbor because there are three bull trout core areas in
relatively close proximity. We assume bull trout presence at the Crescent Harbor EOD Training
Range 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 Training Range site. We expect bull trout from the
Snohomish/Skykomish and Stillaguamish core areas will also be present, though to a much lesser
degree due to the farther distance and smaller population sizes.
Crescent Harbor is located near the Skagit River estuary and the shallowness of Skagit Bay
allows large juveniles, sub-adults and adults to migrate towards Whidbey Island and Crescent
Harbor. Most of Skagit Bay at mean lower low tide is less than 3.7 m (12 ft) deep (Figure 12)
(NOAA 1993). Deeper water [less than 18.3 m (60 ft)] occurs near Whidbey Island, but radiotagged bull trout have been documented crossing areas of Puget Sound that are more than 183 m
(600 ft) deep (Goetz et al. 2012). Adult bull trout have been caught within Crescent Harbor and
the surrounding marine waters from April through July, all in shallow water near shore. The
Crescent Harbor EOD Training Range site is no closer than 1,000 meters from shore to minimize
increased underwater exposure levels to salmonids. However, bull trout have been documented
crossing waters deeper than 600 ft. Therefore, we have determined that it is reasonably certain
that bull trout will be exposed to the Navy’s use of high explosive ordnance for underwater mine
detonations at the Crescent Harbor EOD Training Range site.
The risk of exposure to these stressors varies annually, with highest risk occurring between
December to August as adult bull trout inhabit the marine environment and lowest risk occurring
between August and November when most adult bull trout are in 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.
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Figure 12. Bathymetry of Skagit Bay and Crescent Harbor.
Values are provided in fathoms (1 fathom = 6 ft).

10.4.5.2.1.2.2

Response

We expect that bull trout will be exposed at Crescent Harbor to the effects of underwater
detonations in exceedance of our established thresholds. We expect bull trout to be injured or
killed as a result of these exposure. The Service estimated the number of bull trout that may be
injured or killed based on the number of detonations, the detonation site, and the month of the
detonations provided by the Navy. At the Crescent Harbor EOD Training Range site, the Navy
proposes to detonate up to three 2.5-lb charges, and 18 SWAG charges per year. The SWAGs
are a highly focused single charge consisting of less than 0.1 lb of explosive. The Navy
calculated the distances to the bull trout injury and mortality threshold for a 2.5-lbs detonation
(E3; Table 24). For a 10 g juvenile bull trout, the smallest size the Service estimates to be within
the Crescent Harbor action area, the distances to injury and mortality thresholds are 261 m and
151 m, respectively. The Navy did not calculate the distances to injury and mortality for the
SWAG charges (less than 0.1 lb). The Service analyzed SWAG charge impacts using the 49 m
distance to effects for injury to marbled murrelets (Table 27). This approach is conservative
because the area of effect for the most vulnerable juvenile bull trout would be within the area of
effect analyzed for the larger marbled murrelets (220 g).
Using a radius of 261 m, we determined the area of effect for one E3 detonation will be slightly
less than 214,008 m2 (0.21 km2/0.06 nm2) for each 2.5-lbs charge (assuming a 95 ft depth for
charge placement). Bathymetry data in Crescent Harbor indicate bottom depths range from 9.1
to 30.5 m (30 to 100 ft; Figure 12) and previous detonation occurred between 3 and 24.4 m (10
and 80 ft) (Department of the Navy 2015; U.S. Department of the Navy 2009).
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For SWAG charges, using a 49 m radius, the area where injury to bull trout could occur is
approximately 7,543 m2 (0.008 km2/0.21 nm2) for each < E1 detonation.
In our reasonable worst-case analysis, we assumed the use of explosives could occur any month
of the year (with a limit of one EOD exercise during the winter period). When adult bull trout
return to spawn in the freshwater in July and August, bull trout density decreases in the marine
environment during the period of August through November each year. The remaining large
juveniles and sub-adult bull trout likely will be concentrated near the estuaries and 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 larger juveniles, subadults, and adult bull trout may be in the marine environment (January through August). Based
on the size of the area of injury, number of detonations per year, and probability that bull trout
will be in the Crescent Harbor EOD Training Range area, it is reasonable to assume that bull
trout will be exposed to underwater SPLs that will result in injury or death each year for the
duration of the project (20 years).
The primary factors considered in estimating bull trout injury and mortality associated with Navy
EOD activities included 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
bull trout use of the marine environment. Assumptions about the timing of EOD exercises were
necessary because bull trout abundance and risk of exposure varies seasonally in the marine
environment.
Adult bull trout spend 25 percent of the time in any given year engaged in spawning behaviors
(migrating, staging, and spawning in fresh water), and therefore, the number of individuals (nonspawning adults and sub-adults) that are in the marine environment during late summer and fall
is low. Given the uncertainty in the Navy’s EOD training plans, and using a worst-case scenario,
we assumed that all three 2.5-lb EOD events at Crescent Harbor would occur during the 9 month
period when bull trout density in the marine environment is highest (December through August).
We therefore assumed the occurrence of one large juvenile, sub-adult, or adult bull trout within
the 261 m (856 ft) radius of the detonation site for each E3 event (one E3 detonation per event,
three events per year), and one large juvenile, sub-adult, or adult bull trout within the 49 m
radius of the detonation site during each < E1 detonation event (six < E1 detonations per event,
three events per year). These detonations result in exposure to SPLs of 186 dB SEL re: 1 μPa2sec for injury (Tables 23 and 24). As a result, the Service estimates that a maximum of one bull
trout will be killed or injured per event, with six events occurring per year. Each event consists
of either one E3 or six < E1 detonations. A total of six bull trout total are expected to be injured
or killed annually in Crescent Harbor. Over 20 years, a total of 120 bull trout are expected to be
injured or killed by these detonations. A total of 16 km2 of bull trout habitat (i.e., the sum of all
individual areas of effect) will be affected by these detonations over 20 years.
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10.4.5.2.1.2.3

Conclusion

Because injured or dead bull trout are hard to detect, we used the area of effect for < E1 and E3
detonations to determine when bull trout will be injured or killed. The Service expects bull trout
within 49 m of < E1 detonations and 261 m of all E3 detonations will be injured or killed as a
result of increased SPLs resulting from underwater detonations at the Crescent Harbor EOD
Training Range site.
10.4.5.2.2 Effects of Explosives on Bull Trout Prey
The use of high explosive ordnance for Navy EOD training at both the Hood Canal and Crescent
Harbor EOD Training Range sites may cause mortality in marine forage fish which are an
important prey resource for bull trout. Surface counts of fish collected by the Navy after training
exercises held at Crescent Harbor indicate the underwater detonations primarily resulted in
mortality to Pacific herring and surf smelt (Phillips, pers. comm. 2007). Other species identified
include shiner surfperch (Cymatogaster aggregata; 271 total over 46 detonations), Pacific
tomcod (Microgadus proximus; 29 total), blackeye goby (Coryphoterus nicholsii; 1 total), and
northern anchovy (Engraulis mordax; 7 total).
The mortality rates in fish vary with the timing of detonations, charge weight, and charge
placement. For example, 10-lb charges (near the surface) in June and September (2002) resulted
in relatively low surface counts of dead Pacific herring and surf smelt (Phillips, pers. comm.
2007). Similar mortality rates were reported for 5-lb charges occurring in January, April, and
June of 2003 at charge depths of 21.3 m to 27.4 m. However, five-pound charges had the highest
observed mortality rates in July 2003 and June 2004 at charge depths of 12.2 to 13.7 m.
Underwater detonations of E3 charges placed at 10.7- to 24.4-meter depths had similarly high
observed mortality rates in the months of May, July, August, and September (2005, 2006, 2007).
The observed fish mortality associated with post-detonation monitoring is expected to under
represent the actual number of fish killed (number and species) because blast pressure waves can
result in the rupture swim bladders in fish causing them to sink. Studies by Teleki and
Chamberlain (1978) and Thomas and Washington (1988) found that up to approximately 80
percent of fish killed by underwater explosives actually sink. Additionally, fish that leave the
area with significant injuries, only to die later, would also go undetected. With the difficulty
associated with surveying and finding fish that sink and/or are mortally injured, the Service
expects the amount of fish killed may be substantially higher than what has been observed during
post-detonation monitoring of EOD training exercises.
Trawling surveys in Skagit Bay were conducted in shallower, nearshore waters (outside of the
action area) (Rice et al. 2002). The variability in the number of herring and surf smelt found
near 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 (Utsalady), has an average mean
catch per tow of 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
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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.
10.4.5.2.2.1

Effects of Underwater Explosions on Bull Trout Prey: Pacific Herring

Pacific herring populations are the only forage fish that are monitored annually by Washington
Department of Fish and Wildlife (Penttila 2007). Spawning of Pacific herring varies with the
different stocks but generally occurs from late January through April (Penttila 2007). Pacific
herring are found within Puget Sound throughout the year (Penttila 2007; Stout et al. 2001). The
pre-spawn holding area for the Skagit Bay herring stock is located just south of Crescent Harbor
and is completely within the Crescent Harbor action area. The pre-spawn holding area for
herring stocks occurring in Hood Canal is northeast of the Hood Canal EOD Training Range site
(Figure 13). 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.

Figure 13. Sand lance, surf smelt and Pacific herring spawning locations and pre-spawn holding
area for Pacific Herring within and surrounding the Hood Canal EOD Training Range site at
Bangor.
(Washington Department of Wildlife (WDFW) 2015)
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The Holmes Harbor herring spawning areas are located south of the Crescent Harbor EOD
Training Range site. No known pre-spawn holding area exists for this stock. Because of the
distance between the detonation site and the spawning areas, the EOD training detonations are
not expected to impact spawning areas for this stock. However, as the herring travel through
Saratoga Passage, they may migrate north and be killed or injured by detonations.
The Quilcene Bay herring stock has the closest spawning area to the Hood Canal EOD Training
Range site. The Quilcene Bay herring spawning area is located along the western shores of
Dabob Bay. Herring from the pre-spawn holding area must migrate through the EOD Training
Range site and some individuals may be killed or injured by detonations.
We were not able to determine if fish mortality caused by the Navy’s underwater detonations
would have a population-level effect on any forage fish species. However, we did assess the
relative impact of the Navy’s actions in terms of biomass for the Skagit Bay, Holmes Harbor,
and Quilcene Bay herring stocks.
The Navy will be conducting EOD training with less than 0.1-lb and 2.5-lb charges at both Hood
Canal and Crescent Harbor Training Range sites. To estimate the number of herring that may be
killed during EOD training, we assumed that the worst case scenario for a single, 2.5-lb
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-lb
charge and the largest number of herring killed for a 2.5-lb charge was 2,520 (August 9, 2005)
(Phillips, pers. comm. 2007). Because of the high spatial and temporal variability in herring
density, as indicated by the monthly Skagit Bay trawling data, we used mortality estimates from
the 2.5-lb charge for our analysis. Because not all of the dead fish will float to the surface and be
located, we conservatively assumed that 80 percent of the fish killed from a detonation will sink
(Thomas and Washington 1988). Therefore, we estimate that the potential number of herring
killed from each prior EOD event is as high as 12,600 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 + 3.34ln(L)
Stick (2005) provided mean lengths of age 2, 3, 4, and 5 year old fish 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,
no data available for the Quilcene Bay herring stock). 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
12,600 herring estimated to be killed would be 0.057 ton for the Skagit Bay stock and 0.063 ton
for the Holmes Harbor stock. These values assume that all herring killed from all detonations
originate from the same stock.
This biomass represents 0.004 percent and 0.017 percent of the five-year mean spawner biomass
for the Skagit Bay and Holmes Harbor herring stocks, respectively, that would be killed from
each 2.5-lb detonation. With three charges detonated annually at Crescent Harbor, the total
biomass removed (killed) would represent approximately 0.012 percent and 0.051 percent of the
mean biomass (of spawning fish) for the Skagit Bay and Holmes Harbor stocks annually. The
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Service expects similar results for the Quilcene Bay stock. With the recent evidence indicating
that the Skagit Bay stock is stable and the Holmes Harbor and Quilcene Bay stocks are
increasing (Stick et al. 2014), we do not anticipate that this level of annual mortality of Pacific
herring caused by underwater detonations will measurably affect the abundance of either stock.
10.4.5.2.2.2

Effects of Underwater Explosions on Bull Trout Prey: 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 (Penttila 2007). Surf smelt populations within the Crescent Harbor
action area may be impacted because the known spawning locations occur along the shorelines
surrounding Crescent Harbor (Figure 4). Little to no surf smelt spawning occurs near the Hood
Canal EOD Training Range site (Figure 13). 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 than
60 ft. Therefore, surf smelt are susceptible to exposure to 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 that may be killed from Navy EOD
detonations. For the purpose of this analysis, we assumed that mortality of surf smelt would
occur from each detonation. The effects of the action are broadly distributed and have little to no
effect on habitat. Additionally, surf smelt and their spawning habitat are also widely distributed.
Because there are relatively few detonations that occur in Inland Waters, where surf smelt are
expected to be exposed, we do not anticipate that the abundance of surf smelt would be
measurably reduced by the detonations in Hood Canal and Crescent Harbor. Similar to Pacific
herring, the Service does not expect that the underwater explosions in Hood Canal or Crescent
Harbor will measurably reduce the overall population of surf smelt.
10.4.5.2.2.3

Effects of Underwater Explosions on Bull Trout Prey: Pacific Sand Lance

Sand lance occur within Puget Sound throughout the year (Penttila 2007). Sand lance spawn in
late fall and winter (Robards et al. 1999). During the daytime, sand lance forage and move
through the water column and then bury themselves in the substrate at night. 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. Because sand lance do not have a gas bladder, they are less
susceptible to the effect of EOD detonations. As there are a wide range of injury types
associated with exposure to elevated SPLs from explosions, sand lance may still be killed or
injured from exposure to explosions.
Within the Hood Canal and Crescent Harbor action areas, sand lance spawn in the same general
locations as surf smelt, but the spawning grounds are much smaller (Figures 4 and 13). The data
collected during Navy monitoring of detonations did not document sand lance mortalities.
However, the species may occur within the water column during EOD detonations and we
cannot entirely discount that sand lance may be killed or injured by the detonations. Therefore,
we assumed that there will be mortality of sand lance. However, given the effects of this action
relative to their total abundance and widespread distribution and the lack of data documenting
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mortality, the Service does not expect that the underwater detonations in Hood Canal or Crescent
Harbor will measurably reduce the overall population of sand lance in the Hood Canal or
Crescent Harbor EOD Training Range sites.
10.4.5.2.2.3.1

Conclusion

We anticipate there will be mortality of forage fish at both the Hood Canal and Crescent Harbor
EOD Training Range sites. Our analysis of the proportion of the three primary forage fish
species that will be killed during EOD detonations relative to the existing populations indicates
that overall effects to their populations are likely to be insignificant. Therefore, we expect that
resultant effects to bull trout due to reduced prey abundance will not be measureable and are
therefore insignificant.
10.4.5.2.3 Effects of Underwater Explosions on the Marbled Murrelet
10.4.5.2.3.1

Thresholds and Evaluation Criteria

Underwater detonations are known to have negative physiological and neurological effects on a
wide variety of vertebrate species; these effects include coronary air emboli, lung hemorrhaging,
ruptured livers, hemorrhaged kidneys, ruptured air sacs, and ruptured and scarred eardrums
(Cudahy and Ellison 2002; Gisiner et al. 1998; Hastings and Popper 2005; Yelverton et al. 1973;
Yelverton and Richmond 1981). Experiments using underwater explosives found that rapid
change in underwater SPLs resulted in internal hemorrhaging and mortality in submerged
mallards (Anas platyrynchos) (Yelverton et al. 1973, p. 49). Death from barotrauma can be
instantaneous, occurring within minutes after exposure, or several days later (Abbott et al. 2002).
Several birds exposed to explosions survived and appeared uninjured, but upon necropsy two
weeks later there was evidence of liver blood clots and lung and kidney injuries (Yelverton et al.
1973, p. 51).
There are no published studies specific to explosions and their physiological effects on marbled
murrelets. However, there are some data specific to other birds from evaluations of 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). During seismic explorations, it has been
noted that seabirds were attracted to fishes killed as a result of the seismic work (Fitch and
Young 1948; Stemp 1985). Fitch and Young (1948) found that diving cormorants were
consistently killed by seismic blasts, and pelicans were frequently killed when they were exposed
when their heads were below water. For exposure of fish and mammals to impulses underwater,
Yelverton and Richmond (1981) and Yelverton et al. (1973) found a correlation between the size
of animal and the impulse level needed to elicit an injury. While Yelverton did not do this
analysis for birds, we reason that this correlation was independent of the organism’s taxonomic
classification and thus it also applies to birds (for underwater explosions). In the absence of
controlled studies specific to seabirds, we considered evaluations of the effects of other types of
blast impulses on a variety of vertebrate species, including birds, for evaluating the effects of
explosions on marbled murrelets.
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Detonating explosives can result in a variety of injuries to organisms. Important biological
variables that influence the degree to which an animal is affected include size, anatomical
variation, and location of the organism relative to the explosive source in the water column
(Gisiner et al. 1998). Studies of explosives by Yelverton and Richmond (1981), Yelverton et al.
(1973) and Damon et al. (1974) identified injury thresholds in relation to the size of the charge,
the distance from the animal at which the charge was detonated, and the mass of the animal
exposed. Much work has been done to assess impacts to avian hearing from in-air sound
(Brittan-Powell and Dooling 2002; Dooling et al. 2000; Dooling and Popper 2007; Dooling
1980; Dooling 1982; Dooling and Dent 2002; Dooling and Brittan-Powell 2005; Ryals et al.
1999; Ryals and Dooling 2001; Saunders and Dooling 1974; Saunders and Henry 1989); most of
this work assessed avian hearing range and hearing loss from over-exposure to in-air sound. The
principal mechanism by which blast pressure waves cause physical injuries to organisms is
through oscillations of body tissues and sudden compression and expansion of gas-filled organs.
Most blast injuries in marine animals involve damage to gas-containing organs (e.g., lungs,
gastrointestinal tract, bowels); however, injuries also occur to liver, kidneys, ears, and coronary
arteries (Cudahy and Ellison 2002; Gisiner et al. 1998; Hastings and Popper 2005; Yelverton et
al. 1973; Yelverton and Richmond 1981).
Injuries from high underwater pressure waves occur over a continuum of potential effects,
ranging from mortality to sub-lethal physical effects including TS and gastrointestinal tract
lesions, to non-injurious effects that might result in significant disruption of normal behaviors.
At the most severe end of the spectrum, direct mortality or obvious injuries can occur. For
example, after submerging dog’s heads and exposing them to blasts at 223 dBpeak, Richmond et
al. (1973) estimated that 50 percent of the ears facing the blast had tympanic rupture. Yelverton
et al. (1973) documented less eardrum rupture in submerged mallards exposed to blasting, but
noted extensive lung hemorrhage and a 50 percent prevalence of liver and kidney damage. At
the least severe end of the spectrum of injurious effects, there may be temporary hearing shifts or
small burst blood vessels.
Several authors have described methods for calculating the theoretical kill or injury zones around
underwater explosions (Gaspin 1975; O'Keeffe and Young 1984; Young 1991). A common
metric used for a single acoustic event that accounts for both the negative and positive pressure
wave is sound exposure level (SEL) (Hastings and Popper 2005). An impulse, measured in
Pascal seconds (Pa-sec), is the best way to describe and measure the effects of the explosion on
organisms because it captures all the forces occurring with a fast-acting explosion over time.
Impulse values better reflect the complex components of the pressure wave associated with an
explosion, such as over pressure and under pressure, and the peak SPL. If we used a single
component to describe the effects to marbled murrelets, such as peak SPL, or SEL, we may not
adequately account for the energy from the shock wave or the over pressure. These components
contain significant energy, so by accounting for that energy we have increased confidence that
the distances to effect for barotrauma or injury are comprehensive.
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The Service established thresholds for onset of injury to marbled murrelets from underwater
explosions (Table 25). The Service requested that the Navy calculate the ranges to effect (i.e.,
the area in which we expect injury of marbled murrelets to occur) for underwater explosions
based on information provided for mallards in Yelverton et al. (1973). We requested that the
Navy adjust these values for the mass of a marbled murrelet, which is much smaller than a
mallard. The Navy calculated these ranges to effect (Table 26).
Table 25. The Service’s injury or mortality thresholds for marbled murrelets from underwater
explosions.
Explosions Underwater
Auditory Injury
Barotrauma
Mortality
Bird Species
2dB SEL re: µ1 Pa sec
(Pa-sec)
(Pa-sec)
Marbled
212
36
138
Murrelet

Table 26. Navy-developed distance thresholds for adverse effects to the marbled murrelet
caused by underwater explosions.
Marbled Murrelet
Auditory Injury
Barotrauma
Mortality
Explosive Bins
(≥ 212 dB SEL)
(≥ 36 Pa-sec)
(≥ 138 Pa-sec)
(meters)
(meters)
(meters)
E3 off shore
9
144
56
E3 inland
9
83
37
E4
13
147
66
E5*
2
43
22
E8
57
351
176
E10*
15
87
45
E11
144
498
256
E12*
21
98
51
*May detonate at the surface of the water.

The ranges to effect values the Navy provided (Table 26) were based on impulse data from
Swisdak (1978). The Navy calculations for range to effects from detonations (above) also
applied a time cut-off equation from Yelverton (1973) to account for how the overpressure and
underpressure cancel each other out. The Navy FEIS provides graphs of threshold profiles for
slight lung injury and mortality based on different animal masses for each size class of
underwater explosive (Navy 2015a, pp. 3.4-215 to 3.4-218). We compared the ranges to effect
provided by the Navy (Table 26) with these tables in the FEIS, explosive impulse ranges from
Swisdak (1978), and explosive SPLs from Hildebrand (2009). Because there were large
differences between the range to effects values the Navy provided in Table 26 and these other
sources, we requested the calculations that the Navy used to determine the ranges to effect in
Table 27. We also requested the Navy provide the calculations in a spreadsheet, which we could
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then use to calculate the ranges to effect at different diving depths for marbled murrelets. The
Navy provided the spreadsheet, which we then used to derive the ranges to effect below in Table
27. For more details on how these ranges to effects were used in the exposure analysis, see
Appendix A.
We verified the assumptions made by the Navy in calculating these range to effects (i.e., the
distance from the explosion source at which injury of marbled murrelets is likely to occur). We
used this information to predict the range to effects to our thresholds for underwater explosions
assuming two different diving depths; 47 m diving depth for our “reasonable worst-case”
scenario and 27 m for our “reasonably certain” scenario. The values we used for range to effects
for marbled murrelets from underwater detonations are provided below in Table 27. The range
to effects for barotrauma represents the largest area of effect and also encompasses other effects
from exposure, including auditory injury and mortality. On that basis, we consider this distance
as the threshold for the onset of injury to marbled murrelets caused by underwater explosions,
and modeled the probability of marbled murrelet exposure and injury based on this distance.
Table 27. Ranges to effect for marbled murrelet from underwater explosions from Swisdak
(1978) and Yelverton et al. (1973).
Marbled Murrelet
Onset of Injury (Barotrauma)
Onset of Injury (Barotrauma)
Explosive Bins
(36 Pa-sec) at 27 m diving
(36 Pa-sec) at 47 m diving
depths
depths
< E1 Inland
49
49
E1 Inland
91
92
E1 Offshore*
58
65
E3 Offshore
349
390
(Sonobuoy)
E3 Inland
260
293
E4 Offshore
441
497
E5* Offshore
190
239
(included E3
Projectiles)
E7* (**) Offshore
274
352
E8 Offshore
1,484
1,839
E10* Offshore
409
528
E11 Offshore
2,265
2,891
E12* Offshore
464
600
*

May detonate at the surface of the water, truncating the range to effects underwater because energy is lost into
the air.

** Calculated distance to effect for E7 explosion underwater as a proxy for the underwater sound resulting from
non-explosive practice missiles hitting the water.

The Navy conducts a variety of activities in which underwater detonations occur. Based on the
distribution and density of marbled murrelets, the location of detonations, and the calculated
range to effects values (Table 27), we calculated the cumulative probability that a marbled
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murrelet would be exposed to and injured from underwater detonations. A comprehensive
description of the assumptions made in our exposure analysis is provided in Appendices A
and G.
10.4.5.2.3.2

10.4.5.2.3.2.1

Effects of Underwater Explosions on the Marbled Murrelet in the Inland Waters
Subunit
Exposure

The area of exposure for underwater explosions is defined by the distance from the explosion
source at which injury of a marbled murrelet is likely to occur (i.e., the range to effects). That
distance is related to the specific net explosive weight of the charge. The probability of marbled
murrelet presence within these areas was modeled at each location within the Inland Waters
Subunit where underwater detonations are proposed. The maximum area affected by each
explosive detonation is defined by the radius of the range to effect; for example, for an E3
explosive detonation, the radius extends 260 meters from the source of the detonation, which is
an area of effect of 212,372 m2 (A = π r 2) (0.21 km2/0.06 nm2) for each detonation.
The Navy’s Mine Neutralization/EOD disposal training involves detonating up to 18 SWAG
charges (< E1 with charge weight less than 0.1 lb NEW) and three larger charges (E3 with
charge weight up to 2.5 lb NEW) at the Crescent Harbor EOD Training Range site, annually.
The Navy will also detonate up to 18 SWAG (< E1) and three E3’s in the Hood Canal EOD
Training Range site, annually. Based on the densities of marbled murrelets at these locations and
the ranges to effect for the < E1 and E3 explosives, we calculated the cumulative probability that
a marbled murrelet group would be exposed to these EOD detonations over the next 20 years
(Table 28). Because both of the EOD detonation sites are in Stratum 2, we combined the number
of underwater detonations and calculated the probability of exposure of marbled murrelet groups
to EOD’s that would occur at both sites combined (i.e., for a total of six E3 detonations and
thirty-six < E1 detonations in Stratum 2, annually).
The Navy no longer uses detonation techniques where the detonation is delayed between the time
of pre-detonation survey and the detonation in inland waters. This allows the Navy to detonate
on command once the pre-detonation surveys have been completed. This may reduce the
window of opportunity for birds to enter into the area where injury may occur after the surveys
have been completed. There is no quantitative information on the effectiveness of the Navy’s
monitoring efforts and it is impossible to accurately assign a percentage to the level of
effectiveness appropriate to their monitoring effort without that information. In the absence of
this effectiveness monitoring information, and based on a comparison between the Navy’s
monitoring method and our Protocol for monitoring for marbled murrelets (for pile driving), we
made an assumption that the monitoring efforts made by the Navy are 50 percent effective. We
expect that the Navy observed half of the birds present during surveys, while monitoring
according to their current survey methodology.
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Table 28. Cumulative probabilities of marbled murrelets being exposed to EOD detonation at
both the Hood Canal and Crescent Harbor EOD Training Range sites over the next 20 years.
Probability of marbled murrelet
Expected number of marbled murrelet
exposure over 20 years
Source Bin
groups exposed over all 20 years
(“reasonable worst-case”
(“reasonably certain” scenario)
scenario)
With pre-detonation surveys (50 percent survey effectiveness rate)
0.68
< E1*
0.86
3.18
E3
1.00
*

Marbled murrelet exposure to < E1 EOD detonations is neither discountable nor reasonably certain to occur.

E3 explosive detonations have a radius of effect where injury of murrelets may occur (extent
where the impulse exceeds the onset of injury) that extends 260 meters from the source of the
detonation, which is an area of effect of 212,372 m2 (A = π r 2) (0.21 km2/0.06 nm2) per
detonation. Over the next 20 years, the total cumulative area affected (i.e., the sum of all
individual areas of effect) will be 25,484,640 m2 (25.5 km2 or 7.43 nm2). However, the area in
which these detonations will occur is smaller sum of all individual areas of effect, which
indicates that the same geographic area of habitat will be repeatedly exposed to these stressors.
Detonations in Crescent Harbor will occur annually within the same general area (Figure 14).
This area is approximately 1,200 m wide and 2,400 m long (total area of approximately 2.88
km2/0.84 nm2) and is illustrated by the shaded rectangle in Figure 14. We assume that the
detonations may occur anywhere within this rectangular area and the effects may extend a
maximum of 260 m from the outer limits for the largest explosion (up to 2.5 lb for E3).
Therefore, all effects of this stressor will be geographically restricted to the zone where these
detonations may occur, plus a 260-m buffer from its edges, a total area of 5.02 km2/1.46 nm2. At
this location, there will be three detonations per year, and assuming that they do not occur in
exactly the same location every time, as much as 0.63 km2/0.18 nm2 of habitat (three times the
area of effect for a single detonation) may be exposed to these stressors each year. Over the
entire 20 year period, each portion of this area is likely to be exposed at least once, and many
portions of this area will be exposed repeatedly.
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Figure 14. Location of explosions within Crescent Harbor will occur within the same area every
year (shaded polygon, estimated based on information provided by the Navy).

Detonations in the Hood Canal EOD Training Range site will also occur within the same general
area annually (Figure 15), and this area is smaller and the detonation location is more precise
than in Crescent Harbor. This area is a circle, approximately 300 m radius (total area of the
circle is approximately 282,600 m2/0.28 km2/0.08 nm2, assuming A = π r 2) and is illustrated by
the yellow dot in Figure 15. We assume that the detonations may occur anywhere within this
area and the effects may extend a maximum of 260 m from the outer limits for the largest
explosion, for a maximum of 560 m radius circle (2.5 lb for E3). Therefore, all stressors
associated with these detonations will be geographically limited to a 560 m radius circle, with an
area of 985,203 m2 (A = π r 2) (0.98 km2/0.29 nm2). Annually, there are three detonations and
the exact location would vary slightly, but assuming that all are detonated within the 300 m
radius circle, the areas of effect will overlap to some extent. Therefore, within a given year, the
geographic area exposed to effects will be less than 0.63 km2 of habitat (0.18 nm2, three times
the area of effect of a single detonation), and some portions of the area will be exposed to the
effects of more than one detonation. Over the entire 20 year period, each portion of this area is
likely to be exposed at least once, and most portions of this area will be exposed repeatedly.
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SWAG (< E1) detonations have a radius of effect where injury of murrelets may occur (extent
where the impulse exceeds the onset of injury) that extends 49 meters from the source of the
detonation, which is an area of effect of 7,543 m2 (A = π r 2) (0.0075 km2/0.0022 nm2) per
detonation. Over the next 20 years, the total cumulative area affected (i.e., the sum of all
individual areas of effect) will be 5,430,934 m2 (5.4 km2 or 1.6 nm2). All of these SWAG
detonations will take place within the geographic areas described above for E3 detonations, and
it is likely that some portions of each geographic area will be exposed multiple times over the
course of 20 years, while other portions of each geographic area, particularly at Crescent Harbor,
may not be exposed during this period.

Figure 15. Location of explosions within the Bangor EOD site will occur within the same area
every year, shown by the yellow dot.

In the Sonar section for marbled murrelets (above), we describe how we estimated marbled
murrelet density in Inland Waters. Based on the location, frequency, and duration of the EOD
detonations in Inland Waters, and using the threshold distances discussed above, we estimated
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the number of marbled murrelet groups likely to be exposed to and injured from EOD
detonations in the Inland Waters Subunit. For a more detailed description of how marbled
murrelet density in Inland Waters Subunit was determined and how reasonable worst case
exposure was calculated, please see Appendix G. For a more detailed description of how we
determined marbled murrelet exposure and the numbers of marbled murrelet groups reasonably
certain to be exposed were determined, please see Appendix A.
Our modeling results showed that marbled murrelet exposure to SWAGs (< E1 underwater
detonations) is not discountable (86 percent) under the “reasonable worst-case” scenario. For the
“reasonably certain” scenario, we calculated that if pre-detonation monitoring successfully
detects marbled murrelets with 50 percent effectiveness, the expected number of marbled
murrelet groups exposed to stressors associated with SWAG detonations is 0.68 (1.4 birds,
assuming two birds per group). However, under this scenario, there is a 51 percent probability
that no murrelet groups will be exposed over the next 20 years, so we cannot be reasonably
certain that murrelets will be exposed to underwater impulses from SWAGs.
Under the “reasonable worst-case” scenario, our modeling results showed a likelihood of
marbled murrelet exposure to E3 detonations approaching 100 percent. For the “reasonably
certain” scenario, we calculated that if pre-detonation monitoring successfully detects marbled
murrelets with 50 percent effectiveness, the expected number of marbled murrelet groups
exposed to stressors associated with SWAG detonations is 3.2 (6.4 birds, assuming two birds per
group).
10.4.5.2.3.2.2

Response

SWAGs and E3 underwater detonations may injure or kill adult and subadult marbled murrelets
by exposing them to underwater impulses. We expect that if birds are exposed to < E1 and E3
EOD detonations, the detonations will affect adult and sub-adult marbled murrelets through
impulse-related stressors (i.e., blast waves, elevated SPLs, overpressures and underpressures,
etc.), resulting in TS, barotrauma, or mortality.
Individual marbled murrelets that experience TS from exposure to explosions are expected to
have damage to the hair cells in their inner ears, and may not be able to detect biologically
relevant sounds such as approaching predators or prey, and/or hear their mates attempting to
communicate. Birds with reduced hearing sensitivity are at increased risk of predation and
reduced foraging efficiency. Some birds may regain some or all of their hearing sensitivity;
however, they are still temporarily at risk while experiencing TS. Additionally, marbled
murrelets that are exposed to explosives but do not experience TS may respond by flushing or
temporarily ceasing to forage; however, these birds are expected to return to normal behaviors in
a short period of time.
Individual marbled murrelets exposed to explosions may experience lethal or non-lethal injuries.
Non-lethal injuries may include TS, scarred or ruptured eardrums, or gastrointestinal tract
lesions. Individual marbled murrelets may survive their exposure to the explosions; however, we
expect such individuals to have a reduced level of fitness and reproductive success, and a higher
risk of predation by reducing their ability to detect and/or evade predators. Exposed individuals
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may also experience lethal injuries that occur instantaneously or manifest over time, such as
direct mortality, lung hemorrhaging, ruptured liver, hemorrhaged kidney, ruptured air sacs,
and/or coronary air embolisms. Death from barotrauma can be instantaneous, occurring within
minutes after exposure, or several days later (Abbott et al. 2002). Several birds exposed to
explosions survived and appeared uninjured, but upon necropsy two weeks later there was
evidence of liver blood clots and lung and kidney injuries (Yelverton et al. 1973, p. 51).
For individual marbled murrelets that are exposed to explosions but not injured or killed, we
expect a startle response, flushing, or avoidance (i.e., diving, or leaving the area). In uninjured
individuals, these responses would be short term and we would not expect significant disruptions
to their normal behavior that would create a likelihood of injury. However, if several
detonations occurred per day, it may result in significant disruptions to a marbled murrelet’s
normal foraging behavior, potentially reducing individual fitness or their ability to feed a chick.
For underwater detonations at the Hood Canal and Crescent Harbor EOD Training Range sites,
we do not expect significant disruptions to normal behaviors because the associated stressors are
of short-duration and do not occur frequently in a day or for an extended period of time. We
expect that if a marbled murrelet is not injured or killed by the detonation, they will return to
normal behaviors in a short period of time (birds may be injured or killed by these detonations,
but that is addressed elsewhere, this paragraph only discusses behavioral effects).
Our exposure analysis showed that exposure to SWAGs is neither insignificant nor discountable;
therefore, SWAGs may adversely affect marbled murrelets. If exposure occurs, we expect that it
will result in injury or mortality. Although exposure is not discountable, we are not reasonably
certain that it will occur. Under the “reasonable worst-case” scenario, there is only a 49 percent
chance of exposure.
Our exposure analysis indicated that marbled murrelets are reasonably certain to be exposed to
E3 underwater detonations that lead to injury or mortality. In the “reasonably certain” scenario,
there is a 61 percent chance that three or more murrelet groups will be exposed, and a 40 percent
chance that four or more murrelet groups will be exposed, even with the monitoring proposed by
the Navy. Because marbled murrelets typically forage in pairs and frequently surface behind
vessels unnoticed, we expect that both members of a foraging group would be exposed to these
detonations, even with monitoring proposed by the Navy (to 400 yards/366 m).
Therefore, based on our exposure analysis and the fact that these detonations will occur over the
next 20 years, 0.68 marbled murrelet groups may be, but are not reasonably certain to be,
exposed to < E1 underwater detonations. However, 3.2 groups are reasonably certain to be
exposed to, and injured or killed by, E3 underwater detonations.
10.4.5.2.3.2.3

Conclusion

Based on our probability analysis, 3.2 groups of marbled murrelets are reasonably certain to be
exposed to, and injured or killed by, E3 underwater detonations in the Inland Waters over the
next 20 years.
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Our model included explicit assumptions about the seasonal distribution of marbled murrelets
and the extent of the potential effects. The area of effect for each individual detonation is
212,372 m2 (A = π r 2) (0.21 km2/0.06 nm2). Over the next 20 years, the total cumulative area
affected (i.e., the sum of all individual areas of effect) will be 25,484,640 m2 (25.5 km2 or 7.43
nm2). However, all detonations occur within the same general location within the each of the
Hood Canal and Crescent Harbor EOD Training Range sites; therefore, the effects will be
confined to a geographic area of 5.69 km2 (1.66 nm2) across two sites, and many portions of this
geographic area will be affected repeatedly.
10.4.5.2.4 Effects of Underwater Explosions on Marbled Murrelet Prey
The use of explosive ordnance for Navy EOD training may cause mortality in marine forage fish
which are an important prey resource for marbled murrelet. Please see the analysis for impacts
of explosives on forage fish under the Underwater Explosions, Bull Trout section above, for
more details.
10.4.5.2.4.1.1

Conclusion

To summarize, underwater explosions will result in mortality of forage fish species. However,
we do not expect a measurable reduction in marine forage fish from exposure to underwater
explosions that would consequently lead to measurable effects in marbled murrelets.
10.4.5.2.4.2
10.4.5.2.4.2.1

Effects of Underwater Explosions on the Marbled Murrelet in Offshore Areas
Exposure

The area of exposure for underwater explosions is defined by the range to effects (i.e., the
distance from the explosion source at which injury of a marbled murrelet is likely to occur) for a
particular net explosive weight of a charge. We used the range to effects (Table 27) and marbled
murrelet density values to model the probability of marbled murrelet exposure to these explosive
detonations in the Offshore Area Subunit.
To estimate the density of marbled murrelets in the Offshore Area (further than 1.9 km/1.04 nm
offshore), we used a different approach than was used for the Inland Waters Subunit where the
NWFPEM surveys provided marbled murrelet density data. The NWFPEM surveys describe
marbled murrelet density at the scale of the Conservation Zone for Zones 2, 3, 4, and 5; however,
the information is limited because surveys only extend between 1.6 km and 8 km (0.86 nm and
4.3 nm) from shore, and were only conducted during the marbled murrelet breeding season.
Most areas where the Navy will perform training and testing are farther offshore than the
NWFPEM surveys, and the Navy’s activities will occur year-round. In order to estimate marbled
murrelet densities in the winter (defined as October 11 through April 10) and farther than 3 nm
(5.56 km) from shore, we modeled marbled murrelet densities based on information from other
studies (Adams et al. 2014, pp. 32-33; Menza et al. 2015, pp. 16, 20-21) in addition to the
NWFPEM surveys. To predict the density of marbled murrelets expected beyond the area
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surveyed under the NWFPEM program, we relied on Menza et al. (2015). A comprehensive
description of the assumptions made in our exposure analysis for the marbled murrelet is
provided in Appendices A and G.
For the “reasonable worst-case” scenario, we assumed marbled murrelets were present beyond
50 nm offshore to calculate the overall probability of exposure. For the “reasonably certain”
scenario, used to calculate the numbers of birds likely to be exposed, we assumed marbled
murrelets were only present within 50 nm (93 km) offshore.
Based on the expected density of marbled murrelets in the Offshore Area and the likelihood of
marbled murrelet exposure within the range of effects of underwater explosions, the Service
calculated the cumulative probably for marbled murrelets being injured and/or killed for each of
the explosive source bins (Table 29).
Table 29. Cumulative probabilities of marbled murrelets being exposed to explosions in
Offshore Areas over the next 20 years.
Probability of marbled
Expected number of marbled
Source
murrelet exposure over 20
murrelet groups exposed over all
Bin
years (”reasonable worst-case”
20 years (”reasonably certain”
scenario)
scenario)
With no pre-detonation surveys
n/a - discountable
E1
< 0.10 (discountable)
1.08
E3 (SUS)
0.95
E4
0.99
2.77
0.13***
E5*
0.72
n/a, only > 50 nm
E10
0.27
n/a, only > 50 nm
E11**
1.0
n/a, only > 50 nm
E12
0.64
*

Explosive source bins E3 and E5 (large-caliber projectiles);, either could be used by the Navy; therefore, for
the Service analyzed explosive with the larger range to effects (190 m).

**

Explosive source bins E8 and E11 are used for the Anti-Surface Warfare/Anti-Submarine Warfare Testing –
Torpedo (Explosive) Testing activity. Either of the source bins could be used, therefore for the Service
analyzed the larger explosive (E11).

***

Exposure to this type of explosive (E3/E5, large-caliber projectiles) is not reasonably certain to occur.

Underwater E1 explosives are associated with medium-caliber projectiles used for Surface-toSurface Gunnery Exercises in the Offshore Area. The probability of exposure of marbled
murrelet to underwater explosions associated with E1use in Offshore Areas is considered
discountable.
E3 explosives are associated with explosive sonobuoys used in Offshore Areas for Maritime
Patrol Aircraft (Sound Underwater Signal) activities. We estimated that 15 explosive sonobuoys
will be dropped per year during the winter within 50 nm of shore in the Offshore Area, for 20
years, with an area of effect of 0.3844 km2 (0.1115614 nm2) per explosion. Based on the range
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to effect distances of the E3 explosive sonobuoys, the Service modeled the cumulative
probability that a marbled murrelet group would be exposed to these explosive sonobuoys over
the next 20 years (Table 29). Based on our exposure analysis of E3 explosive sonobuoys there is
a 70 percent probability that one or fewer groups of marbled murrelets would be exposed, and a
30 percent probability that two or more groups would be exposed. There is a 34 percent
probability that no groups of marbled murrelets would be exposed, with a 66 percent probability
that one or more would be exposed. Therefore, based on our exposure analysis we expect
exposure of 1.08 groups of marbled murrelets to underwater explosions associated with E3
explosive sonobuoys is reasonably certain to occur over the next 20 years.
E4 explosives are associated with explosive sonobuoys used in Offshore Areas for Maritime
Patrol Aircraft (Improved Extended Echo Ranging) activities. We estimated that 24 explosive
sonobuoys will be dropped per year, for 20 years, during the winter within 50 nm of shore, with
an area of effect of 0.6111 km2 (0.1781312 nm2) per explosion. Based on the range to effect
distances of the E4 explosive sonobuoys, we modeled the cumulative probability that a marbled
murrelet group would be exposed to explosive sonobuoys over the next 20 years (Table 29).
Based on our exposure analysis of E4 explosive sonobuoys (underwater), there is a 47 percent
probability that two or fewer groups of marbled murrelets would be exposed, with a 53 percent
probability that three or more groups would be exposed. And, there is a 70 percent probability
that three or fewer groups of marbled murrelets would be exposed, with a 30 percent probability
that four or more groups would be exposed. Based on our exposure analysis, 2.77 groups of
marbled murrelets are likely to be exposed to underwater explosions associated with E4
explosive sonobuoys over the next 20 years.
Underwater E3 and E5 explosives are associated with large-caliber projectiles used in Offshore
Areas for Surface-to-Surface Gunnery exercises, which includes firing 310 detonations per year,
for 20 years. The Navy indicated that either E3 or E5 would be used, so we analyzed exposure
based on use of the explosive bin with the larger range to effects area (0.1133 km2/0.03306512
nm2). Based on the range to effect distances of the E5 explosives, we calculated the cumulative
probability that a marbled murrelet group would be exposed to these projectiles over the next 20
years (Table 29). In the “reasonable worst-case” scenario, there is a 72 percent probability that
one or more marbled murrelet groups would be exposed during the next 20 years. However, in
the “reasonably certain” scenario, there is an 87 percent probability that no marbled murrelets
would be exposed, and a 13 percent probability that one or more marbled murrelet would be
exposed; therefore, we are not reasonably certain that marbled murrelet exposure to underwater
explosions of E3/E5 Surface-to-Surface Gunnery large-caliber projectiles will occur.
E10 explosives are associated with Air-to-Surface Missile Exercises in Offshore Areas. Missiles
are only used farther than 93 km (50 nm) from shore. Exposure of marbled murrelets to air-tosurface missiles was analyzed based on the range to effects values presented in Table 27. We are
not reasonably certain of marbled murrelet presence farther than 50 nm from shore. Therefore,
we conclude that marbled murrelet exposure to air-to-surface missile explosions under water is
not reasonably certain to occur.
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E8 and E11 explosives are associated with Torpedo Testing in Offshore Areas. Torpedo Testing
only occurs farther than 50 nm from shore. We are not reasonably certain of marbled murrelet
presence farther than 50 nm from shore. Therefore, we conclude that marbled murrelet exposure
to underwater explosions associated with Torpedo Testing is not reasonably certain to occur.
E12 explosives are associated with Air-to-Surface Bombing Exercises in Offshore Areas.
Bombing Exercises only occur farther than 50 nm from shore. We are not reasonably certain of
marbled murrelet presence farther than 50 nm from shore. Therefore, we conclude that marbled
murrelet exposure to underwater explosions associated with Air-to-Surface Bombing Exercises
in Offshore Areas is not reasonably certain to occur.
10.4.5.2.4.2.2

Response

Based on the above analyses, marbled murrelet exposure to underwater explosions associated
with the following activities is likely to adversely affect adult and sub-adult marbled murrelets as
a result of their exposure to impulse-related stressors (i.e., blast waves, elevated SPLs,
overpressures and underpressures, etc.):
•

E3 Explosive Sonobuoys – Maritime Patrol Aircraft (Sound Underwater Signal)

•

E4 Explosive Sonobuoys –Maritime Patrol Aircraft (Improved Extended Echo Ranging)

•

E3/E5 Surface-to-Surface Gunnery large-caliber projectiles

Marbled murrelets exposed to underwater explosions and other stressors may be subject to lethal
or non-lethal injuries. Non-lethal injuries may include TS, scarred or ruptured eardrums, or
gastrointestinal tract lesions. Marbled murrelets may survive their exposure to the explosions
and associated stressors; however, we expect such individuals to have reduced levels of fitness
and reproductive success, and higher risk of predation by reducing their ability to detect and/or
evade predators. Lethal injuries may include direct mortality, lung hemorrhaging, ruptured liver,
hemorrhaged kidney, ruptured air sacs, and/or coronary air embolisms. Death from barotrauma
can be instantaneous, occurring within minutes after exposure, or several days later (Abbott et al.
2002).
For individual marbled murrelets that are exposed to explosions but not injured or killed, we
expect a startle response, flushing, or avoidance (i.e., diving, or leaving the area). In uninjured
individuals, these responses would be short term and we would not expect significant disruptions
to their normal behavior that would create a likelihood of injury. However, if several
detonations occurred per day, it may result in significant disruptions to a marbled murrelet’s
normal foraging behavior, potentially reducing individual fitness or their ability to feed a chick.
However, in Offshore areas, we do not expect significant disruptions to normal behaviors
because the associated stressors are of short-duration and do not occur frequently in a day or for
an extended period of time. We expect that if a marbled murrelet is not injured or killed by the
detonation, they will return to normal behaviors in a short period of time.
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Individuals that experience TS from exposure to the stressors associated with underwater
detonations are expected to have damage to the hair cells in their inner ears, and may not be able
to detect biologically relevant sounds such as approaching predators or prey, and/or hear their
mates attempting to communicate. Birds that lose their hearing are at increased risk of predation
and reduced foraging efficiency. Some birds may regain some or all of their hearing sensitivity;
however, they are still temporarily at risk while experiencing TS. Additionally, marbled
murrelets that are exposed to the stressors caused by underwater detonations, but do not
experience TS, may respond by flushing or temporarily ceasing to forage; however, due to the
intermittent nature and short-duration of the exposure, they are expected return to normal
behaviors in a short period of time.
10.4.5.2.4.2.3

Conclusion

The expected value of 3.85 groups of marbled murrelets represents the number of groups that are
reasonably certain to be injured or killed from E3 and E4 explosive sonobuoys within a
cumulative area (i.e., the sum of all individual areas of effect) of 409 km2 (119 nm2) over the
next 20 years. This expected value includes 1.08 groups within a cumulative area (i.e., the sum
of all individual areas of effect) of 115 km2 (33.5 nm2) for E3 explosive sonobuoys, and 2.77
groups within a cumulative area (i.e., the sum of all individual areas of effect) of 293 km2 (85.5
nm2) for E4 explosive sonobuoys.
10.4.5.2.5 Effects of Underwater Explosions on the Short-tailed Albatross
10.4.5.2.5.1

Thresholds and Evaluation Criteria

Underwater detonations are known to have negative physiological and neurological effects on a
wide variety of vertebrate species; including coronary air emboli, lung hemorrhaging, ruptured
livers, hemorrhaged kidneys, ruptured air sacs, and ruptured and scarred eardrums (Cudahy and
Ellison 2002; Gisiner et al. 1998; Hastings and Popper 2005; Yelverton et al. 1973; Yelverton
and Richmond 1981). Experiments using underwater explosives resulted in internal
hemorrhaging and mortality in submerged mallards (Anas platyrynchos) (Yelverton et al. 1973,
p. 49). Death from barotrauma can be instantaneous, occurring within minutes after exposure, or
several days later (Abbott et al. 2002). Several birds exposed to explosions survived and
appeared uninjured, but upon necropsy two weeks later there was evidence of liver blood clots
and lung and kidney injuries (Yelverton et al. 1973, p. 51).
There are no published studies specific to explosions and their physiological effect on shorttailed albatross, or any other seabird. However, there are some data specific to other birds from
evaluations of 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). Fitch and Young
(1948) found that diving cormorants were consistently killed by seismic blasts, and pelicans were
frequently killed when their heads were below water. In the absence of controlled studies
specific to seabirds, we considered these evaluations of the effects of other types of blast
impulses on a variety of vertebrate species, including birds, for evaluating the effects of
explosions on short-tailed albatross.
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Detonating explosives can result in a variety of injuries to organisms. Important biological
variables that factor into the degree to which an animal is affected include its size, anatomical
variation, and location of the organism relative to the explosive source in the water column
(Gisiner et al. 1998, p. 61). Studies of explosives by Yelverton and Richmond (1981), Yelverton
et al. (1973) and Damon et al. (1974) identified injury thresholds in relation to the size of the
charge, the distance from the animal at which the charge was detonated, and the mass of the
animal exposed. Much work has been done to assess the impacts to avian hearing from in-air
sound (Dooling 2002; Dooling and Popper 2007; Dooling 1980; Dooling 1982); however, most
of their work assessed avian hearing range and hearing loss from over-exposure to in-air sound.
The principal mechanism by which blast pressure waves cause physical injuries to organisms is
through oscillations of body tissues and sudden compression and expansion of gas-filled organs.
Most blast injuries in marine animals involve damage to gas-containing organs (e.g., lungs,
gastrointestinal tract, bowels); however, injuries also occur to liver, kidneys, ears, and coronary
arteries (Cudahy and Ellison 2002; Gisiner et al. 1998; Hastings and Popper 2005; Yelverton et
al. 1973; Yelverton and Richmond 1981).
Injuries from high underwater pressure waves occur over a continuum of potential effects,
ranging from mortality and sub-lethal physical effects including TS and gastrointestinal tract
lesions, to non-injurious effects that might result in significant disruption of normal behaviors.
At the most severe end of the spectrum, direct mortality or obvious injuries can occur. For
example, after submerging dog’s heads and exposing them to blasts at 223 dBpeak, Richmond et
al. (1973) estimated that 50 percent of the ears facing the blast had tympanic rupture. Yelverton
et al. (1973) documented less eardrum rupture in submerged mallards exposed to blasting, but
noted extensive lung hemorrhage and a 50 percent prevalence of liver and kidney damage. At
the least severe end of the spectrum of injurious effects, there may be temporary hearing shifts or
small burst blood vessels.
Several authors have described methods for calculating the theoretical kill or injury zones around
underwater explosions (Gaspin 1975; O'Keeffe and Young 1984; Young 1991). A common
metric used for a single acoustic event that accounts for both the negative and positive pressure
wave is sound exposure level (SEL) (Hastings and Popper 2005). An impulse, measured in
Pascal seconds (Pa-sec), is the best way to describe and measure the effects of the explosion on
organisms because it captures all the forces occurring with a fast-acting explosion over time.
Impulse values include all the effects associated with an explosion, such as blast pressure
wave/shock wave, over pressure and under pressure, and peak SPL. If we used a single
component to describe the effects to short-tailed albatross, such as peak SPL, or SEL, we may
not adequately account for the energy from the shock wave or the over pressure. These
components contain significant energy, so by accounting for that energy we have increased
confidence that the distances to effect for barotrauma or injury are comprehensive.
The Service coordinated with the Navy to develop thresholds for onset of injury to short-tailed
albatross (Table 30). The Service requested that the Navy calculate the ranges to effect (i.e., the
area in which we expect injury of short-tailed albatross to occur) for underwater explosions
based on information provided for mallards in Yelverton et al. (1973). We also requested that
the Navy adjust these values for the mass of short-tailed albatross, which are much larger than
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the mallards used in Yelverton’s underwater impulse research. The Navy calculated these ranges
to effects, shown in Table 31. For exposure of fish and mammals to impulses underwater,
Yelverton (1981) and Yelverton et al. (1973) found a correlation between the size of fish and
mammals and the impulse level needed to elicit an injury. While Yelverton did not do this
analysis for birds, we reason that this correlation was independent of the organism’s taxonomic
classification and thus it also applies to birds (for underwater explosions).
Table 30. The Service’s injury or mortality thresholds for short-tailed albatross from underwater
explosions.
Explosions Underwater
Auditory Injury
Barotrauma
Mortality
Bird Species
dB SEL re: µ1 Pa2-sec
(Pa-sec)
(Pa-sec)
Short-tailed
212
94
361
Albatross

Table 31. Navy-provided ranges to effects for short-tailed albatross from underwater explosions.
Short-tailed Albatross
Explosive Bins
E3 off shore
E4
E5*
E8
E10*
E11
E12*
*

Auditory Injury
(≥ 212 dB SEL)
(meters)

Barotrauma
(≥ 94 Pa-sec)
(meters)

Mortality
(≥361 Pa-sec)
(meters)

9
13
2
57
15
144
21

74
82
26
211
53
304
60

26
33
13
106
29
160
33

May detonate at the surface of the water.

The range to effect values the Navy provided (Table 31) were based on Swisdak (1978) impulse
data, to which the Navy also accounted for time cut-off using an equation from Yelverton et al.
(1973) to account for the effect of overpressure and underpressure cancelling each other out.
The Navy FEIS provides graphs of threshold profiles for slight lung injury and mortality based
on different animal masses for each size class of underwater explosive (Navy 2015a, pp. 3.4-215
to 3.4-218). We compared the ranges to effects provided by the Navy (Table 31) with these
tables in the FEIS and explosive impulse ranges from Swisdak (1978), and explosive SPLs from
Hildebrand (2009). Because there were large differences in the distances between the range to
effects values the Navy provided in Table 31 and these other sources of comparison, we
requested that the Navy provide the calculations of the range to effects in Table 31. In some
cases, the ranges to effect for barotrauma represent the largest area of effect and also encompass
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other effects from exposure, including auditory injury and mortality. In other cases, the range to
237 dB peak was larger. We considered the larger of these two values to be the onset of injury
and we modeled probability of exposure based on the associated range to effects.
The Navy provided the calculations we requested (Table 31) and we used that information to
estimate the range to effects to the thresholds (Table 32). We used this information to predict the
range to effects to our thresholds for underwater explosions assuming a maximum diving depth
of two meters (short-tailed albatross are generally surface feeders and shallow divers). The
values we used for range to effects for short-tailed albatross from underwater detonations are
provided below in Table 32.
Table 32. Ranges to effect for onset of injury of short-tailed albatross from underwater
explosions from Swisdak (1978) and Yelverton (1973).
Short-tailed Albatross
Onset of Injury (Barotrauma)
(94 Pa-sec) at 2 m diving depths**

Explosive Bins
E1 Offshore*
E3 Offshore (Sonobuoy)
E4 Offshore
E5* Offshore (included E3 Projectiles)
E7* (***) Offshore
E8 Offshore
E10* Offshore
E11 Offshore
E12* Offshore

22
92
109
75
136
299
276
437
347

*

May detonate at the surface of the water, truncating the range to effects underwater because energy is lost into
the air.

**

Used the larger range to effect of 94 Pa-sec impulse or 237 dB peak

***

Calculated distance to effect for E7 explosion underwater as a proxy for the underwater sound resulting from
non-explosive practice missiles hitting the water.

10.4.5.2.5.1.1

Exposure

The area of exposure for underwater explosions is defined by the range to effects of a particular
net explosive weight of a charge. We used the range to effects (Table 32) and density of birds to
model the probability of short-tailed albatross exposure to these explosive detonations in the
Offshore Area.
To determine the likelihood of short-tailed albatross exposure to explosions, we considered data
from our 5-year status review of short-tailed albatross (USFWS 2014). These data were derived
from direct counts of a breeding colony on Torishima, in which Dr. Hasegawa and his staff
collected information about adults, eggs, chicks, and productivity (USFWS 2014, p. 8). The
population estimates were calculated using a deterministic population model (USFWS 2014, p.
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8). The current total population estimate is 4,354 individuals and the population is growing by
approximately 7.5 percent annually (ranges from 5.2 to 9.4 percent), with 1,928 breeding age
birds as of the 2013-2014 nesting season (USFWS 2014, pp. 8-9). For a more detailed
description of how we determined the number of short-tailed albatross exposure and numbers of
groups reasonably certain to be exposed was determined, please see Appendix A.
At-sea sightings since the 1940’s indicate that short-tailed albatross are widely distributed
throughout their historical foraging range in the North Pacific Ocean and are often found close to
the U.S. coast. From December through April, distribution is concentrated near the breeding
colonies, although foraging trips may extend hundreds of miles or more from the colony sites,
similarly to other albatross. In summer during the breeding season, individuals appear to
disperse widely throughout the historical range of the North Pacific Ocean based on observations
from the northern Gulf of Alaska, Aleutian Island, and Bering Sea, and along the west coast of
North America as far south as the Baja Peninsula, Mexico (65 FR 46643 [July 31, 2000]). Based
on this information, we expect short-tailed albatross could be anywhere in the offshore portion of
the action area at any time of year, regardless of the season. Additionally, short-tailed albatross
are primarily surface feeders, spending relatively little time with their heads underwater.
Based on the distribution and density of short-tailed albatross, the location of detonations, and
the calculated range to effects values (Table 32), the Service calculated the cumulative
probability that a short-tailed albatross would be exposed to and injured from underwater
detonations over the next 20 years (Table 33). A comprehensive description of assumptions
made in our exposure analysis is provided in Appendices A and G.
A number of different types of explosive ordnance may generate underwater explosions.
Underwater E1 explosions are associated with medium-caliber projectiles used for Surface-toSurface Gunnery Exercises in the Offshore Area. Underwater E3 explosions are associated with
explosive sonobuoys used in Offshore Areas for Maritime Patrol Aircraft (Sound Underwater
Signal) activities. Underwater E4 explosions are associated with explosive sonobuoys used in
Offshore Areas for Maritime Patrol Aircraft (Improved Extended Echo Ranging) activities.
Underwater E3 and E5 explosives are associated with large-caliber projectiles used in Offshore
Areas for Surface-to-Surface Gunnery exercises. The Navy indicated that either E3 or E5 would
be used, so we analyzed exposure based on the explosive bin with the larger range to effects area
(E5). Underwater E10 explosions are associated with Air-to-Surface Missile Exercises in
Offshore Areas. Underwater E8 and E11 explosions are associated with Torpedo Testing in
Offshore Areas. The Navy indicated that either E8 or E11 would be used, so we analyzed
exposure based on use of E11 because these had the larger range to effects area. Underwater
E12 explosives are associated with Air-to-Surface Bombing Exercises in Offshore Areas. For
each explosive class, we analyzed the probability of short-tailed albatross exposure based on the
range to effects (see range to effects in Table 32 and probability of exposure below in Table 33).
We determined that exposure of short-tailed albatross to any of these underwater explosions was
extremely unlikely to occur over the next 20 years.
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Table 33. Cumulative probabilities of short-tailed albatross being exposed to underwater
explosions in Offshore Areas over the next 20 years.
Source Bin

E1
E3 (SUS)
E4
E5*
E10
E11**
E12

Probability of exposure
Expected number of individuals
over 20 years
exposed over all 20 years
(“reasonable worst-case” scenario)
(“reasonably certain” scenario)
With no pre-detonation surveys
n/a
< 0.10 (discountable)
n/a
< 0.10 (discountable)
n/a
< 0.10 (discountable)
n/a
< 0.10 (discountable)
n/a
< 0.10 (discountable)
n/a
< 0.10 (discountable)
n/a
< 0.10 (discountable)

*

Explosive source bins E3 and E5 (large-caliber projectiles), either could be used by the Navy;
therefore, for the Service analyzed explosive with the larger range to effects (190 m).

**

Explosive source bins E8 and E11 are used for the Anti-Surface Warfare/Anti-Submarine
Warfare Testing – Torpedo (Explosive) Testing activity. Either of the source bins could be
used, therefore for the Service analyzed the larger explosive (E11).

10.4.5.2.5.1.2

Response

Exposure is extremely unlikely; therefore, no responses by short-tailed albatross are expected.
10.4.5.2.5.1.3

Conclusion

Based on density and distribution of short-tailed albatross in the Offshore Area, the range to
effects of the explosives described above, and the conditions under which the explosives will be
detonated (i.e., depth underwater), we do not expect exposure to short-tailed albatross from
underwater explosions associated with any of the activities involving underwater detonations in
the Offshore Area over the next 20 years.
10.4.5.2.6 Effects of Underwater Explosions on Short-tailed Albatross Prey
The use of explosive ordnance for Navy EOD training may cause mortality in marine forage fish
which are an important prey resource for the short-tailed albatross.
10.4.5.2.6.1.1

Conclusion

We expect that underwater explosions will result in mortality of forage fish. However, we do not
expect a measurable reduction in marine forage fish from exposure to underwater explosions that
would consequently lead to measurable effects in short-tailed albatross.
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10.4.5.3

In-Air Explosions

Explosive munitions are associated with a variety of stressors, including, but not limited to, bow
shock, muzzle blast, pressure/shock waves, elevated SPLs, rapid changes in underpressures and
overpressures, and projectiles and fragments traveling at high velocities. Some of these stressors
occur at the point of firing and along the trajectory of a projectile, in addition to effects
surrounding the site of the explosion. Of the stressors associated with the explosion itself, some
are more severe in the near field (blast zone), while others extend further away, in the far field
(e.g., sound and fragmentation). The energy of a blast pressure wave decays fairly rapidly in the
blast zone, and the energy loss (transmission loss) in the far field has relatively slow decay per
unit of distance traveled. Also, when explosives contain an outer casing, the fragments can
travel in the air at velocities and to distances that can result in injury beyond the extent of the
blast energy (The National Counterterrorism Center 2014b).
An explosion in air produces a blast pressure wave that radiates quickly from the detonation site.
The strength of this wave depends on the type and amount of explosive and the distance from the
detonation location (the strength of the blast pressure wave dissipates with increasing distance).
The typical blast pressure wave from an explosion consists of an instantaneous increase in 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 milliseconds or seconds, while pressure is measured in
micropascals (μPa).
In-air explosions release energy as light, heat, sound, and shock waves. A shock wave is highly
compressed air traveling at supersonic velocities and rapidly decreasing pressures. When the
shock wave meets a surface that is in line-of-sight of the explosion, the shock wave is reflected
and amplified by up to a factor of 13 (FEMA 2003, pp. 4-1, 4- 2). A shock wave also creates a
vacuum, resulting in wind and flying debris in the vicinity of the detonation. On land, some of
the energy creates a crater in the ground and generates a shock wave similar to a high-intensity,
short duration earthquake (FEMA 2003, p. 4-2). The distance (radius) at which injury or death
may occur is expected to vary depending on the size of artillery and munitions that are used.
According to information provided by the Navy during meetings with the Service, some
explosives meant to detonate in air or at the surface may instead detonate below the surface of
the water. Table 34 below describes the explosives that will be used by the Navy over the next
20 years in the Offshore Area. In-air explosives will be used in the Offshore Area only, not in
Inland Waters. The sections below describe the effects to marbled murrelets and short-tailed
albatross when these munitions detonate in the air in the Offshore Area and include an analysis
of all the stressors expected from the use of a particular type of projectile.
Exploding projectiles can produce the following stressors: blast pressure waves (rapid changes in
pressure, also called underpressure and overpressure fluctuations), elevated sound pressure
waves, projectile shock waves (discussed in detail in the section on non-explosive projectiles),
strike by projectiles and projectile fragments traveling at high velocity. Onset of injury occurs at
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the distance at which the farthest ranging stressor extends (the stressor with the largest distance).
These ranges will depend on the explosive device, whether it has an outer casing, and the
quantity of explosives contained within. These explosive devices include bombs, missiles,
explosive projectiles, and torpedoes (Table 34).
Table 34. Explosives that detonate in the air in the Offshore Area.
Net Explosive
NWTT Detonation
Source
Weight
Example Ordnance
Matrix (Air, Underwater,
Class
Water Surface < 1 m)
(pounds [lb.])
E1

Medium-caliber
projectiles

0.1–0.25

Air or Water Surface < 1 m

E3

Large-caliber projectiles

> 0.5–2.5

Air or Water Surface < 1m

E5

5-inch projectiles

> 5–10

Air or Water Surface < 1m

E7

Rolling airframe anti-air
missile

> 20-60

Air

E8

Surface-to-air missile

> 60–100

Air

E10

Air-to-surface missile

> 250–500

Air or Water Surface < 1 m

E12

2,000 lb Bomb

> 650–1,000

Air or Water Surface < 1m

10.4.5.3.1 Effects of In-Air Explosions on the Marbled Murrelet
10.4.5.3.1.1

Thresholds and Evaluation Criteria

There are no published studies specific to in-air explosions and their physiological effect on
marbled murrelets. However, Damon et al. (1974) evaluated the effects of in-air explosions to
birds. Exposure to in-air explosions can result in mortality (instantaneous or delayed), extensive
lung hemorrhaging, eardrum rupture, contused skeletal muscle, ruptured liver, ruptured kidney,
hearing TS, physical displacement (forced by pressure waves into hard objects), and broken
bones. Other non-injurious effects can include disruption of normal behaviors (Damon et al.
1974).
Proximity to the explosion and the quantity of explosives influence the severity and type of
injuries. Explosive impulses behave differently underwater than in the air because of the
difference in reference pressure between the two mediums. Sound travels much faster
underwater than in air, while explosive casing fragments will travel much farther and faster in air
than underwater. This is why the potential “areas where injury may occur” or “ranges to effect”
are different when explosions occur in the air versus underwater. Animals will be similarly
injured by exposure to an explosion depending on 1) their physiological characteristics, 2)
proximity to the explosion, 3) charge weight of the explosive and the energy released upon
detonation, and the 4) medium the explosion occurs in (air or water, or both).
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Much work has been done to assess the impacts to avian hearing from in-air sound (BrittanPowell and Dooling 2002; Dooling et al. 2000; Dooling and Popper 2007; Dooling 1980;
Dooling 1982; Dooling and Dent 2002; Dooling and Brittan-Powell 2005; Ryals et al. 1999;
Ryals and Dooling 2001; Saunders and Dooling 1974; Saunders and Henry 1989); most of their
work assessed avian hearing range and hearing loss from over-exposure to in-air sound. The
time integrated energy average of a frequency-weighted sound pressure thus accounts for
amplitude and spectral characteristics of the noise level (Pater 1981, p. 4). For determining onset
of injury from sound, a SEL is the best metric, while an impulse value is most appropriate for an
explosion. SEL is considered superior to other metrics (i.e., peak SPL), because it allows one to
sum the energy produced with multiple sound sources (Hastings and Popper 2005).
Peak overpressure or dB equivalent peak SPL alone is not always an adequate descriptor of the
effect of blast waves; it is better to apply a weighting for frequency (Pater 1981, p. 3). The time
integrated energy average of a frequency-weighted sound pressure thus accounts for amplitude
and spectral characteristics of the noise level. Because of the complex nature and multiple
stressors associated with an in-air explosion, other than elevated SPLs, we use an impulse metric
(Pa-sec) to establish thresholds and range to effects for onset of injury.
The Service established an in-air threshold for onset of auditory injury of 140 dBA peak re: 20
µPa based on Dooling and Popper (2007, pp. 23-24), who report that birds exposed to noise at
140 dBA peak re: 20 µPa or greater are likely to suffer hearing damage (i.e., onset of injury).
Since most data on effects to hearing from exposure to in-air explosions relates to human
auditory shift, we used 2 psi [TS in humans (Champion 2009, p. 1470)] as the threshold for onset
of auditory injury in this analysis.
We are currently unable to further distinguish between the degree of injuries sustained by
marbled murrelets at sound levels at or above 2 psi re: 20 µPa, fragmentation, and/or other farreaching stressors. In other words, birds exposed to high-velocity fragmentation or SPLs that
exceed 140 dBA peak could experience injuries that range from hearing damage to internal
injuries and/or mortality. The range to effects to onset of injury is meant to describe the farthest
ranging effect expected to occur to the birds, and depends on the type of munitions used.
The Service coordinated with the Navy to develop thresholds for onset of injury and mortality
for marbled murrelets from exposure to in-air explosions (Table 35). The Service requested that
the Navy calculate the ranges to effect for in-air explosions based on information provided in the
work of Damon et al. (1974) on in-air explosives with quail, chickens, and pigeons. We
requested that the Navy adjust these values accordingly for the mass of the marbled murrelet and
the short-tailed albatross, due to the variations in size from the birds used in research by Damon
et al. (1974). The Navy estimated these range to effects based on Damon et al. (1974, p. 32)
(Table 36).
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Table 35. The Service’s injury or mortality thresholds for marbled murrelets and short-tailed
albatross from in-air explosions.
Explosions in Air
Auditory Injury dBA peak
Species
Barotrauma
Mortality
re: 20 µPa
34.5 kPa peak
69 kPa peak
Marbled Murrelet
185 dB re: 20 µPa
191 dB re: 20 µPa
140 dBA peak
& Short-tailed
34.5 Pa-sec
69 Pa-secs
Albatross
Impulse
impulse

Table 36. Navy provided range to effects for marbled murrelets and short-tailed albatross from
in-air explosions.
Explosions in Air

*

Explosive Bins

Barotrauma
( ≥ 5 psi msec)
(meters)

Mortality
( ≥ 10 psi msec)
(meters)

E1

< 1.5

Not provided

E3
E5
E10*
E12*

2
5
30
46

1.5
4
24
34

Only occur at distances greater than 50 nm offshore.

The ranges to effect values that the Navy provided (Table 36) were based on visual interpretation
of graphs in Damon et al. (1974, p. 32) (in-air impulse data). We compared these range to
impulse ranges in Swisdak (1975) and in-air SPL ranges in Hildebrand (2009). There were large
differences between the distances provided by the Navy, based on Damon et al. (1974, p. 32),
and the ranges provided by Swisdak (1975) and Hildebrand (2009). Additionally, many of the
explosive munitions the Navy will use that detonate in the air also contain other stressors we
must evaluate; projectile shock waves, elevated SPLs, rapid changes in overpressures and
underpressures, and strikes from projectiles and projectile fragments.
When fragments are expected from explosions, our analysis showed that the range of effects for
fragments extends farther than the range of effects for blast pressure waves. For fragmentation,
most distances at which adverse effects from artillery and munitions are described in terms of
their impacts to humans. Buffer distances of 366 m and 518 m are recommended for humans in
unconfined areas (i.e., not in a building) to avoid injuries associated with blast waves from
detonating 5 lb and 20 lb explosives (Department of Homeland Security 2009; The National
Counterterrorism Center 2014b), respectively. These distances are recommended to protect
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humans from glass breakage, fragmentation (shrapnel), and ear drum rupture (Department of
Homeland Security 2009). Absent more species-specific information, we considered this to be
the best available information when determining ranges of effect for in-air explosions.
We calculated the distances that the impulse energy and fragmentation would extend until they
attenuated below the threshold for onset of injury (Table 37). In some cases, the range to onset
of injury will reflect the distance where fragmentation can result in injury because explosive
casings will produce fragments that will travel at high-velocities to greater distances than other
stressors associated with an in-air detonation, such as shock waves, elevated SPLs, and rapid
changes in overpressures and underpressures. Please note that the indicated safety range for
fragments in Table 37 is the distance to zero probability of fragments striking a bird, which we
acknowledge is conservative. Some exploding munitions have an outer casing. When in-air
explosives do not contain an outer casing that can fragment upon detonation, we expect that the
greatest range to injurious effects will be the range to onset of auditory injury because elevated
SPLs represent the stressor with the greatest range to effects for onset of injury; this range is
greater than those for barotrauma and mortality that may occur from impulse stressors. We did
not have information regarding which of the explosive munitions to be used in NWTT activities
had outer casings, so we analyzed in-air explosions as if all of the explosive munitions would
fragment. If this is not the case, some of the explosives may have smaller areas of effect than we
analyzed.
Table 37. Range to effects for onset of injury (TS or strike by fragmentation) caused by in-air
explosions.
Class

Charge Wt
(NEW lb)

Range to 2 psi
(onset TS) (m) *

Distance to Human Safety
(m)**

E1
E3
E5
E7
E8
E10
E12

0.1-0.25
0.5-2.5
5-10
21-60
60-100
250-500
650-1000

17.2
28.7
49.2
91.3
106.0
179.6
228.2

241
367
442
539
567
655
692

*

Swisdak data (Swisdak 1975).

**

NCTC data (The National Counterterrorism Center 2014a; The National Counterterrorism Center 2014b).
We used these ranges for exposure analysis because this is the farthest range that fragmentation traveling at
high velocities could extend.

Explosions are expected to be intermittent, interspersed over a large area, and of short duration.
If individual marbled murrelets are exposed to explosions and not injured or killed, we expect a
startle response, flushing, and/or avoidance behaviors (i.e., avoidance diving, or leaving the
area). If individuals are exposed but uninjured, these responses would be short term in duration
and we do not expect significant disruptions to their normal behaviors that would create a
likelihood of injury. We do expect that exposures to these stressors could cause physical injuries
and/or mortality and these effects are addressed below.
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10.4.5.3.1.2

Effect of In-Air Explosions on the Marbled Murrelet in the Offshore Area

10.4.5.3.1.2.1

Exposure

We modeled the probability of marbled murrelet exposure based on the range to effects of the
suite of stressors associated with each type of explosive projectile and the density of marbled
murrelets in the Offshore Area. For a more detailed description of how exposure probabilities
and numbers of groups reasonably certain to be exposed were determined, please see Appendix
A.
Explosive projectiles will be used in the Offshore Area further than 37 km (20 nm) from shore.
We assumed that half of the projectile use would occur in winter and half in summer. During
winter, we expect there is a greater potential for exposure to marbled murrelets that disperse
further from shore. During the summer, marbled murrelets typically remain close to shore
because they are breeding and feeding their young, and we considered that their presence at
distances greater than 22 km (12 nm) from shore to be discountable; therefore, we do not expect
exposure from summer projectile use. We have little information about marbled murrelet
distribution offshore during the winter, and although it is possible that marbled murrelets may be
present at great distances from shore, we are not reasonably certain of their presence at distances
greater than 93 km (50 nm) from the coast. Therefore, we would only expect exposure to
marbled murrelets that disperse further from shore during winter, outside of breeding season.
Based on the area of exposure, and the expected density of marbled murrelets in the Offshore
Area, the Service calculated the cumulative probably for marbled murrelet exposure to each of
the explosive source bins and other stressors associated with these explosive munitions
(Table 38).
Table 38. Probability of marbled murrelet exposure from explosive projectiles (in-air).
Source
Bin

Probability of marbled murrelet
exposure over 20 years
(“reasonable worst-case” scenario)

Expected number of marbled murrelet
groups exposed over all 20 years
(“reasonably certain” scenario)

No Pre-detonation Surveys
E1
E5/E3
E7
E10
E8
E12

18.8
4.8
n/a, greater > 50 nm
n/a, greater > 50 nm
n/a, greater > 50 nm
n/a, greater > 50 nm

1.0
1.0
0.73
0.98
1.0
0.74

E1 explosives are associated with medium-caliber projectiles used for Surface-to-Air and
Surface-to-Surface Gunnery Exercises in the Offshore Area (in the area between 20 nm and 50
nm). Medium-caliber projectiles travel at high-velocities and create a sonic boom (supersonic
projectile). They also create other stressors, including strikes by projectile and high-velocity
fragments, elevated SPLs from the explosion, and blast waves from the explosion. The area of
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effect is defined by the areas of effect from all these stressors combined. The areas of effect
used in our analysis include a circle with a radius equal to the distance to human safety for E1
explosions listed in Table 37, added to the areas of effect for projectile shock wave of mediumcaliber projectiles shown in Table 42. Note that we assumed that all explosive projectiles used in
the Surface-to-Surface Gunnery Exercises would be 25 mm, while those used in the Surface-toAir Gunnery Exercises would be evenly distributed among the four sizes we analyzed. The
Service calculated the cumulative probability that a marbled murrelet would be exposed over the
next 20 years (Table 38) based on the ranges to effect of these stressors, the estimated density of
marbled murrelets, and the number of medium-caliber explosive projectiles to be used.
Assuming that an average of 416 medium-caliber E1 projectiles are used each winter at distances
less than 50 nm (92.6 km) from shore, we expect that 18.8 groups of two marbled murrelets will
be exposed over 20 years. Over 20 years, the sum of all individual areas of effect reasonably
certain to be exposed is 1,988.3 km2 (579.7 nm2).
E3 and E5 explosives are associated with large-caliber projectiles used in Offshore Areas for
Surface-to-Air and Surface-to-Surface Gunnery exercises (in the area between 20 nm and 50
nm). Large-caliber projectiles travel at high-velocities and create a sonic boom (supersonic
projectile). They also create other stressors, including strikes by projectile and high-velocity
fragments, elevated SPLs from muzzle blast and the explosion, and blast waves from the
explosion. The Navy indicated that either E3 or E5 explosives would be used, so we analyzed
exposure based on use of E5 explosives because these had the larger area of effect. The area of
effect is defined by the combined areas of effect of all these stressors. The areas of effect used in
our analysis include a circle with radius equal to the distance to human safety for E5 explosions
listed in Table 37 added to the areas of effect for muzzle blast and projectile shock wave of
large-caliber projectiles shown in Table 43. The Service calculated the cumulative probability
that a marbled murrelet would be exposed over the next 20 years (Table 38) based on the ranges
to effect of these stressors, the estimated density of marbled murrelets, and the number of largecaliber explosive projectiles to be used. Assuming that an average of 21 large-caliber projectiles
(E3/E5) are used each winter at distances less than 50 nm (92.6 km) from shore, we expect that
4.8 groups of two marbled murrelets will be exposed over 20 years. Over 20 years, the sum of
all individual areas of effect reasonably certain to be exposed is 507.6 km2 (148.0 nm2).
E7 explosives are associated with Air-to-Air Missile Exercises. E7 stressors only include falling
fragments because these missiles are used at elevations higher than murrelets are known to fly.
In addition, these missiles are only used in locations farther than 50 nm from shore. If murrelets
are present farther than 50 nm from shore there is the potential they would be exposed, but under
the “reasonably certain” scenario, we did not expect to find murrelets at that distance from shore.
Therefore, although exposure of murrelets to falling fragments is not discountable, it is also not
reasonably certain to occur.
E8 explosives are associated with Surface-to-Air Missile Exercises. Stressors include missile
strike, strike by falling fragments, elevated SPLs from bow shock and the explosion, and blast
waves from the explosion. These Missile Exercises are only used farther than 50 nm from shore.
If marbled murrelets are present farther than 50 nm from shore, they may be exposed, so
exposure to these stressors is not discountable. However, we are not reasonably certain of
marbled murrelet presence in these areas, so we cannot be reasonably certain of their exposure.
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E10 explosives are associated with Air-to-Surface Missile Exercises. Stressors include missile
strike, strike by high-velocity fragmentation, elevated SPLs from bow shock and the explosion,
and blast waves from the bow shock and the explosion. These Missile Exercises are only used
farther than 50 nm from shore. We are not reasonably certain of marbled murrelet presence in
these areas, so we cannot be reasonably certain of their exposure.
E12 explosives are associated Air-to-Surface Bombing Exercises. Stressors include bomb strike,
strike by high-velocity fragmentation, in-air sound from the explosions, and blast waves from the
explosion. Explosive bombs are only used farther than 50 nm from shore. We are not
reasonably certain of marbled murrelet presence farther than 50 nm from shore, so we cannot be
reasonably certain of their exposure.
10.4.5.3.1.2.2

Response

Medium and large-caliber projectiles may injure or kill adult and subadult marbled murrelets by
striking them, or exposing them to blast waves, muzzle blast, shock waves, bow shock, projectile
shock waves, or elevated SPLs. We expect exposure of marbled murrelets from the following
activities:
•

E1 medium-caliber projectiles from Surface-to-Air and Surface-to-Surface Gunnery
Exercises

•

E5/E3 large-caliber projectiles from Surface-to-Air and Surface-to-Surface Gunnery
Exercises

Individuals exposed to explosions and other stressors may experience lethal or non-lethal
injuries. Non-lethal injuries may include TS, scarred or ruptured eardrums, or gastrointestinal
tract lesions. Individuals may survive their exposure to the explosions and other stressors;
however, we expect a reduced level of fitness and reproductive success, and higher risk of
predation. Exposed individuals may also experience lethal injuries that occur instantaneously or
manifest over time. These effects include direct mortality, lung hemorrhaging, ruptured liver,
hemorrhaged kidney, ruptured air sacs, and/or coronary air embolisms. Death from barotrauma
can be instantaneous, occurring within minutes after exposure, or several days later (Abbott et al.
2002).
If individual marbled murrelets are exposed to the stressors and/or detonations, but not injured or
killed, we expect a startle response, flushing, or avoidance (i.e., diving, or leaving the area). In
uninjured individuals, these responses would be short term and we would not expect significant
disruptions to their normal behavior that would create a likelihood of injury. However, if several
detonations occurred per day, it may result in significant disruptions to a marbled murrelet’s
normal foraging behavior, potentially reducing individual fitness or their ability to feed a chick.
For explosions in Offshore Areas, we do not expect significant disruptions to normal behaviors
because the associated stressors are of short-duration and do not occur frequently in a day or for
an extended period of time (less than three hours). We expect that if a marbled murrelet is not
injured or killed by the detonation, they will return to normal behaviors in a short period of time.
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Individuals that experience TS from exposure to the stressors associated with these activities are
expected to have damage to their inner ear hair cells, and may not be able to detect biologically
relevant sounds such as approaching predators or prey, or hear their mates attempting to
communicate. Birds that lose their hearing are at increased risk of predation and reduced
foraging efficiency. Some birds may regain some or all of their hearing sensitivity; however,
they are still temporarily at risk while experiencing TS. Additionally, marbled murrelets that are
exposed to the activity stressors, but do not experience TS, may respond by flushing or
temporarily ceasing to forage; however, due to the intermittent nature and short-duration of
exposure, they are expected return to normal behaviors in a short period of time.
Several assumptions were necessary to predict exposure. For example, if E1 (medium-caliber
projectiles) and E5/E3 (large-caliber projectiles) are fired in bursts of several projectiles, rather
than individually, our analysis would overestimate the number of opportunities for exposure, but
may underestimate area of effect from the sequence of explosions. These sources of over- or
underestimation may partially compensate for each other; however, we cannot precisely predict
these factors without more complete information regarding the deployment of these projectiles.
Additionally, because we assumed all E5 and E3 explosions were E5 (Navy could not provide
more specifics), the results of our exposure analysis may be conservative, because we assumed
the greater range of effects for all of these projectiles.
Many factors could change our estimated area of exposure, if accurate information were
available. For example, the area of marbled murrelet exposure would be smaller if the
projectiles and the projectile shock waves travel higher than 20 m (65.6 ft) above the surface, if
the projectiles travel shorter distances than we estimated, and if the projectiles travel at slower
velocities than we anticipated. (Note that, for surface-to-air projectiles, we truncated the area of
effect to account for the portion of the trajectory along which the injurious sound from the
projectile shock wave is expected to be exclusively above 20 m (65.6 ft) above the surface.)
Additionally, projectile shock waves are cone-shaped and trail behind supersonic projectiles.
Muzzle blast spreads away from the muzzle spherically. Depending on the height at which the
projectile is fired, the area to which a marbled murrelet may be exposed to injury may be
smaller. Furthermore, the area of exposure for muzzle blasts includes areas such as the ship deck
from which projectiles are fired, and other areas where marbled murrelets are unlikely to be
present. While the area of exposure may be smaller than we analyzed, we are unable to quantify
how much smaller, and therefore could not quantify how these factors would influence the
expected number of birds exposed and injured.
Our quantitative analysis also illustrated that the actual number of bird groups exposed to
stressors could be larger than the expected numbers reported above.
•

The expected number of marbled murrelet groups exposed to medium-caliber E1
projectile stressors is 18.8. There is a 52 percent probability that more than 18 groups of
two marbled murrelets will be exposed, and there remains a 43 percent probability that
more than 19 groups of two marbled murrelets will be exposed to medium-caliber E1
projectile stressors.
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•

The expected number of marbled murrelet groups exposed to large-caliber E3 or E5
projectile stressors is 4.8. There is a 53 percent probability that more than four groups of
two marbled murrelets will be exposed, and there remains a 36 percent probability that
more than five groups of two marbled murrelets will be exposed to large-caliber E3 or E5
projectile stressors.

10.4.5.3.1.2.3

Conclusion

We believe that the expected value of 23.6 groups of marbled murrelets within a total habitat
area of 2,496.0 km2 (727.7 nm2) predicted by our probability analysis represents a reasonable
estimate of the number of marbled murrelets that may be affected by E1 and E3/E5 Gunnery
Exercise projectiles in the Offshore Area.
We expect exposure of a total of 18.8 groups of marbled murrelets associated with 1,988.3 km2
(579.7 nm2) from E1 medium-caliber Gunnery Exercise projectiles, and a total of 4.8 groups
associated with 507.6 km2 (148.0 nm2) from E3/E5 large-caliber Gunnery Exercise projectiles,
over the 20 years (Table 38). The habitat areas reported here represent the cumulative area for
which stressors will exceed Service thresholds (i.e., the sum of all individual areas of effect) and
these areas are relatively large. These weapons are transitory, not stationary, being dispensed in
different places over time. Therefore, we assess marbled murrelet exposure as these operations
move over time.
We used an exposure model to estimate the number of marbled murrelets that may be affected by
explosive projectiles because there is significant variability in marbled murrelet distribution and
density in the marine environment. Affected individuals would be extremely difficult to detect.
Our model includes explicit assumptions about seasonal distribution of marbled murrelets and
the extent of the potential effects. The actual number of marbled murrelets affected by exposure
to these explosive projectiles will remain unknown; however, we can reliably quantify the habitat
area affected.
10.4.5.3.2 Effect of In-Air Explosions on the Short-tailed Albatross
10.4.5.3.2.1

Thresholds and Evaluation Criteria

We use the same approach to analyzing these effects to short-tailed albatross as we do for the
marbled murrelet. Please see the Thresholds and Evaluation Criteria section above for details.
For this consultation, we used 2 psi as the threshold for onset of auditory injury from in-air
explosions. We are currently unable to further distinguish between the degree of injuries
sustained by short-tailed albatross at sound levels at or above 2 psi re: 20 µPa, fragmentation,
and/or other far-reaching stressors. In other words, birds exposed to high-velocity fragmentation
or SPLs that exceed 140 dBA peak could experience injuries that range from hearing damage to
internal injuries and/or mortality. The range to effects to onset of injury is meant to describe the
farthest ranging effect, and depends on the type of munitions used.
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For in-air explosions we calculated the distances that the impulse energy and fragmentation
would extend until they attenuated below the threshold for onset of injury (Table 37). In some
cases, the onset of injury range to effects will reflect the distance where fragmentation can result
in injury because explosive casings will produce fragments that will travel at high-velocities to
greater distances than other stressors associated with an in-air detonation, such as shock waves,
elevated SPLs, and rapid changes in overpressures and underpressures. Some exploding
munitions have an outer casing. When in-air explosives do not contain an outer casing that can
fragment upon detonation, we expect that the greatest range to injurious effects will be the range
to onset of auditory injury because elevated SPLs represent the stressor with the greatest range to
effects for onset of injury; this range is greater than those for barotrauma and mortality that may
occur from impulse stressors. We did not have information regarding which of the explosive
munitions to be used in NWTT activities had outer casings, so we analyzed in-air explosions as
if all of the explosive munitions would fragment. If this is not the case, some of the explosives
may have smaller areas of effect than we analyzed.
Explosions are expected to be intermittent, interspersed over a large area, and of short duration.
If individual short-tailed albatross are exposed to explosions and not injured or killed, we expect
a startle response, flushing, and avoidance behaviors (i.e., avoidance diving, or leaving the area).
If individuals are exposed but uninjured, these responses would be short-term in duration and we
do not expect significant disruptions to their normal behaviors that would create a likelihood of
injury. We do expect that exposures to these stressors could cause physical injuries and/or
mortality and these effects are addressed below.
10.4.5.3.2.2
10.4.5.3.2.2.1

Effects of In-Air Explosions on the Short-tailed Albatross in the Offshore Area
Exposure

We modeled the probability of short-tailed albatross exposure based on the range to effects for
the suite of stressors associated with each type of explosive projectile and the density of shorttailed albatross in the Offshore Area. For a more detailed description of how we determined the
numbers of individuals reasonably certain to be exposed, please see Appendix A.
Explosive projectiles will be used in the Offshore Area between 37 km and 463 km (20 nm and
250 nm) from shore. Based on the density and distribution of short-tailed albatross, we expect
they may be present anywhere in this zone where projectiles will be detonated.
Based on the area of exposure and the expected density of short-tailed albatross in the Offshore
Area, the Service calculated the cumulative probability of exposure to each of the explosive
source bins (Table 39).
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Table 39. Probability of short-tailed albatross exposure to explosive projectiles (in-air).
A probability of 1.0 is used to indicate probabilities greater than or equal to 0.995, based on
usual rules of rounding.
Probability of albatross exposure Expected number of albatross exposed
Source
over 20 years
over 20 years
Bin
(“reasonable worst-case” scenario)
(“reasonably certain” scenario)
No Pre-detonation Surveys
5.5
E1
1.0
1.3
E5/E3
0.99
n/a, exposure not reasonably certain
E7
0.20
0.11*
E10
0.44
0.19*
E8
0.57
n/a, exposure not reasonably certain
E12
0.21
*

Short-tailed albatross are not reasonably certain to be exposed to explosive missiles (bins E7, E8, and E10) or
bombs (bin E12); however, we calculated the number of short-tailed albatross we expect to be exposed to E8
and E10 missiles, as the probability of exposure was greater than ten percent in the “reasonably certain”
scenario. Note that the expected number of birds exposed is substantially less than one, indicating that
exposure is unlikely.

E1 explosives are associated with medium-caliber projectiles used for Surface-to-Air and
Surface-to-Surface Gunnery Exercises in the Offshore Area. Medium-caliber projectiles travel at
high-velocities and create a sonic boom. They also create other stressors, including strikes by
projectiles and high-velocity fragments, elevated SPLs from explosions, and blast waves from
explosions. The area of effect is defined by the areas of effect of all stressors combined. The
areas of effect used in our analysis include a circle with radius equal to the distance to human
safety for E1 explosions listed in Table 37 added to the areas of effect for projectile shock wave
of medium-caliber projectiles shown in Table 42. Note that we assumed that all explosive
projectiles used in the Surface-to-Surface Gunnery Exercises would be 25 mm, while those used
in the Surface-to-Air Gunnery Exercises would be evenly distributed among the four sizes we
analyzed. The Service calculated the cumulative probability that a short-tailed albatross would
be exposed over the next 20 years (Table 39), based on the range to effects distances of these
stressors in relation to the Service’s threshold criteria, the estimated density of short-tailed
albatross, and the number of medium-caliber explosive projectiles to be used. Under the
“reasonable worst-case” scenario, we determined that the probability approached 100 percent
that one or more bird would be exposed over 20 years. Given the annual use of 6,368 mediumcaliber explosive projectiles, we expect that 5.5 short-tailed albatross will be exposed over 20
years. Over 20 years, the sum of all individual areas of effect is 30,436.9 km2 (8,874.0 nm2).
E3 and E5 explosives are associated with large-caliber projectiles used in Offshore Areas for
Surface-to-Air and Surface-to-Surface Gunnery exercises. Large-caliber projectiles travel at
high-velocities and create a sonic boom. They also create other stressors, including strikes by
projectiles and high-velocity fragments, elevated SPLs from muzzle blast, bow shock and
explosions, and blast waves from explosions. The Navy indicated that either E3 or E5 would be
used, so we analyzed exposure based on the explosive bin with the larger range to effects area.
The area of effect is defined as the radius of effect from all these stressors combined. The areas
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of effect used in our analysis include a circle with radius equal to the distance to human safety
for E5 explosions listed in Table 37 added to the areas of effect for muzzle blast and projectile
shock wave of large-caliber projectiles shown in Table 43. The Service calculated the
cumulative probability that a short-tailed albatross would be exposed over the next 20 years
(Table 39), based on the range to effects distances of these stressors in relation to the Service’s
threshold criteria, the estimated density of short-tailed albatross, and the number of large-caliber
explosive projectiles to be used. Under the “reasonable worst-case” scenario, we determined that
there would be a 99 percent chance that one or more bird would be exposed over 20 years.
Given the annual use of 310 medium-caliber explosive projectiles, we expect that 1.3 short-tailed
albatross will be exposed over 20 years. Over 20 years, the sum of all individual areas of effect
is 7,408.9 km2 (2,160.1 nm2).
E7 explosives are associated with Air-to-Air Missile Exercises. These Missile Exercises occur at
higher elevations than short-tailed albatross are known to fly; however, as the fragments fall into
the areas where short-tailed albatross may be present, individuals may be struck by these
fragments. Therefore, the only stressors include falling fragments. Our exposure analysis
predicts that, in the “reasonable worst-case” scenario, there is a 20 percent chance that one or
more individuals will be exposed over the course of 20 years. Therefore, short-tailed albatross
exposure to this stressor is not discountable. However, in the “reasonably certain” scenario,
there is less than a ten percent chance of exposure, so exposure to individuals from these
stressors is not reasonably certain to occur.
E8 explosives are associated with Surface-to-Air Missile Exercises. Stressors include missile
strike, elevated SPLs from bow shock and the explosion, and blast waves from the bow shock
and the explosion. Some E8 class missiles are short-range and some are long-range; of eight E8
missiles used annually, we assumed that one would be long-range, and the rest short-range. The
Service calculated the cumulative probability that a short-tailed albatross would be exposed over
the next 20 years (Table 39), based on the range to effects distances of these stressors in relation
to the Service’s threshold criteria, the estimated density of short-tailed albatross, and the number
of E8 missiles to be used. Under the “reasonable worst-case” scenario, we determined that there
would be a 57 percent chance that one or more bird would be exposed over 20 years. The
expected number of individuals exposed to these stressors over the next 20 years is 0.13. For the
“reasonably certain” scenario, there was an 83 percent probability that no short-tailed albatross
would be exposed, and a 17 percent probability that one or more individuals would be exposed.
Therefore, short-tailed albatross exposure to E8 missiles is not reasonably certain to occur but is
also not discountable. The total area exposed over 20 years is 1,056.3 km2 (308.0 nm2).
E10 explosives are associated with Air-to-Surface Missile Exercises. Stressors include strikes by
missiles and high-velocity fragments, elevated SPLs from bow shock and the explosion, and
blast waves from the bow shock and the explosion. Some E10 class missiles are short-range and
some are long-range; of four E10 missiles used annually, we assumed that one would be longrange, and the rest short-range. The Service calculated the cumulative probability that a shorttailed albatross would be exposed over the next 20 years (Table 39), based on the range to effects
distances of these stressors in relation to the Service’s threshold criteria, the estimated density of
short-tailed albatross, and the number of E10 missiles to be used. Under the “reasonable worstcase” scenario, we determined that there would be a 44 percent chance that one or more bird
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would be exposed over 20 years. For the “reasonably certain” scenario, there was an 89 percent
probability that no short-tailed albatross would be exposed, and an 11 percent probability that
one or more individuals would be exposed. Therefore, short-tailed albatross exposure to E10
missiles is neither discountable nor reasonably certain. The total area exposed over 20 years is
626.5 km2 (182.7 nm2).
E12 explosives are associated with Air-to-Surface Bombing Exercises. Stressors include strikes
by bombs and high-velocity fragments, in-air sound from the explosions, and blast waves from
the explosions. These Bombing Exercises may result in fragments flying into the areas where
short-tailed albatross may be present and individuals may be struck by these fragments or
exposed to elevated in-air sound and blast waves. Our exposure analysis predicts that in the
“reasonable worst-case” scenario, there is a 21 percent chance that one or more individuals will
be exposed over the course of 20 years, so exposure of short-tailed albatross to these stressors is
not discountable. However, in the “reasonably certain” scenario, there is less than a ten percent
chance of exposure, so exposure to individuals from these stressors is not reasonably certain to
occur.
10.4.5.3.2.2.2

Response

Medium and large-caliber projectiles may injure or kill short-tailed albatross by striking them, or
exposing them to blast waves, muzzle blast, shock waves, bow shock, projectile shock waves, or
elevated SPLs. We expect exposure of marbled murrelets from the following activities:
•

E1 medium-caliber projectiles from Surface-to-Air and Surface-to-Surface Gunnery
Exercises

•

E3/E5 large-caliber projectiles from Surface-to-Air and Surface-to-Surface Gunnery
Exercises

Individuals exposed to explosions and other stressors may experience lethal or non-lethal
injuries. Non-lethal injuries may include TS, scarred or ruptured eardrums, or gastrointestinal
tract lesions. Individuals may survive their exposure to the explosions and other stressors;
however, we expect a reduced level of fitness and reproductive success, and higher risk of
predation. Exposed individuals may also experience lethal injuries that occur instantaneously or
manifest over time; these include direct mortality, lung hemorrhaging, ruptured liver,
hemorrhaged kidney, ruptured air sacs, and/or coronary air embolisms. Death from barotrauma
can be instantaneous, occurring within minutes after exposure, or several days later (Abbott et al.
2002).
If individual short-tailed albatross are exposed to the stressors and/or detonations, but are not
injured or killed, we expect a startle response, flushing, and avoidance behaviors (i.e., avoidance
diving, or leaving the area). In uninjured individuals, these responses would be short term in
duration and we do not expect significant disruptions to their normal that would create a
likelihood of injury. However, if several detonations occurred per day and significantly
disrupted normal foraging behavior, foraging efficiency would be impacted, thereby reducing
fitness, or their ability to provision a chick. For these explosions in Offshore Areas, we do not
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expect significant disruptions to normal behaviors because the associated stressors are shortduration and do not occur frequently in a day or for an extended period of time such that we
would expect a measurable effect to an individual. We expect that if a short-tailed albatross is
not injured or killed by the detonation, they will flush and return to normal activities in a short
period of time.
Individuals that experience TS from exposure to the stressors associated with these activities are
expected to have damage to the hair cells in their inner ears, and may not be able to detect
biologically relevant sounds such as approaching predators or prey, and/or hear their mates
attempting to communicate. Birds with reduced hearing sensitivity are at increased risk of
predation and may experience reduced foraging efficiency. Individuals may regain some or all
of their hearing sensitivity; however, they are still temporarily at risk while experiencing TS.
Additionally, short-tailed albatross that are exposed to the activities stressors, but do not
experience TS, may respond by flushing or temporarily ceasing to forage; however, due to the
intermittent nature and short-duration of exposure, they are expected return to normal behaviors
in a short period of time.
Several assumptions were necessary to predict exposure. For example, if E1 (medium-caliber
projectiles) and E3/E5 (large-caliber projectiles) are fired in bursts of several projectiles, rather
than individually, our analysis overestimates the number of intendant opportunities for exposure,
but may underestimate area of effect from the sequence of explosions. These sources of over or
underestimation may partially compensate for each other; however, we cannot precisely predict
these factors without additional information regarding how these projectiles are employed.
Additionally, because we assumed all E3 and E5 explosions were E5 (the Navy could not
provide more specifics), our exposure analysis results may be conservative, because we assumed
the greater range of effects for all these projectiles.
Many factors would change the area of exposure we estimated if more accurate information were
available. For example, the area of exposure would be smaller if the projectiles and the
projectile shock waves travel higher than 20 m above the surface (where albatross presence
would be expected), if the projectiles travel shorter distances than we estimated, or if the
projectiles travel at slower velocities than we anticipated. (Note that, for surface-to-air
projectiles, we truncated the area of effect to account for the portion of the trajectory along
which the injurious sound from the projectile shock wave is expected to be exclusively above 20
m (65.6 ft) above the surface.) Additionally, projectile shock waves are cone-shaped and trail
behind supersonic projectiles and muzzle blast noise spreads away from muzzles spherically.
The area to which an albatross may be exposed to injury may be smaller, depending on the
height at which the projectile is fired. Furthermore, the area of exposure for muzzle blasts
includes areas such as the ship deck from which the projectiles are fired. Depending on the area
of effect, the area of exposure may be restricted to the deck of the ship, where albatross would
not be present. While the area of exposure may be smaller than we analyzed, we are unable to
quantify how much these factors would influence the expected number of birds exposed and
injured.
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Our quantitative analysis also illustrated that the actual number of birds exposed to stressors
could be larger than the expected numbers reported earlier.
•

The expected number of short-tailed albatross exposed to medium-caliber E1 projectile
stressors is 5.5. There is a 48 percent probability that more than five short-tailed
albatross will be exposed, and there remains a 32 percent probability that more than six
individuals will be exposed to medium-caliber E1 projectile stressors.

•

The expected number of short-tailed albatross exposed to large-caliber E3 or E5
projectile stressors is 1.3. There is a 36 percent probability that more than one shorttailed albatross will be exposed, and there remains a 14 percent probability that more than
two groups of marbled murrelets will be exposed to large-caliber E3 or E5 projectile
stressors.

10.4.5.3.2.2.3

Conclusion

We believe that the expected value of 7.1 individual short-tailed albatross within a total habitat
area of 39,528.4 km2 (11,524.7 nm2) predicted by our probability analysis represents a
reasonable estimate of the number of short-tailed albatross that may be affected by E1 and E3/E5
Gunnery Exercise projectiles, and E10 and E8 Missile Exercises in the Offshore Area.
There may be exposure of a total of 7.1 short-tailed albatross within the habitat areas described
below (Table 39):
•

5.5 individuals within 30,436.9 km2 (8,874.0 nm2) from E1 medium-caliber Gunnery
Exercise projectiles

•

1.3 individuals within 7,408.9 km2 (2,160.1 nm2) from E3/E5 large-caliber Gunnery
Exercise projectiles

•

0.11 individuals within 1,056.3 km2 (182.7 nm2) from E10 Missile Exercises

•

0.19 individuals within 626.5 km2 (308.0 nm2) from E8 Missile Exercises

We are reasonably certain that a total of 6.8 short-tailed albatross will be exposed within the
habitat areas described below (Table 39):
•

5.5 individuals within 30,436.9 km2 (8,874.0 nm2) from E1 medium-caliber Gunnery
Exercise projectiles

•

1.3 individuals within 7,408.9 km2 (2,160.1 nm2) from E3/E5 large-caliber Gunnery
Exercise projectiles

The habitat areas reported here represent the cumulative area in which stressors will exceed
Service thresholds (i.e., the sum of all individual areas of effect). These areas are relatively large
because these weapons are transitory and are fired in different places over time.
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We used an exposure model to estimate the number of short-tailed albatross that may be exposed
to these explosive projectiles because there is tremendous variability in short-tailed albatross
distribution and density in the marine environment. Affected individuals would be very difficult
to detect. Our model includes explicit assumptions about seasonal distribution of albatross and
the extent of the potential effects. The actual number of albatross affected these explosions is
unknown; however, we can reliably quantify the habitat area affected as a surrogate for those
numbers.
10.4.5.4

Non-Explosive Projectiles

Non-explosive projectiles can injure or kill seabirds if they are directly hit, and the
sound/pressure wave creates a larger area where auditory injury or barotrauma can occur. The
sound/pressure waves associated with non-explosive projectiles that can injure animals come
from projectile shock waves and muzzle blasts. As discussed in greater detail in the section on
in-air explosions (above) we consider sound/pressure waves above 140 dBA peak re: 20 μPa to
be sufficient to injure birds. However, some of the available data (Pater 1981) were not
presented in A-weighted values. As such, we increased the threshold value by 15 dB to account
for the differences in weighting, and used 155 dB peak to approximate the same threshold when
A-weighted values were not available.
If they are large enough and moving faster than the speed of sound, projectiles will be
accompanied by a shock wave created by the projectile compressing the air in front of it. Larger
projectiles will compress more air (creating larger projectile shock waves), and faster projectiles
will compress air further (creating more intense projectile shock waves). Larger shock waves
will affect larger areas of habitat, and more intense shock waves can cause greater injury. These
shock waves will also affect larger areas of habitat as they require more space to dissipate to
levels below injury thresholds. The projectile shock wave also trails behind the projectile as it
travels supersonically through the air. With sufficiently large projectiles, projectile shock waves
will be present along the entire path of the projectile while it is supersonic. Using data and
equations from Pater (1981, pp. C-20, E-4), we determined that both medium- and large-caliber
projectiles are large enough to create projectile shock waves that exceed the sound/pressure wave
injury threshold.
Muzzle blasts are the result of air being compressed around the muzzle of guns as they fire
projectiles. Near the guns, sound/pressure waves from muzzle blasts are much more intense than
projectile shock waves (Pater 1981, p. 8). We considered only the firing of large-caliber
projectiles would create muzzle blast sound/pressure waves exceeding the injury threshold for
birds.
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10.4.5.4.1 Effects of Non-Explosive Projectiles on the Marbled Murrelet in the Offshore Area
Use of non-explosive projectiles (small-caliber, medium-caliber, and large-caliber) is expected
only in the Offshore Area.
10.4.5.4.1.1.1

Exposure: Small-caliber Non-Explosive Projectiles

Physical strike is the only stressor associated with small-caliber projectiles; therefore, the area of
exposure for small-caliber projectiles is defined by the projectile’s path. Since many weapons
that use small-caliber ammunition fire the projectiles in short successions, we assumed that small
caliber projectiles will be fired in bursts of five. We therefore divided the total number of smallcaliber projectiles fired in the proposed action by five to determine the number of instances when
marbled murrelets could be struck by small-caliber projectiles.
In order for marbled murrelets to be stuck by projectiles, those projectiles need to occur in
marbled murrelet habitat, while marbled murrelets are in the path of the projectile. We estimated
marbled murrelet exposure to projectiles based on the number of projectiles proposed for use and
assuming an even distribution in time and space. We then reduced that number of projectiles
proportional to those that will be fired in the summer when marbled murrelets will not be in the
exposure area (because it begins 20 nm from shore). We also reduced the number of projectiles
proportional to the number fired in the area greater than 50 nm from shore (because we are not
reasonably certain that murrelets occur greater than 50 nm offshore).
Considering that small-caliber projectiles will be fired in bursts and that projectiles are proposed
within and beyond marbled murrelet habitat, we determined that there will be a total of 1,697
instances (8,485 projectiles) when we are reasonably certain that marbled murrelet habitat will be
exposed to stressors associated with firing small-caliber projectiles.
Each one of those instances has an area of exposure of 0.004 km2 (0.001066 nm2). Over the 20
years of the proposed action, a total of 124.1 km2 (36.18 nm2) of marbled murrelet habitat will be
exposed to stressors associated with small-caliber projectiles. The total habitat area reported
here represents the cumulative area for which stressors will exceed Service thresholds (i.e., the
sum of all individual areas of effect). Based on the density of marbled murrelets in the offshore
area where projectiles will be fired we expect 1.17 groups of marbled murrelets to be exposed to
physical strike from small-caliber projectiles over the 20 years of the proposed action.
10.4.5.4.1.1.2

Exposure: Medium-caliber Non-Explosive Projectiles

Due to their size and velocity, medium-caliber projectiles have the potential to affect marbled
murrelets both through physical strike and through the shock wave and elevated SPLs associated
with a supersonic projectile. The area of exposure for medium-caliber projectiles is therefore
defined by the extent of the shock wave from the path of the projectile. Since many weapons
that use medium-caliber ammunition fire the projectiles in short succession, we assumed that
medium-caliber projectiles will be fired in bursts of five. We therefore divided the total number
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of non-explosive medium-caliber projectiles fired in the proposed action by five to determine the
number of instances when marbled murrelets could be adversely affected by medium-caliber
projectiles.
In order for marbled murrelets to be exposed to stressors associated with projectiles, those
projectiles need to occur in marbled murrelet habitat, while marbled murrelets are present. We
estimated marbled murrelet exposure to projectiles based on the number of projectiles proposed
for use and assuming an even distribution in time and space. We then reduced that number of
projectiles proportional to those that will be fired in the summer when marbled murrelets will not
be in the exposure area (because it begins 20 nm from shore). We also reduced the number of
projectiles proportional to the number fired in the area greater than 93 km (50 nm) from shore
(because we are not reasonably certain that murrelets occur greater than 93 km [50 nm]
offshore). Considering that medium-caliber projectiles will be fired in bursts and that projectile
firings are proposed within and beyond marbled murrelet habitat, we determined that there will
be a total of 600 instances (3,000 projectiles) when we are reasonably certain that marbled
murrelet habitat will be exposed to stressors associated with firing medium-caliber, nonexplosive projectiles.
As stated earlier, the area of exposure to stressors associated with medium-caliber projectiles is
the extent to which the projectile shock wave overlaps with marbled murrelet presence (the
surface of the ocean to 20 m above). The size and speed of the projectile, as well as the length of
the trajectory, determine the area affected by projectile shock wave when it is supersonic. The
“medium-caliber” category is defined by the projectiles being smaller than 57 mm, and the most
common sizes of medium-caliber projectiles are 20, 25, and 40 mm (Navy 2015a, p. 2-23).
Without knowing the entire range of sizes for medium-caliber projectiles, we assumed a fourth
size (56 mm) just smaller than the upper limit of the medium-caliber category. We used those
four sizes (20, 25, 40, and 56 mm) to model the impacts of medium-caliber projectiles. Without
knowing the proportions of different-sized projectiles used for training, we assumed equal
proportions of each projectile size. Our model of medium-caliber projectile impacts is therefore
comprised of 25 percent 20 mm projectiles, 25 percent 25 mm projectiles, 25 percent 40 mm
projectiles, and 25 percent 56 mm projectiles. The areas of exposure for the different sizes of
medium-caliber projectiles are summarized below in Table 40.
Over the 20 years of the proposed action, a total of 965.2 km2 (281.4 nm2) of marbled murrelet
habitat will be exposed to stressors associated with medium-caliber non-explosive projectiles.
The total habitat area reported here represents the cumulative area for which stressors will
exceed Service thresholds (i.e., the sum of all individual areas of effect). Based on the density of
marbled murrelets in the offshore area where projectiles will be fired, the area of effect of each
burst of projectiles, and the number of projectile bursts, we expect a total of 9.1 groups of
marbled murrelets to be exposed to stressors.
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Table 40. Areas of exposure for stressors associated with medium-caliber non-explosive
projectiles.

Length of
trajectory in m
and (nm)1
Radius of
projectile
shock wave in
m and (nm)
Area of effect
for single
instance in
km2 and (nm2)
Instances per
year
Total marbled
murrelet
habitat
exposed over
20 years in
km2 and (nm2)
1

20 mm
1,100
(0.594)

Surface-to-Air
25mm 40 mm
1,189
2,217
(0.642)
(1.20)

56 mm
3,352
(1.81)

20 mm
3,660
(1.97)

13.6
(7.37 x
10-3) (

19.4
(0.0105)

6.20
(3.346 x
10-3)

0.0198
(5.79 x
10-3)

0.0605
(0.0176)

0.130
(0.0379)

0.0453
(0.0132)

32

32

32

32

8.73
(2.54)

12.7
(3.70)

38.7
(11.3)

83.8
(24.3)

6.20
(3.346 x
10-3)
0.0136
(3.98 x
10-3)

8,35
(4.51 x
10-3)

Surface-to-Surface
25mm
40 mm
3,660
3,660
(1.97)
(1.97)
8,35
(4.51 x
10-3)

56 mm
3,660
(1.97)

13.6
(7.37 x
10-3) (

19.4
(0.0105)

0.0610
(0.0176)

0.0998
(0.0291)

0.142
(0.0414)

118

118

118

118

107
(31.2)

144
(42.0)

236
(68.7)

335
(97.7)

The length of the projectile’s trajectory is the maximum distance projectiles can travel for surface-to-air
projectiles or the distance between the ship and the target (4,000 yards) for surface-to-surface projectiles. For
surface-to-air projectiles, the length of trajectory also accounts for the projectiles traveling upward (based on the
minimum target altitude of 500 ft) so that at a point stressors associated with the projectile no longer impact the
surface of the water or altitudes where marbled murrelets are likely to be flying.

10.4.5.4.1.1.3

Exposure: Large-caliber Non-Explosive Projectiles

Since they travel faster than the speed of sound, large-caliber projectiles have the potential to
affect marbled murrelets both through physical strike and through the shock wave and elevated
SPLs associated with the supersonic projectile shock wave. Firing large-caliber projectiles also
produces muzzle blast noise which can affect marbled murrelets. The area of exposure for largecaliber projectiles is therefore defined by adding the area of the projectile shock wave extending
out from projectile paths and the area of the shock wave and injurious sound around the muzzle
blast. As we did with the other categories of non-explosive projectiles, we assumed that largecaliber projectiles will be fired in bursts of five. We therefore divided the total number of nonexplosive large-caliber projectiles fired in the proposed action by five to determine the number of
instances when marbled murrelets could be adversely affected by large-caliber projectiles.
In order for marbled murrelets to be exposed to stressors associated with projectiles, those
projectiles need to occur in marbled murrelet habitat, while marbled murrelets are present. We
estimated marbled murrelet exposure to projectiles based on the number of projectiles proposed
for use and assuming an even distribution in time and space. We then reduced that number of
projectiles proportional to those that will be fired in the summer when marbled murrelets will not
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be in the exposure area (because it begins 20 nm from shore. We also reduced the number of
projectiles proportional to the number fired in the area greater than 93 km (50 nm) from shore
(because we are not reasonably certain that murrelets occur greater than 50 nm offshore).
Assuming that large-caliber projectiles will be fired in bursts and considering that projectile
firings are proposed within and beyond marbled murrelet habitat, we determined that there will
be a total of 41 instances (205 projectiles) when we are reasonably certain that marbled murrelet
habitat will be exposed to stressors associated with firing large-caliber, non-explosive projectiles.
We assumed that the most common size of large-caliber projectiles (5-inch diameter) (Navy
2015a, p. 2-24) would be used for all large-caliber projectile firings. The areas of exposure for
large-caliber projectiles are summarized below in Table 41.
Table 41. Areas of exposure for stressors associated with large-caliber non-explosive projectiles
Surface-to-Air
Surface-to-Surface
5,240
11,112
1
Length of trajectory in m and (nm)
(2.83)
(6)
Radius of projectile shock wave in m
and (nm)
Radius of muzzle blast in m and
(nm)
Area of exposure for single instance
in km2 and (nm2)
Instances per year
Total marbled murrelet habitat
exposed over 20 years instance in
km2 and (nm2)
1

41.6
(0.0224)

41.6
(0.0224)

79.7
(0.043)

79.7
(0.043)

0.456
(0.132)

0.944
(0.275)

2

39

18
(5.31)

736
(215)

The length of the projectile’s trajectory is the distance between the ship and target (Navy 2015b, pp. 5-41, 5-70).
For surface-to-air projectiles, the length of trajectory also accounts for the projectiles traveling upward (based on
the minimum target altitude of 500 ft) so that at a point stressors associated with the projectile no longer impact
the surface of the water or altitudes where marbled murrelets are likely to be flying.

Over the 20 years of the proposed action, a total of 754.3 km2 (219.9 nm2) of marbled murrelet
habitat will be exposed to stressors associated with large-caliber non-explosive projectiles. The
total habitat area reported here represents the cumulative area for which stressors will exceed
Service thresholds (i.e., the sum of all individual areas of effect). Based on the density of
marbled murrelets in the offshore area where projectiles will be fired, we expect that a total of
7.1 groups of marbled murrelets to be within that area and therefore exposed to stressors.

194

10.4.5.4.1.1.4

Response: All Non-Explosive Projectiles

Small-caliber non-explosive projectiles can kill or injure marbled murrelets by directly striking
birds. Medium-caliber non-explosive projectiles may strike birds and may also cause auditory
injury or barotrauma from the projectile shock waves (sound/pressure waves) of supersonic
projectiles. Large-caliber non-explosive projectiles can result in the same effects as mediumcaliber projectiles, and can also cause auditory injury or barotrauma from the muzzle blast.
The expected number of groups of marbled murrelets that will be exposed to stressors associated
with projectile firings may overestimate the number of birds that will actually be injured. The
number of groups of marbled murrelets exposed to stressors is the result of applying the density
of marbled murrelets in the offshore area affected to the area of exposure of each type of
projectile firing. There are several reasons why the areas in which birds would be injured could
be smaller than the calculated areas of effect:
•

Projectiles may travel higher than typical marbled murrelet surface habitat (water surface
to 20 m above the surface);

•

Projectiles may travel a shorter distance then estimated; or

•

Some medium- and large-caliber projectiles may be slower or not supersonic for part or
all of their flights.

The area of injury will also be smaller than the area of exposure due to the shape of the sound
pressure waves. Projectile shock waves are cone-shaped and trail behind supersonic projectiles.
Also, muzzle blast noise spreads away from guns spherically. For our exposure analysis, we
used the maximum extent of the area where sound will be above the 140 dBA peak re: 20 μPa
injury threshold. Depending on the height of the projectile, a smaller area of typical surface
habitat may actually be exposed to injurious levels of sound. Furthermore the area of exposure
for muzzle blasts includes areas (such as the deck of the ship firing its guns) where birds are
unlikely to be present. While the area of injury may be smaller than the analyzed area of
exposure, we are unable to quantify how these factors would influence the expected number of
birds exposed when trying to determine the number of birds that would be injured (Figure 16).
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Figure 16: Estimation of seabird exposure to stressors associated with projectiles.

Our quantitative analysis also illustrated that the actual number of birds exposed to stressors
could be larger than the expected numbers reported earlier.
•

The expected number of marbled murrelet groups exposed to small-caliber projectile
stressors is 1.17. There is a 33 percent probability that more than one pair of marbled
murrelets will be exposed, and there remains a 12 percent probability that more than two
groups of marbled murrelets will be exposed to small-caliber projectile stressors.

•

The expected number of marbled murrelet groups exposed to medium-caliber projectile
stressors is 9.1. There is a 43 percent probability that more than 9 groups of marbled
murrelets will be exposed, and a 31 percent probability that more than 10 groups of
marbled murrelets will be exposed to small-caliber projectile stressors.

•

The expected number of marbled murrelet groups exposed to large-caliber projectile
stressors is 7.1. There is a 43 percent probability that more than 7 groups of marbled
murrelets will be exposed, and there remains a 30 percent probability that more than 8
groups of marbled murrelets will be exposed to small-caliber projectile stressors.
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10.4.5.4.1.1.5

Conclusion

We expect that 17.4 groups or 34.9 marbled murrelets (assuming 2 birds per group) within
1,843.6 km2 (537.5 nm2) of habitat will be exposed to potentially injurious effects from nonexplosive projectile firings over the 20 year life of the proposed action. The habitat areas
reported here represent the cumulative area for which stressors will exceed Service thresholds
(i.e., the sum of all individual areas of effect). We used an exposure model to estimate the
number of marbled murrelets that may be affected by this stressor. Our model includes explicit
assumptions regarding the seasonal distribution of marbled murrelets and the extent of the
potential effects. Given the tremendous variability in the distribution and density of marbled
murrelets in the marine environment, we are limited in our ability to accurately correlate the
expected exposure to the actual number of marbled murrelets that may be injured by these
activities. While the actual number of marbled murrelets that are reasonably certain to be
affected by this stressor is unknown, we are able to reliably quantify the area of habitat affected.
We believe that the expected values from our probability analysis represent a reasonable estimate
of the number of marbled murrelets that may be affected.
10.4.5.4.2 Effects of Non-Explosive Projectiles on the Short-tailed Albatross in the Offshore
Area
Use of non-explosive projectiles (small-caliber, medium-caliber, and large-caliber) is expected
only in the Offshore Area.
10.4.5.4.2.1.1

Exposure: Small-caliber Non-Explosive Projectiles

Physical strike is the only stressor associated with small-caliber projectiles; therefore the area of
exposure for small-caliber projectiles is defined by the projectile’s path. Since many weapons
that use small-caliber ammunition fire the projectiles in short successions, we assumed that small
caliber projectiles will be fired in bursts of five. We therefore divided the total number of smallcaliber projectiles fired in the proposed action by five to determine the number of instances when
albatross could be struck by small-caliber projectiles.
Projectile firings are only proposed in the offshore area further than 20 nm from the shore.
Short-tailed albatross can occur anywhere within the testing and training area beyond 20 nm
from shore. Considering that small-caliber projectiles will be fired in bursts and that all
projectile firings are proposed within short-tailed albatross habitat, we determined that there will
be a total of 24,240 instances (121,200 projectiles) per year when short-tailed albatross habitat
will be exposed to stressors associated with firing small-caliber projectiles.
Each one of those instances has an area of exposure of 0.011 km2 (0.0032 nm2). Over the 20
years of the proposed action a total of 5,319.4 km2 (1,550.88 nm2) of short-tailed albatross
habitat will be exposed to stressors associated with small-caliber projectiles. The total habitat
area reported here represents the cumulative area for which stressors will exceed Service
thresholds (i.e., the sum of all individual areas of effect). Based on the density of short-tailed
albatross in these areas, we expect 0.79 albatross to be exposed to physical strike from smallcaliber projectiles over the 20 years of the proposed action.
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10.4.5.4.2.1.2

Exposure: Medium-caliber Non-Explosive Projectiles

Due to their size and velocity, medium-caliber projectiles have the potential to affect short-tailed
albatross both by physically striking the birds and through the shock wave and elevated SPLs
associated with the projectile shock wave of the supersonic projectile. The area of exposure for
medium-caliber projectiles is therefore defined by the projectile shock wave extending out from
projectile paths. Since many weapons that use medium-caliber ammunition fire the projectiles in
short succession, we assumed that medium-caliber projectiles will be fired in bursts of five. We
therefore divided the total number of non-explosive medium-caliber projectiles fired in the
proposed action by five to determine the number of instances when albatross could be adversely
affected by medium-caliber projectiles.
Projectile firings are only proposed in the offshore area further than 37 km (20 nm) from the
shore. Short-tailed albatross can occur anywhere within the testing and training area beyond 37
km (20 nm) from shore. Considering that medium-caliber projectiles will be fired in bursts and
that all projectile firings are proposed within short-tailed albatross habitat, we determined that
there will be a total of 8,636 instances (43,180 projectiles) per year when short-tailed albatross
habitat will be exposed to stressors associated with firing medium-caliber, non-explosive
projectiles.
As stated earlier, the area of exposure to stressors associated from medium-caliber projectiles is
the extent to which the projectile shock wave overlaps with where short-tailed albatross are
likely to be present (the surface of the ocean to 20 m above). The size of the projectile
determines the size of its projectile shock wave when it is supersonic. The “medium-caliber”
category is defined by the projectiles being smaller than 57 mm, and the most common sizes of
medium-caliber projectiles are 20, 25, and 40 mm (Navy 2015a, p. 2-23). Without knowing the
whole range of sizes for medium-caliber projectiles we assumed a fourth size (56 mm) just
smaller than the upper limit of the medium-caliber category. We used those four sizes (20, 25,
40, and 56 mm) to model the impacts of medium-caliber projectiles. Without knowing the
proportions of different sized projectiles used for training, we assumed equal proportions of each
projectile size. Our model of medium-caliber projectile impacts is therefore comprised of 25
percent 20 mm projectiles, 25 percent 25 mm projectiles, 25 percent 40 mm projectiles, and 25
percent 56 mm projectiles. The areas of exposure for the different sizes of medium-caliber
projectiles are summarized below in Table 42.
Over the 20 years of the proposed action, a total of 13,833.8 km2 (4033.3 nm2) of short-tailed
albatross habitat will be exposed to stressors associated with medium-caliber non-explosive
projectiles. The total habitat area reported here represents the cumulative area for which
stressors will exceed Service thresholds (i.e., the sum of all individual areas of effect). Based on
the density of short-tailed albatross in the offshore area where projectiles will be fired, the area
of effect of each burst of fire, and the number of projectiles used, we expect that a total of 2.1
short-tailed albatross to be within that area and therefore exposed to stressors.
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Table 42. Areas of exposure for stressors associated with medium-caliber non-explosive
projectiles for short-tailed albatross.
Surface-to-Air
Surface-to-Surface
20 mm 25mm 40 mm 56 mm 20 mm
25mm
40 mm
56 mm
Length of
1,100
1,189
2,217
3,352
3,660
3,660
3,660
trajectory
3,660
(0.594) (0.642) (1.20)
(1.81)
(1.97)
(1.97)
(1.97)
in m and
(1.97)
(nm)1
Radius of
8,35
projectile
6.20
8,35
19.4
6.20
19.4
13.6
13.6
shock
(4.51 x
(4.51 x
(7.37 x (0.0105) (3.346 x
(7.37 x (0.0105)
10-3)
wave in
(3.346
10-3)
-3
-3
)
10
)
10
10-3)
m and
x 10-3)
(nm)
Area of
effect for 0.0136 0.0198
0.0605
0.130
0.0453
0.0610
0.0998
0.142
single
(5.79 x
(0.0176) (0.0379) (0.0132) (0.0176) (0.0291) (0.0414)
instance
(3.98 x 10-3)
in km2
10-3)
2
and (nm )
Instances
484
484
484
484
1,675
1,675
1,675
1,675
per year
Total
shorttailed
albatross
132
192
586
1260
1520
2,050
3,340
4,760
habitat
(38.5)
(56)
(171)
(367)
(443)
(596)
(975)
(1,390)
exposed
over 20
years in
km2 and
(nm2)
1

The length of the projectile’s trajectory is the maximum distance projectiles can travel for surface-to-air
projectiles or the distance between the ship and the target (4,000 yards) for surface-to-surface projectiles. For
surface-to-air projectiles, the length of trajectory also accounts for the projectiles traveling upward (based on the
minimum target altitude of 500 ft) so that at a point stressors associated with the projectile no longer impact the
surface of the water or altitudes where marbled murrelets are likely to be flying.

10.4.5.4.2.1.3

Exposure: Large-caliber Non-Explosive Projectiles

Since they travel faster than the speed of sound, large-caliber projectiles have the potential to
affect short-tailed albatross by physically striking the birds and by shock waves and elevated
SPLs associated with the supersonic projectile. Firing large-caliber projectiles also produces
muzzle blast noise which can affect short-tailed albatross. The area of exposure for large-caliber
projectiles is therefore determined by adding the area of the projectile shock wave extending
from projectile paths, and the area of the shock wave and injurious sound around the muzzle
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blast. As we did with the other categories of non-explosive projectiles, we assumed that largecaliber projectiles will be fired in bursts of five. We therefore divided the total number of nonexplosive large-caliber projectiles fired in the proposed action by five to determine the number of
instances when albatross could be adversely affected by large-caliber projectiles.
Projectile firings are only proposed in the offshore area further than 20 nm from the shore.
Short-tailed albatross can occur anywhere within the testing and training area beyond 20 nm
from shore. Assuming that large-caliber projectiles will be fired in bursts, and considering that
all projectile firings are proposed within short-tailed albatross habitat, we determined that there
will be a total of 560 instances per year when short-tailed albatross habitat will be exposed to
stressors associated with firing large-caliber, non-explosive projectiles.
We assumed that the most common large-caliber projectiles (5-inch diameter) (Navy 2015a, p. 224) would be used for all large-caliber projectile firings. The areas of exposure for large-caliber
projectiles are summarized below in Table 43.
Table 43. Areas of exposure for stressors associated with large-caliber non-explosive projectiles

Length of trajectory in m and (nm)1
Radius of projectile shock wave in m
and (nm)
Radius of muzzle blast in m and (nm)
Area of exposure for single instance in
km2 and (nm2)

Surface-to-Air

Surface-to-Surface

5,240
(2.83)

11,112
(6)

41.6
(0.0224)

41.6
(0.0224)

79.7
(0.043)

79.7
(0.043)

0.456
(0.132)

0.944
(0.275)

16

544

146
(42.5)

10,300
(2990)

Instances per year
Total short-tailed albatross habitat
exposed over 20 years in km2 and (nm2)
1

The length of the projectile’s trajectory is the distance between the ship and target (Navy 2015b, pp. 5-41, 5-70).
For surface-to-air projectiles, the length of trajectory also accounts for the projectiles traveling upward (based on
the minimum target altitude of 500 ft) so that at a point stressors associated with the projectile no longer impact
the surface of the water or altitudes where marbled murrelets are likely to be flying.

Over the 20 years of the proposed action, a total of 10,413.8 km2 (3,036.2 nm2) of short-tailed
albatross habitat will be exposed to stressors associated with large-caliber non-explosive
projectiles. The total habitat area reported here represents the cumulative area for which
stressors will exceed Service thresholds (i.e., the sum of all individual areas of effect). Based on
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the density of short-tailed albatross in the offshore area where projectiles will be fired, the area
of effect of each burst of fire, and the number of projectiles to be used, we expect that a total of
1.6 short-tailed albatross to be within that area and therefore exposed to stressors.
10.4.5.4.2.1.4

Response: Non-Explosive Projectiles

Small-caliber non-explosive projectiles can kill or injure short-tailed albatross by directly
striking birds. Super-sonic, medium-caliber non-explosive projectiles may strike birds and may
also cause auditory injury from the projectile shock waves. Super-sonic large-caliber nonexplosive projectiles can result in injury in the same ways as medium-caliber projectiles, and the
muzzle blast from large projectiles can also cause auditory injury.
The actual number of short-tailed albatross exposed, and ultimately, injured, is difficult to
estimate. Our quantitative analysis may both overestimate and underestimate the exposure and
number of birds as detailed below.
The expected number short-tailed albatross exposed to stressors associated with projectile firings
may overestimate the number of birds that will actually be injured. The number of groups of
albatross exposed to stressors is the result of applying the density of short-tailed albatross in the
offshore area to the area of exposure of each type of projectile firing. There are several reasons
why the areas in which birds would be injured could be smaller than the areas of exposure:
•

Projectiles and projectile shock waves may travel higher than typical short-tailed
albatross surface habitat (water surface to 20 m above the surface);

•

Projectiles may travel a shorter distance than estimated; and

•

Some medium- and large-caliber projectiles may be slower or not supersonic for part or
all of their flights.

The actual area of injury will also be smaller than the area of exposure due to the shape of the
sound pressure waves. Projectile shock waves are cone-shaped and trail behind supersonic
projectiles. Also, muzzle blast noise spreads away from guns spherically. For our exposure
analysis, we used the maximum extent of the area where sound will be above the 140 dBA peak
re: 20 μPa injury threshold for short-tailed albatross. Depending on the height of the projectile or
guns, a smaller area surface habitat may actually be exposed to injurious levels of sound.
Furthermore, the area of exposure for muzzle blasts encompasses non-habitat areas where birds
are very unlikely to occur, such as the decks of ships. While the actual area of injury may be
smaller than the analyzed area of exposure, we are unable to quantify how much these factors
would influence the expected number of birds exposed, and consequently, the number of birds
injured.
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Our quantitative analysis also illustrated that the actual number of birds exposed to stressors
could be larger than the expected numbers reported earlier as follows:
•

The expected number of short-tailed albatross exposed to small-caliber projectile
stressors is 0.79. There is a 55 percent probability that one or more short-tailed albatross
will be exposed, and there remains a 19 percent probability that more than one shorttailed albatross will be exposed to small-caliber projectile stressors.

•

The expected number of short-tailed albatross exposed to medium-caliber projectile
stressors is 2.1. There is a 36 percent probability that more than two albatross will be
exposed and a 17 percent probability that more than three albatross will be exposed to
medium-caliber non-explosive projectile stressors.

•

The expected number of short-tailed albatross exposed to large-caliber projectile stressors
is 1.6. There is a 46 percent probability that more than one short-tailed albatross will be
exposed and a 21 percent probability that more than two short-tailed albatross will be
exposed, and there remains a 30 percent probability that more than 8 short-tailed
albatross will be exposed to large-caliber non-explosive projectile stressors.

10.4.5.4.2.1.5

Conclusion

We expect that 4.5 short-tailed albatross associated with 29,567.0 km2 (8,620.4 nm2) of habitat
will be exposed to potentially injurious effects from non-explosive projectile firings over the 20
year life of the proposed action. The total habitat area reported here represents the cumulative
area for which stressors will exceed Service thresholds (i.e., the sum of all individual areas of
effect). We used an exposure model to estimate the number of short-tailed albatross that may be
affected by this stressor. Our model includes explicit assumptions regarding the extent of the
potential effects. Given the tremendous variability in the distribution and density of short-tailed
albatross in the marine environment, we are limited in our ability to accurately correlate the
expected exposure to the actual number of short-tailed albatross that may be injured by these
activities. While the actual number of albatross that may be affected by this stressor is unknown,
we are able to reliably quantify the area of habitat affected. We believe that the expected values
from our probability analysis represent a reasonable estimate of the number of albatross that may
be affected.
10.4.5.5

Other Non-Explosive Practice Munitions (Bombs and Missiles)

Non-explosive practice bombs and missiles could injure or kill seabirds directly or cause
auditory injury or barotrauma due to the shockwave and sound created when practice bombs or
missiles hit the water surface. Practice bombs and missiles can create a large impulse of sound
as the objects transfer their kinetic energy to the water (Navy 2015a, p. 3.0-35).
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10.4.5.5.1 Effects of Non-Explosive Practice Munitions on the Marbled Murrelet
10.4.5.5.1.1

Effects of Non-Explosive Practice Bombs and Missiles on the Marbled Murrelet
in the Offshore Area

Use of non-explosive practice bombs and missiles is expected only in the Offshore Area.
10.4.5.5.1.1.1

Exposure: Non-Explosive Practice Bombs

In order for marbled murrelets to be exposed to stressors associated with non-explosive practice
bombs, those bombs need to occur in marbled murrelet habitat, while marbled murrelets are
present. We estimated marbled murrelet exposure to non-explosive practice bombs based on the
number of bombs proposed for use and assuming an even distribution in time and space. We
then reduced that number of bombs proportional to those that will be used in the summer because
marbled murrelets will not be in the exposure area (which begins 20 nm from shore) during that
time. For the “reasonably certain” scenario, we also reduced the number of bombs proportional
to the number fired in the area greater than 50 nm from shore (because we are not reasonably
certain that murrelets occur greater than 50 nm offshore).
The marbled murrelet exposure analysis for stressors associated with non-explosive practice
bombs was divided at the water’s surface. Underwater, marbled murrelets could be affected by
the underwater sound from practice bombs hitting the surface of the water. We estimated the
peak underwater sound level using the equation given by McLennan (1997, p. 2), and assuming
that the practice bomb was falling at terminal velocity along its short axis. We then calculated
the radius to an injury threshold of a peak SPL of 237 dB re: 1 μPa, assuming spherical
spreading. These calculations resulted in a radius to effect of 32 m and an area of effect of 3,217
m2 (9.38 x 10-4 nm2). We calculated the probability of exposure under the assumptions of the
“reasonable worst-case” scenario, and determined that there is a less than ten percent probability
of marbled murrelet exposure to the underwater sound of a non-explosive practice bomb striking
the water. Therefore, we consider marbled murrelet exposure to this stressor to be discountable.
Above water, marbled murrelets could be physically struck by a practice bomb or affected by the
in-air sound from practice bombs hitting the surface of the water. We estimated the peak in-air
sound level by subtracting 62 dB from the peak underwater sound level to account for the
differences between underwater and in-air sound measurements and transmission (Finfer et al.
2008, pp. 464-466). We then calculated the radius to an injury threshold of 155 dB
(corresponding to the injury threshold of 140 dBA, as discussed above in the section on nonexplosive projectiles). These calculations resulted in a radius to effect of 310 m and an area of
effect of 0.302 km2 (0.088 nm2).
Based on the area of effect, number of non-explosive bombs used, and density of marbled
murrelets, we calculated the probability of exposure and the number of marbled murrelets
expected to be exposed. Under the assumptions of the “reasonable worst-case” scenario, there
was a 95 percent probability of exposure over 20 years. Therefore, marbled murrelet exposure to
this stressor is not discountable. Under the assumptions of the “reasonably certain” scenario, the
expected number of marbled murrelet groups exposed is 0.46, and the cumulative amount of
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habitat we expect to be exposed (i.e., the sum of all individual areas of effect) is 48.3 km2 (14.1
nm2). However, there was a 63 percent chance in the “reasonably certain” scenario that no
marbled murrelet groups would be exposed, so we are not reasonably certain that marbled
murrelets will be struck or exposed to injurious levels of in-air sound from non-explosive
practice bombs striking water.
10.4.5.5.1.1.2

Response: Non-Explosive Practice Bombs

Marbled murrelets struck by non-explosive practice bombs will be injured and killed. Murrelets
may also experience auditory injury or barotrauma if they are exposed to the in-air or underwater
sound created when practice bombs hit the surface of the water.
10.4.5.5.1.1.3

Conclusion: Non-Explosive Practice Bombs

Marbled murrelet exposure to injurious levels of underwater sound associated with nonexplosive practice bombs hitting the water is discountable. Marbled murrelet exposure to the inair sound and strike by non-explosive practice bombs is not discountable, but is also not
reasonably certain to occur.
10.4.5.5.1.1.4

Exposure: Non-Explosive Practice Missiles

Our analysis of the potential effects of underwater and in-air sound associated with nonexplosive practice missiles followed the same outline described above for our analysis for nonexplosive practice bombs. The radii to effect for underwater and in-air sounds were,
respectively, 9 m and 108 m, corresponding to areas of effect, respectively, of 254 m2 (7.42 x 105 nm2) and 36,644 m2 (0.0107 nm2).
10.4.5.5.1.1.5

Response: Non-Explosive Practice Missiles

Based on our analysis of a “reasonable worst-case” scenario, we found that over the 20 years of
the proposed action there was a less than ten percent probability that any marbled murrelets
would be exposed to strike and in-air sound from non-explosive practice missiles. Similarly, we
found that there was a less than ten percent chance that any marbled murrelets would be exposed
to injurious levels of underwater sound from non-explosive practice missiles.
10.4.5.5.1.1.6

Conclusion: Non-Explosive Practice Missiles

The strike, in-air noise, and underwater noise effects of non-explosive practice missiles are
discountable for the marbled murrelet.
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10.4.5.5.2 Effects of Non-Explosive Practice Munitions on the Short-tailed Albatross
10.4.5.5.2.1

Effects of Non-Explosive Practice Bombs and Missiles on the Short-tailed
Albatross in the Offshore Area

Use of non-Explosive practice bombs and missiles is expected only in the Offshore Area.
10.4.5.5.2.1.1

Exposure: Non-Explosive Practice Bombs

Our analysis of the potential effects to short-tailed albatross of underwater and in-air sound
associated with non-explosive practice bombs followed the same outline described above for the
effects of these stressors to marbled murrelets. Our analysis of a “reasonable worst-case”
scenario, showed that there is a less than ten percent chance that any short-tailed albatross will be
exposed to injurious levels of underwater sound caused by non-explosive practice bombs striking
the water. This means that short-tailed albatross exposure to this underwater stressor is
discountable. Our analysis of the “reasonable worst-case” scenario also showed a 41 percent
chance of short-tailed albatross exposure to injurious levels of in-air sound or direct strike by a
non-explosive practice bomb. Under the assumptions of the “reasonably certain” scenario, 0.12
short-tailed albatross are expected to be exposed over 20 years to the in-air stressors associated
with non-explosive practice bombs, and a total of 664 km2 (194 nm2) of short-tailed albatross
habitat (i.e., the sum of all individual areas of effect) is expected to be exposed. However, there
was an 89 percent chance in the “reasonably certain” scenario that no short-tailed albatross
individuals would be exposed, so we are not reasonably certain that short-tailed albatross will be
struck or exposed to injurious levels of in-air sound from non-explosive practice bombs striking
water.
10.4.5.5.2.1.2

Response: Non-Explosive Practice Bombs

Short-tailed albatross struck by non-explosive practice bombs could be injured and killed.
Albatross may also experience auditory injury or barotrauma if they are exposed to the in-air or
underwater sound created when practice bombs hit the surface of the water.
10.4.5.5.2.1.3

Conclusion: Non-Explosive Practice Bombs

Short-tailed albatross exposure to injurious levels of underwater sound associated with nonexplosive practice bombs hitting the water is discountable. Short-tailed albatross exposure to the
in-air sound and strike by non-explosive practice bombs is not discountable, but is not
reasonably certain to occur.
10.4.5.5.2.1.4

Exposure: Non-Explosive Practice Missiles

Our analysis of the potential effects of underwater and in-air sound associated with nonexplosive practice missiles followed the same outline described above for our analysis for nonexplosive practice bombs. The radii to effect for underwater and in-air sounds were,
respectively, 9 m and 108 m, corresponding to areas of effect, respectively, of 254 m2
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(7.42 x 10-5 nm2) and 36,644 m2 (0.0107 nm2). Based on our analysis of a “reasonable worstcase” scenario, we found that over the 20 years of the proposed action there was a less than 10
percent probability that any short-tailed albatross would be exposed to any stressors (strike, in-air
sound, and underwater sound) from non-explosive practice missiles.
10.4.5.5.2.1.5

Response: Non-Explosive Practice Missiles

Short-tailed albatross exposure to stressors associated with non-explosive practice missiles is
considered discountable; therefore, responses are not anticipated.
10.4.5.5.2.1.6

Conclusion: Non-Explosive Practice Missiles

We have determined that the effects of non-explosive practice missiles are discountable for
short-tailed albatross.
10.4.5.6

Vessel Noise

10.4.5.6.1 Bull Trout, Marbled Murrelet, Short-tailed Albatross
Navy vessels (ships, small craft, and submarines), as well as some unmanned underwater
vehicles, have combustion engines which produce low-frequency, broadband underwater sound.
The Navy’s NWTT FEIS states that Navy ships contribute approximately 1 percent of the
broadband noise generated by large military and non-military vessels in the project area (Navy
2015, p. 3.0-35). The Navy stated the noise from the largest Navy ship is similar to a large oil
tanker. McKenna et al. (2012, p. 96) studied underwater radiated noise from commercial vessels
and found the highest broadband source level originated from a 54,000 gross ton container ship
at 188 dB re 1 μPa@1m (rms assumed). We do not expect injurious effects from exposure to
this type of continuous, broadband sound because exposure durations that are long enough for
exposure to result in auditory damage will not occur. While the sound levels originating from
operation of Navy vessels may be detectable by short-tailed albatross, marbled murrelets, and/or
bull trout, these sounds are transient and of a relatively short duration such that measurable
effects are not anticipated. Therefore, effects of vessel noise on short-tailed albatross, marbled
murrelet, and bull trout are considered insignificant.
10.4.5.7

Aircraft Noise

10.4.5.7.1 Effects of Aircraft Noise on the Marbled Murrelet
The use of jet aircraft over the Olympic MOAs will introduce increased levels of sound into the
action area throughout the year, including flights during the marbled murrelet nesting season
(April 1 through September 23). The sound level of jet aircraft can be extremely loud at close
distances. Because jet aircraft fly at high rates of speed (≥ 250 km/hour), the onset of exposure
to loud noise from a jet overflight can be rapid. In some situations, jets can be flying so fast that
a person or animal on the ground will not hear them approaching until they passing directly
overhead. The rapid onset of the sound can be startling, and the combined auditory and visual
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stimuli of low altitude jet overflights have the potential to disturb or disrupt marbled murrelet
nesting behaviors if the flights coincide with the marbled murrelet nesting season, and occur at a
low altitude over areas of marbled murrelet nesting habitat.
10.4.5.7.1.1

Evaluation Criteria

We have previously completed analyses of the potential for noise and visual disturbance to
marbled murrelets (e.g., USFWS 2003, pp. 265-285; USFWS 2006, entire; USFWS 2013, pp.
101-110). Potential marbled murrelet responses to disturbance can range from minor behavioral
responses, such as scanning or head-turning, or increased vigilance for short periods, to more
severe responses such as flushing. Under certain scenarios, exposure to noise or visual
disturbance could result in a disruption of normal nesting behaviors. In these analyses, we have
identified specific behavioral responses as indicators of severity of disturbance. Behavioral
responses indicating a significant disruption of normal nesting behaviors include: (1) an adult
marbled murrelet flushing from a nest or perch within the vicinity of a nest site, including delay
or avoidance in nest establishment, and (2) an adult marbled murrelet aborting one or more
feedings of nestlings. These behavioral responses are considered significant because they create
a likelihood of injury to exposed individuals due to the potential for reduced hatching success,
fitness, or survival of nestlings. For example, escape or avoidance behaviors may increase
probability of detection by predators, expose chicks or eggs to inclement weather, or reduce
feeding of young.
For aircraft overflights, we used the following evaluation criteria to assess potential risk for
disturbance to nesting marbled murrelets:
•

Aircraft noise exceeding 92 dBA SEL at an active nest site, or aircraft approach within a
distance of 110 yards.

There is no direct research on marbled murrelets that indicates that exposure to very loud sounds
will cause a marbled murrelet to flush from a nest. The 92 dBA SEL threshold is derived from
research on other bird species. Mexican spotted owls exposed to helicopter noise did not flush
from their roosts until the noise from helicopters exceeded 92 dBA SEL, and the helicopters
were within a distance of 105 m (Delaney et al. 1999, pp. 66-68). Subsequent research with
Mexican spotted owls has found that distance to aircraft is a better predictor for potential
disturbance because there was no significant relationship between aircraft sound levels and
Mexican spotted owl behavioral responses (U.S. Air Force 2012, p. 3-99).
While exposure to a specific sound level may not be a strong predictor for behavioral responses
in Mexican spotted owls, there is evidence from other bird species that indicates that exposure to
high-amplitude sounds can be disruptive. Hillman and others (2015, p. 1196) observed that 1 of
8 least terns (Sternula antillarum; 12.5 percent) exposed to military jet aircraft noise that
exceeded a maximum 1-second equivalent average sound level of 90 dBA (MaxLEQ) flushed in
response to the aircraft overflights, but it is not clear if the birds were responding to sound levels
or visual stimuli of overhead aircraft. Most studies of avian responses to aircraft have been
limited to raptors and waterfowl. Even within these groups, responses have differed widely,
depending on reproductive state, activity, age, exposure frequency, and species. A literature
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review by Efroymson et al. (Efroymson et al. 2000, p. 56-62) reported response thresholds for
sound levels in the range of 89 to 105 dBA MaxLEQ for bird species, coupled with response
thresholds for slant distance (distance from aircraft to the bird) ranging from 315 ft (96 m) to
> 6,500 ft (2 km) (Efroymson et al. 2000, p. 52).
Given the range of responses observed in various bird species, we expect the combined auditory
and visual stimuli of low altitude jet flights pose a risk of disturbance to marbled murrelets. We
expect sounds from aircraft will either need to be of very high amplitude (more than 90 dBA
SEL) or have a highly visible approach for marbled murrelets to respond. For this analysis, we
are relying on our previously-defined sound threshold of 92 dBA SEL to evaluate whether
marbled murrelets are likely to be exposed to potential disturbance effects from aircraft
overflights in the Olympic MOAs.
10.4.5.7.1.1.1

Exposure

In this analysis, we use exposure of marbled murrelet nesting habitat as an indicator of the
potential for exposure of marbled murrelets. Audio-visual surveys for marbled murrelets
conducted on various ownerships within the MOAs have documented both marbled murrelet
presence detections and occupancy behaviors at many locations within the MOAs, indicating
nesting habitat throughout the MOAs may be occupied by marbled murrelets.
Aircraft operating in the Olympic MOAs will exceed the defined noise disturbance threshold of
92 dBA SEL re: 20 μPa during some of the training exercises. Whether or not the noise from the
aircraft will exceed the disturbance threshold in habitat depends on two factors: the aircraft’s
power setting and the distance the aircraft is from habitat. The Navy provided SEL information
for the EA-18G, which is the aircraft used for over 98 percent of the proposed training flights
that will occur in the Olympic MOAs. Other aircraft (including the P-3C/EP-3 and P-8A) will be
used in training events. Intelligence, surveillance and reconnaissance missions, which will be
performed by P-3C/EP-3 aircraft, will only occur at high altitudes (higher than 10,000 ft above
MSL) over the Olympic MOAs. Since those aircraft (which are similar to the Lockheed L-188
Electra) are significantly quieter than the jets used for training (Federal Aviation Administration
2002, p. 9T) and they will be flown at high altitudes, we consider noise from P-3C/EP-3 aircraft
at high altitude likely to have an insignificant on marbled murrelets.
The data provided by the Navy gives modeled sound levels at a range of altitudes above ground
level (AGL) that will result from operating the EA-18G at three different power settings (78, 85,
and 93 percent power) (Navy 2015a, p. 3.6-60). Unfortunately, none of the power settings in the
proposed action (80, 82, and 89 percent power) were included in the modeled SEL data. To
estimate the SELs for the power settings in the proposed action, we plotted lines of the modeled
SELs and power settings by altitude and then determined the SELs and associated altitudes for
the proposed power settings from where the proposed power settings intersected the plotted lines
(Figure 17).
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Figure 17. Estimation of SELs for proposed power settings using the SELs of modeled power
settings.

We then estimated the distances at which SPLs from aircraft operating at the proposed power
settings would exceed the 92 dBA SEL re: 20 μPa disturbance threshold. To estimate the
distances to the threshold for each proposed power setting, we plotted the estimated SPLs for
each proposed power setting relative to altitude AGL then estimated the altitude at which those
lines intersected the 92 dBA SEL re: 20 μPa disturbance threshold (Figure 18). In determining
the distances to the threshold for the proposed power settings, we conservatively rounded up to
the nearest thousand feet. We found that marbled murrelet nesting habitat would be exposed to
noise exceeding the 92 dBA SEL re: 20 μPa disturbance threshold within:
1. 6,000 ft of jets flying under 89 percent power,
2. 3,000 ft of jets flying under 82 percent power, and
3. 2,000 ft of jets flying under 80 percent power 3.
3

The noise from a jet operating under 80 percent power is expected to be 91 dBA SEL 2,000 ft from the jet, but
rounding up to the nearest thousand feet resulted in the same distance for disturbance threshold.
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Figure 18. Estimation of distance to disturbance threshold using estimated SPLs for proposed
power settings.
We refer to these distances as “Distance To Disturbance Thresholds,” abbreviated DT2, for the
remainder of this section. The Navy proposes that EA-18G jets will also operate at a 75 percent
power setting, but we did not calculate SELs or DT2 for jets under that power setting. Estimating
SELs for a power setting that was not between provided data points would require extrapolation
and introduce an unacceptable amount of error. Instead of estimating the noise associated with a
75 percent power setting, we used the provided modeled data for EA-18G jets under 78 percent
power. The SEL provided by the Navy along with our estimated sound levels is shown in Table
44.
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Table 44. Navy-provided and Service-estimated sound exposure levels (SELs) in dBA at
different altitudes for the EA-18G operating at various power settings.
Power Setting
Flight Altitude
(ft AGL)
78
80
82
85
89
93
400
1,250
2,000
3,000
4,000
5,000
6,000
8,000
10,000
12,500
16,000
20,000
25,000

101
92
87

105
96
91

114
105
100

118
108
104

120
110
106

84
81

109
100
95
92
88
85

80
77

92
89

99
96

75
72
68
64
60
55

79
75
71
67
63
58

83
79
75
71
67
62

96
93
92
87
84
80
76
72
67

71
68
64
60
56
52

90
87
83
80
76
71

Note: Estimated data are shaded in green, data provided by the Navy (Navy 2015a, p. 3.6-60) are unshaded.

On the Olympic Peninsula, marbled murrelet nesting habitat generally ranges between 0 and
4,000 ft above MSL in elevation (Davis et al. 2011; Raphael et al. 2015). As long as the ground
elevation is below 4,000 ft, aircraft overflights that approach within the DT2 of the ground could
expose nesting habitat to noise levels that are disruptive to marbled murrelets. The following
discussion is supplemented by Table 45. The Navy includes four types of training missions for
EA-18G jets over the Olympic Peninsula in the proposed action:
1. Entering and exiting the Olympic MOAs,
2. Suppressing enemy air defenses,
3. Electronic warfare close air support, and
4. Advanced air combat tactics.
When entering into and exiting from the Olympic MOAs, jets will operate at 75 percent power
for which the DT2 is 1,250 ft. During this training component, jets will fly only between 14,000
and 16,000 ft above MSL. There is marbled murrelet habitat within the DT2 of the altitudes
proposed for this training component.
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When conducting this training, jets will operate at an 80 percent power setting resulting in a DT2
of 2,000 ft. The lowest altitude that jets will fly at for these training missions is 6,000 ft above
MSL. When jets fly at that lowest altitude over the highest-elevation marbled murrelet nesting
habitat there will be 2,000 ft between the jet and habitat. Since jets will not fly closer than the
DT2 to habitat, we do not expect marbled murrelet behavior to be disturbed by these training
missions.
For these training missions, jets will operate at an 82 percent power setting which has a DT2 of
3,000 ft. During two percent of time spent performing these missions, jets will fly between
6,000 and 8,000 ft above MSL. Consequently, potential marbled murrelet nesting habitat at
elevations between 3,000 and 4,000 ft above MSL will be within the DT2 of these flights. The
Navy proposes 245 flights annually for this training and each flight will last an average of 90
minutes resulting in a total of 367.5 hours of flight time. Two percent of the total flights times
for this training component are 7.4 hours. Therefore, electronic warfare close air support
training is likely to expose marbled murrelet nesting habitat to high-level aircraft noise 7.4 hours
each year.
When training in advanced air combat tactics, jets will operate at 89 percent power which has a
DT2 of 6,000 ft. At that power setting, jets flying below 10,000 ft will be within the DT2 of
habitat, and jets flying at the minimum altitude of 6,000 ft above MSL will potentially expose
marbled murrelet nesting habitat at elevations ranging from 0 to 4,000 ft in elevation. Of the 741
hours of advanced air combat tactics training, 6.5 percent, or 48.2 hours, will consist of jets
flying low enough to expose habitat to noise above the disturbance threshold.
In total, aircraft training flights in the Olympic MOAs will expose marbled murrelet nesting
habitat to noise exceeding the 92 dBA SEL disturbance threshold 55.5 hours each year. Table 45
summarizes the data that was used to develop these estimates.
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Table 45. Proposed annual training missions for EA-18G jets over the Olympic Military Operations Areas
Name/Identifier

Entry / Exit

Suppress
Enemy Air
Defenses (EW)

Electronic Warfare Close Air Support (EW)

Advanced Air Combat Tactics (ACM)

# Aircraft Flights / Year

1558

572

245

741

10

90

90

60

259.7

858.0

367.5

741

75

80

82

89

250

265

298

342

1,250 ft

2,000 ft

3,000 ft

6,000 ft

Percent of
total time
spent at
altitudes

Percent of
total time
spent at
altitudes

Avg time in
Airspace/Aircraft (min)
Total Time of Flights /
Year (hrs)
Avg Power Setting (%
NC)
Avg Speed (Knots
indicated)
Distance To Disturbance
Threshold (DT2)

6,000 - 8,000

2.0%

Percent
of total
time
spent at
altitudes
2.0%

8,000 - 10,000

2.5%

2.5%

3.3%

10,000 - 12,000

2.5%

2.5%

3.3%

12,000 - 14,000

6.0%

6.0%

13.8%

6.0%

6.0%

13.8%

16,000 - 18,000

6.0%

6.0%

13.8%

18,000 - 20,000

6.0%

6.0%

13.8%

20,000 - 23,000

32.0%

32.0%

17.5%

23,000 - 30,000

32.0%

32.0%

17.5%

30,000 - 40,000

5.0%

5.0%

100.0%

100.0%

Altitude MSL (ft)

14,000 - 16,000

Total % Time

100.0%

100.0%

Total
time
spent at
altitudes

Habitat elevation within DT2
(ft. msl)

7.4

3,000 - 4,000

Percent
of total
time
spent at
altitudes
3.2%

Total
time
spent at
altitudes

Habitat elevation
within DT2
(ft. msl)

23.7

0 - 4,000

24.5

2,000 - 4,000

100.0%

Total Time exceeding
7.4
48.2
noise threshold (hrs)
Note: Number, duration, power setting, and altitudes of flights are from Table 3-7 in Appendix J of the Northwest Training and Testing Activities Final Environmental Impact
Statement/Overseas Environmental Impact Statement (U.S. Department of the Navy 2015c, Appendix J, p. 14).
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Marbled murrelets will not be exposed to high amplitude aircraft sounds by every aircraft flight,
but only those where the aircraft are sufficiently close to habitat. Without knowing the location
and flight pattern of each training flight, we assumed that the training flights will be evenly
distributed throughout the Olympic MOAs. We also assumed that the proportion of the time that
aircraft will disturb habitat is equal to the proportion of the training area that is habitat. Table 45
shows bands of elevation that will be within the DT2 under different mission parameters (labeled
“Habitat elevation within DT2”). Marbled murrelet nesting habitat is not evenly distributed
throughout the training area; in fact, habitat makes up a disproportionate amount of land at
higher elevations. Using models of potential marbled murrelet nesting habitat developed for the
Northwest Forest Plan, we determined the proportion of those elevation bands that are nesting
habitat (Table 46). To determine the total annual amount of disturbance to nesting habitat, we
multiplied the total time jets spent at altitudes where habitat was within DT2 by the proportion of
the elevation within DT2 that is habitat for marbled murrelets.
Table 46. Habitat proportions of elevation bands exposed to disturbance-level aircraft noise.
Marbled murrelet nesting habitat
within the Olympic MOAs
Elevation bands Total area within Olympic MOAs
exposed to
Acres of
Percent of total
disturbancemurrelet
area within
level aircraft
Total acres in
Percent land
habitat in
MOAs in
noise
MOAs
area in MOAs
MOAs
murrelet habitat
0 – 4,000 ft

1,367,600

100 %

370,995

27 %

2,000 – 4,000 ft

134,645

9.8 %

57,549

42.7 %

3,000 – 4,000 ft

28,688

2.1 %

3,163

11 %

Notes: Total area within the Olympic MOAs includes both land area and marine waters. Marbled murrelet habitat
estimates represent approximate conditions in 2012, as depicted by map data developed for the Northwest Forest
Plan monitoring program, moderate (class 3) and highest (class 4) suitability (Raphael et al. 2015, p. 121).

Exposure to high amplitude aircraft noise is likely to be the most disruptive to marbled murrelets
during their nesting seasons. We therefore adjusted the amount of time that aircraft would
generate noise above the disturbance threshold in habitat by the proportion of the year that
represents the nesting season during which noise disturbance could have a significant impact on
marbled murrelets. We then assumed that training flights will be distributed uniformly
throughout the year. The nesting period for marbled murrelets in Washington is defined as April
1 through September 23 (48 percent of the year) (USFWS 2013, p. 12).
We adjusted the potential exposure to aircraft noise to account for the distribution of habitat and
the temporal proportion of the nesting season. This resulted in an estimated cumulative total of
8.5 hours of exposure during the marbled murrelet nesting season each year. The marbled
murrelet nesting season extends over a period of 25 weeks. If we divide 8.5 hours by 25, we get
an average of 20 minutes per week. If we divide 20 minutes by 5 days (training flights will not
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occur on weekends or holidays), the average is 4 minutes per weekday that marbled murrelet
nesting habitat may be exposed to aircraft noise that exceeds the sound threshold of 92 dBA
SEL.
We calculated the extent of land area that could be exposed to aircraft noise exceeding the
disturbance threshold based on the DT2, altitude, speed, and duration of training flights.
Depending on the altitude of the flights, training flights operating at the 82 percent power setting
will expose between 0 and 186,300 acres (0 – 754 km2) of the MOAs to aircraft noise that
exceeds the 92 dBA SEL sound threshold each hour. Training flights operating at the 89 percent
power setting will expose between 0 and 542,149 acres (0 – 2,194 km2) of the MOAs to aircraft
noise that exceeds the 92 dBA SEL threshold each hour (depending on the altitude of the flights).
Figure 19 shows an example calculation of the total area exposed to disturbance-level noise per
hour.
Considering the cumulative flight time over the marbled murrelet nesting season, Navy training
flights have the potential to expose an area much larger than the total extent of habitat in the
training area. Since the area exposed to aircraft noise is greater than the amount of habitat within
the MOAs, we conclude that all marbled murrelets nesting within Olympic MOAs may be
exposed to disturbance-level noise multiple times each year. Based on our analysis, training
flights could expose every marbled murrelet as many as 12 times every year during nesting
season. We therefore expect that all marbled murrelets throughout the habitat in the training area
to potentially be exposed to aircraft noise exceeding the defined sound threshold of 92 dBA SEL.
As presented above (Table 46), the total area of marbled murrelet nesting habitat in the Olympic
MOAs is approximately 370,000 acres. The Olympic MOA is located in marbled murrelet
Conservation Zone 2 (Zone 2), which encompasses the western Olympic Peninsula and western
Washington south to the Columbia River. Total potential marbled murrelet nesting habitat in
Zone 2 is estimated at 603,777 acres (Raphael et al. 2015, p. 121), indicating over half (61
percent) of the potential nesting habitat available for marbled murrelets in Zone 2 is located
within the Olympic MOA. The total number of marbled murrelets exposed to noise disturbance
in any given year is unknown, because nesting marbled murrelets are not evenly distributed
throughout nesting habitat, and the number of breeding adults that attempt to nest varies from
year to year (McShane et al. 2004, p. 3-5).
In summary, the proposed action includes an average of 8.5 hours of aircraft training operations
per day, up to 260 days per year. The aircraft proposed for use by the Navy have an estimated 92
dBA sound-contour that extends from 2,000 to 6,000 ft from the aircraft depending on power
levels. The closest approach of aircraft to nesting habitat would be 2,000 ft above ground level,
at the upper elevation limits of marbled murrelet nesting habitat. Most (over 99 percent) of the
estimated annual flight time will occur over the Pacific Ocean, or at high altitudes that will not
expose marbled murrelet nesting habitat to high-amplitude aircraft noise. For each 8.5 hours of
daily aircraft flight time, there will be an average of 4 minutes (less than one percent) of flight
time per day that is likely to expose marbled murrelet nesting habitat to aircraft noise that
exceeds 92 dBA SEL. Because the aircraft travel at high speed, each minute of low-altitude
flight can expose thousands of acres to aircraft noise, but the duration of the exposure over any

215

single location lasts for only a few seconds. Based on this, we conclude that all marbled
murrelets nesting within the Olympic MOAs are likely to be exposed to aircraft noise events that
exceed 92 dBA SEL for short durations only.

Total area =
2

1,810,683 * 4,472 + π(2,2362)

3,000 ft. DT

6,000 ft. msl

= 8,113,326,565 ft2

2,000 ft. AGL

= 186,256 acres
4,000 ft. msl

4,472 ft.

(298 Knots = 1,810,683 ft./hr)
1,810,683 ft.
4,472 ft.

2,236 ft.
Figure is not to scale

Figure 19. Diagram of total area exposed to sound each hour for a jet operating at the 82 percent
power setting traveling at 298 knots at an altitude of 6,000 ft MSL over land with an elevation of
4,000 ft MSL.

10.4.5.7.1.1.2

Response

There are no experimental studies that have evaluated marbled murrelet responses to aircraft
overflights. However, there are a handful of incidental observations that have been described.
Long and Ralph (1998, p. 19) noted that marbled murrelets did not have an observable response
to either airplanes or helicopters flying overhead, except perhaps when they passed at low
altitude. One chick did not respond to an airplane passing twice within 0.25 mile at a height of
about 1,000 ft, but another chick lay flat on the branch “when an aircraft passed at low altitudes”
(“low altitudes” was not defined) (Long and Ralph 1998, p. 19). During a study of radio-tagged
marbled murrelets in British Columbia, helicopters were used to locate the incubating adults by
circling and hovering over nest sites. The hovering and circling came within distances of 100 to
300 m of the nest and lasted approximately three minutes. None of the radio-tagged adults
incubating any of the nests (n = 125) flushed (R. Bradley, Univ. BC, 2002, pers. comm. in
(USFWS 2003, p. 278)).

216

Observations of marbled murrelet responses to other sources of noise disturbance at nest sites
have primarily been modifications of posture and on-nest behaviors indicating alerting, without
flushing or abandoning the nest (Hebert and Golightly 2006, pp. 35-39; Long and Ralph 1998, p.
22). Hebert and Golightly (2006) monitored nesting marbled murrelets exposed to experimental
bouts of chainsaw noise and the presence of people hiking on trails in Redwood National and
State Parks in northern California. Adult and chick responses to chainsaw noise, vehicle traffic,
and people walking on forest trails resulted in no flush responses. However, adults exposed to
chainsaw noise spent more time with their head raised, and their bill raised up in a posture of
alert, vigilant behavior. When undisturbed, adult marbled murrelets spent 95 percent of the time
resting or motionless (Hebert and Golightly 2006, pp. 35-39).
Marbled murrelet chicks exposed to chainsaw noise also spent more time with their head raised,
and their bill up during the disturbance trials, although compared to pre- and post-disturbance
trials, the relationship was not statistically significant (Hebert and Golightly 2006, p. 36). The
relevance of the behavioral responses seen in adults tending nests is unknown, but the behavior is
similar to an adult marbled murrelet reaction to the presence of a nest predator (Hebert and
Golightly 2006, p. 35). The authors suggest that marbled murrelets responding to a noise by
moving or shifting position would increase the chance that it will be detected by a predator.
Additionally, the energetic cost of increased vigilance to protracted disturbance could have
negative consequences for nesting success (Hebert and Golightly 2006, p. 37).
Adult marbled murrelets typically feed their chicks in the early morning and in the evening.
Exposure to loud noise while an adult approaches a nest to provision a chick may cause
sufficient disturbance to result in abortion or delay of the feeding. Hamer and Nelson (1998, p.
9) noted that adult marbled murrelets would abort feeding attempts or flush off the nest branch
during attempted food deliveries when people on the ground were visible to the birds and within
a distance of 15 to 40 m, or occasionally when vehicles passed directly under a nest tree.
Marbled murrelet chicks appear to be much more difficult to disturb than adults, and there are no
documented instances of a nestling marbled murrelet falling due to sound or visual disturbance,
including disturbances due to researchers climbing nest trees, handling young, and placing
cameras close to young (USFWS 2003, p. 269).
Marbled murrelets have evolved several mechanisms to avoid predation; they have cryptic
coloration, are silent around the nest, minimize movement at the nest, and limit incubation
exchanges and chick feeding to occur during twilight hours (Nelson 1997, p. 14). Hebert and
Golightly (2006) suggest that flushing as a result of a noise disturbance might not provide a
benefit compared to the potential risk of exposure to predators. When confronted with the
presence of potential predators, marbled murrelets remain on the nest in alert or defensive
postures (Hebert and Golightly 2006) and are reluctant to flush unless confronted directly by a
large predator such as a raven (Singer et al. 1991).
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Based on the best available information concerning marbled murrelet responses to disturbance
associated with noise, activity, and human presence, we conclude the following:
•

Adult marbled murrelets are most likely to exhibit a flush response while attempting to
deliver food to the chick at dawn or dusk. Therefore, disturbance activities that occur in
close proximity to occupied nests during dawn or dusk periods can cause adult marbled
murrelets to flush and abort a feeding attempt.

•

Adult marbled murrelets that are incubating an egg are not likely to flush from noise
disturbance alone. The only observations of flushes during incubation involved a direct
approach to the nest by a researcher or a predator such as a raven.

•

The normal behavior of incubating adults is to rest and remain motionless during the day.
Noise disturbance can disrupt this normal behavior by causing the adults to remain
vigilant and alert during a time when they are normally resting.

•

Marbled murrelet chicks appear to be mostly unaffected by visual or noise disturbance.
The greatest risk to marbled murrelet chicks from disturbance is the potential for missed
feedings, which occur primarily during dawn and dusk periods, but do occasionally occur
during mid-day hours.

Exposure to loud aircraft noise while an adult approaches a nest to feed a chick may cause
sufficient disturbance to result in abortion or delay of the feeding. Aircraft noise disturbance has
the potential to create an increased likelihood of injury to marbled murrelets in three ways: (1)
increasing the risk of predation to adults, eggs, or nestlings; (2) increased energetic expenditure
in adults who delay nest establishment activities or have to increase the number foraging trips or
time inflight; or, (3) by reducing food and water intake of nestlings. We address each of these
below.
Losses of eggs and chicks to avian predators have been determined to be an important cause of
nest failure in marbled murrelets (McShane et al. 2004, p. 4-109). Marbled murrelets appear to
be most sensitive to noise or visual disturbances when they are approaching a nest site for an
incubation exchange or delivering fish to a nestling. There are several documented instances
where ground-based activities caused adult marbled murrelets to abort or delay feedings of
nestlings, caused adults to divert their flight paths into nesting habitat or caused marbled
murrelets to vacate suitable habitat (Hamer and Nelson 1998, pp. 8-17). Disturbances that cause
a marbled murrelet to flush can advertise the nest’s location, thereby creating a likelihood of
predation of the eggs or nestlings (USFWS 2006, p. 27). When an adult is flushed, it can alert a
predator to its location and the location of its egg or chick, thereby facilitating predation. While
this has never been observed directly in marbled murrelets, it is a potential outcome of exposure
to anthropogenic noise and/or visual disturbance.
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Noise and visual disturbance that causes an adult marbled murrelet to abandon or delay nest
establishment or abort a prey delivery to a nestling creates a likelihood of injury for the adult
through an increased energy cost, and by exposing the adult to an increased risk of predation.
Hull et al. (2001, p. 1036) report that marbled murrelets spend 0.3 to 3.5 hours per day (mean 1.2
± 0.7 hours per day) commuting to nests during the breeding season. The distance traveled
between the nest site and foraging areas ranged from 12 to 102 km, and is a substantial energy
demand for the adults. Each flight to the nest is energetically costly, increases the risk of
predation from avian predators, and detracts from time spent in other activities such as foraging
(Hull et al. 2001, p. 1036). Increases in prey capture and delivery efforts by the adults results in
reduced adult body condition by the end of the breeding season, and increases the predation risks
to adults and chicks as more trips inland are required (Kuletz 2005, pp. 43-45).
Missed feedings can reduce the fitness of nestlings. Nestlings have minimum daily energetic
demands to sustain life and development, and mortality from starvation occurs when nestlings do
not receive sufficient food (Kitaysky 1999, p. 471). During chick rearing, adult marbled
murrelets feed the young 1 to 8 times per day (mean = 3.2 ±1.3 SD) (Nelson and Hamer 1995, p.
61). If we assume an average of 4 feedings per day, a single aborted feeding would constitute a
loss of 25 percent of that day’s food and water intake for the nestling. Such a loss is considered
to be a significant disruption of normal behavior given that, “Marbled murrelet chicks grow
rapidly compared to most alcids, gaining 5 to 15 g/day during the first 9 days after hatching”
(Nelson and Hamer 1995, p. 60). With such a fast growth rate and a low average number of
daily feedings, it is reasonable to assume that missed feedings may disrupt normal growth and
create the likelihood of injury by presenting a developmental risk to the chick. Young marbled
murrelets that receive multiple daily feedings grow faster and fledge earlier than those with
lower provisioning rates. Early fledging helps minimize nest mortality (Nelson and Hamer 1995,
p. 66). Missed feedings that may occur due to anthropogenic noise or visual disturbance are
considered significant, because each missed feeding represents a delay in the development of the
chick, prolonging the time to fledging and increasing the risk of predation, accidental death from
falling off the nest, or abandonment by the adults.
Marbled murrelets that do not visibly react or only exhibit minor behavioral responses to sound
or visual disturbance may produce increased levels of stress-related hormones including GCs and
corticosterone in response to the disturbance. Research with spotted owls has indicated that
spotted owls nesting in close proximity to roads can have elevated levels of GCs (Hayward et al.
2011; Wasser et al. 1997). Although increased GCs can indicate stress, the interpretation of
these studies is complicated by the fact there are no consistent relationships between elevated
GCs and survival or reproductive success (Busch and Hayward 2009, p. 2844). Information
linking elevated corticosterone levels to specific stressors (e.g., noise) and specific effects to
breeding, feeding, or sheltering in birds is limited to and confounded by inconsistent correlations.
At this time we are unable to determine the significance of elevated GCs to marbled murrelets,
and continue to rely on behavioral responses as indicators of the severity of potential disturbance
effects.
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In most cases, we expect exposure to loud aircraft noise will result in either no response from
adults or chicks, or minor behavioral responses such as head-turning, increased vigilance, or
brief startle responses resulting in flattening on a branch. The effect of increased vigilance and
alerting may increase energetic demands to adults, but this is likely to be most significant for
individuals that are exposed to prolonged disturbances over a period of days. Aircraft overflights
represent brief disturbance events that are most likely to result in increased vigilance for a short
period (minutes).
As described above, all marbled murrelets nesting within the Olympic MOAs have the potential
to be exposed to aircraft noise disturbance from multiple jet overflights during the nesting
season. Potential exposure of nesting habitat to high-level aircraft noise does not automatically
lead us to conclude that all marbled murrelets using the habitat exposed to aircraft noise will be
negatively-affected. In order for a disturbance event to be disruptive to marbled murrelets, the
aircraft overflight must approach within the disturbance threshold distance of an active nest site,
and the aircraft overflight must coincide with an event (such as a prey delivery to a chick) where
the marbled murrelet is most likely to experience a biologically-significant response (e.g.,
flushing, aborted feedings of chicks).
In the preceding analysis, we determined that all available nesting habitat, and therefore,
potentially all marbled murrelets nesting within the Olympic MOAs are likely to be exposed to
brief bouts of aircraft noise disturbance, multiple times each year. We think this over-estimates
the number of marbled murrelets likely to be disturbed because training flights are not evenly
distributed across the MOAs, some high-use areas within the MOAs are likely to be exposed
multiple times, and still other areas within the MOAs may never be exposed to noise that
exceeds the disturbance threshold criteria because natural topographic features that block aircraft
sound. Likewise, not all marbled murrelets exposed to aircraft noise exceeding the potential
disturbance thresholds are likely to respond in a biologically-significant way. For example, the
likelihood of an overflight event (at any one location) co-occurring with the moment that a
marbled murrelet is delivering prey to a chick is very low, but is not entirely discountable due the
fact that even one minute of a low-altitude flight can expose thousands of acres to high amplitude
noise.
Marbled murrelets may exhibit a range of responses to aircraft overflights. Hillman et al. (2015,
p. 1196) observed that only 1 of 8 least terns (12.5 percent), flushed during incubation when
exposed to military jet aircraft noise that exceeded a maximum 1-second equivalent average
sound level of 90 dBA (MaxLEQ). Contrary to their expectations, the authors noted “even if the
loudest overflights affected incubation behavior, the effect size was minimal and the effect was
not likely to influence demographic rates, particularly as the effect was not towards reduced time
incubating during an overflight, but towards more time incubating after an overflight” (Hillman
et al. 2015, p. 1196).
Similarly, Derose-Wilson et al. (2015, p. 1256) evaluated the effects of military aircraft
overflights to incubating Wilson’s plovers (Charadrius wilsonia). This study evaluated vigilance
behavior, incubation rate, and heart rates before, during, and after overflights (Derose-Wilson et
al. 2015, p. 1249). Wilson’s plovers were alert and scanned more during overflights, but heart
rates and incubation rates did not change in response to overflights (Derose-Wilson et al. 2015,
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p. 1250). The authors noted that because Wilson’s plovers rely primarily on secrecy and cryptic
coloration to protect their nests from predators, they may not incubate less because of
overflights, even if they perceive them as threatening (Derose-Wilson et al. 2015, p. 1252). The
authors concluded that although the transient increase in vigilance observed during these flights
was not likely to directly influence fitness, it did indicate that incubating Wilson’s plovers
perceive and react to overflights under some conditions (Derose-Wilson et al. 2015, p. 1252).
Rojek and others (2007, p. 61) noted that from 4 to 31 percent of low-elevation aircraft flyovers
caused some common murres (Uria aalge) to flush during nesting. Aircraft flights in this study
were both non-military fixed-wing and helicopters, and low-elevation flights were defined as an
altitude of less than 1,000 ft (305 m). Flush rates varied widely by colony, with individuals in
some colonies flushing more frequently than in others. No sound information was reported for
the aircraft overflights. Brown (1990, p. 591) subjected crested terns (Sterna bergii) to highamplitude simulated aircraft noise and noted that about 8 percent of terns flushed in response to
the noise.
We cite these examples to illustrate that the responses to aircraft noise can vary widely between
different species, and response can also vary between individuals within a species exposed to the
same stressor. The studies cited above are from bird species that nest in open habitats with little
or no vegetation to absorb sound energy or provide a visual screen between the birds and distant
aircraft. Because marbled murrelets nest in a forested environment, they may be shielded to
some degree by forest cover over their nests. The most comparable studies of aircraft
disturbance to forest-nesting birds are for Mexican spotted owls. Mexican spotted owls typically
respond to aircraft overflights by orienting or alerting towards the aircraft. More severe
responses such as movements or flushing are rare, and only occurred when aircraft approached at
close range (Delaney et al. 1999, p. 68; U.S. Air Force 2012, p.3-99).
The weight of evidence indicates that marbled murrelet responses to the type and duration of
aircraft overflights proposed by the Navy are likely to be brief periods (minutes) of increased
vigilance and alerting behaviors. This is due to the fact that over 99 percent of training flights
will be spent at high altitudes where marbled murrelet habitat will not be exposed to highamplitude aircraft noise. Risk of direct visual disturbance to nesting marbled murrelets from
aircraft overflights is low, because marbled murrelets nest within the live crowns of trees which
provide canopy cover. Also, the closest approach of aircraft to marbled murrelet nesting habitat
will be at 2,000 ft or greater above ground level.
All incidental observations of flush responses in marbled murrelets have been associated with
ground-based disturbances that occurred within direct visual range of the birds. The species
relies on cryptic behavior to avoid detection of predators, so a flush response is likely to be a rare
event. We do not expect marbled murrelets to flush in response to aircraft noise unless the
disturbance event coincides directly with a prey delivery to a chick. While this is a potential
outcome of aircraft noise disturbance, we are not reasonably certain that this will occur, due to
the limited duration of training flights at lower altitudes. For each 8.5 hours of daily flight time,
we estimated that there would be an average of approximately 4 minutes (less than one percent)
of flight time per day that is likely to expose marbled murrelet nesting habitat to aircraft noise
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that exceeds 92 dBA SEL. At any one location, exposure to high-amplitude aircraft noise is a
brief event lasting only a few seconds, so the risk of an overflight coinciding directly with a
marbled murrelet prey delivery is low.
10.4.5.7.1.1.3

Conclusion

When evaluating effects to listed species, the Service considers whether the effects of a proposed
action are beneficial, insignificant, or wholly discountable (USFWS and NMFS 1998, p. 3-12).
Discountable effects are defined as effects that are extremely unlikely to occur, while
insignificant effects are defined as effects that a reasonable person would not be able to
meaningfully measure, detect, or evaluate. Nesting marbled murrelets within the Olympic
MOAs are likely to be exposed to aircraft noise that exceeds the defined sound disturbance
threshold of 92 dBA SEL. In most cases, exposure to aircraft noise is expected to result in only
minor behavioral responses, such as head turning, a sudden movement such as flattening, or
short periods of increased vigilance which we consider to be insignificant effects. Aircraft noise
does a pose a potential risk of more severe disturbance effects (e.g., flushing from a nest), but
due to the limited duration of training flights at lower altitudes, these potential effects are
speculative, and are not reasonably certain to occur. Because the potential effects of aircraft
noise are not insignificant or entirely discountable, we conclude exposure to aircraft noise may
adversely affect marbled murrelets, but we do not anticipate these effects will result in a
significant disruption of nesting behaviors or result in direct injury to marbled murrelets.
10.4.6

Ingestion of Debris

The proposed activities will introduce debris into the ocean that could exacerbate threats to
seabirds through direct ingestion of plastics/debris, indirect ingestion via prey, or
bioaccumulation of toxins through the food chain. The materials and devices used by the Navy
will either sink or float. Limited information was available to discern quantities that would sink
or float, nor the rate with which they do so. Some of these materials may stay at the surface or
within the diving depths that marbled murrelets and/or short-tailed albatross forage for an
unknown amount of time.
We believe that munitions, fragmented bombs and torpedoes, guidance wires/fiber optic cables
used for missiles and torpedoes, and sonobuoys and their components will not float on the
surface or in the water column long enough to be a significant ingestion threat to marbled
murrelets or short-tailed albatross. Effects from exposure to these materials are expected to be
extremely unlikely and are therefore discountable. However, other materials that will float at or
near the surface of the water could pose a threat to marbled murrelets and short-tailed albatross.
Unrecovered materials from the Navy’s training and testing activities that that could float at or
below the surface include chaff fibers, plastic end caps and pistons from flares, plastic end caps
and pistons from chaff cartridges, fragments of missiles (rubber, carbon, or Kevlar fibers), (Navy
2015a, pp. 3.1-61, 3.4-299 - 300), and fragments of targets. Plastic end caps and pistons from
flares and chaff cartridges may float for some period of time (Navy 2015a, pp. 3.1-61, 3.5-66).
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In total, the proposed action includes the firing of 824 flares and 5,000 chaff cartridges in the
offshore area annually (Navy 2015a, pp. 3.3-28 - 29) over 20 years. These end caps and pistons
from flares and chaff cartridges will contribute 116,480 additional pieces of plastic to the marine
environment. Also, 42 high-explosive and non-explosive missiles will be fired each year in the
Offshore Area (Navy 2015a, p. 3.0-45), but the Navy did not provide any information on how
many fragments are likely to result from these events over 20 years. Targets struck with
ordnance will release target fragments (Navy 2015a, p. 2-33) contributing additional pieces. The
Navy will use 458 targets for munitions training and testing in the offshore area each year
(approximately 10,000 targets over 20 years) (Navy 2015a, p. 3.0-46), but did not provide any
estimate of how many floating fragments would be created.
It is difficult to determine how much debris the proposed action will add to the marine habitat
relative to the amount of debris that already exists especially since we do not know how many
pieces of debris is the direct result of Navy activities within the proposed action. At the southern
end of the training area (where debris would be carried by summer currents), researchers
performing transects have found between 0 and 15,222 pieces of floating debris per km2 (Titmus
and Hyrenbach 2011, p. 2500). North of the training area (where debris would be carried by
winter currents) researchers performing transects within Queen Charlotte Sound, British
Columbia found between 0.91 and 2.27 pieces of floating debris per km2 (Williams et al. 2011,
p. 1308). Neither of these studies attempted to determine the sources of the observed debris.
Ocean currents will change the destination of floating debris left by the Navy’s activities. In the
winter, debris is likely to enter the Pacific subarctic gyre flowing north up the coast of North
America, running along and through the Aleutian Islands, then turning around near the
Kamchatka Peninsula and returning to the northeast Pacific Ocean (Avery-Gomm et al. 2012, p.
1778). Once in the Pacific subarctic gyre, debris may continue to circulate for as many as 31
years or could exit the subarctic gyre to drift south along North America and join the Pacific
subtropical gyre (Ebbesmeyer et al. 2007, pp. 1, 4-5).
This debris will accumulate, and although we are unable to quantify the actual number of pieces
introduced into marine waters by Navy activities, it represents a quantity that we expect to be
measurable above the baseline. We expect these plastics to persist in the environment for a long
time because plastic doesn’t actively decompose, but only breaks down into smaller and smaller
fragments.
10.4.6.1
10.4.6.1.1.1.1

Effects of Ingestions of Debris in the Marbled Murrelet
Exposure

Marbled murrelets may ingest plastic because debris may either resemble prey or may be in close
proximity to prey; however we have no evidence of this occurring (D. Lynch, pers. comm.
2015). In one study, 82 marbled murrelets were examined along with other seabirds and none of
the marbled murrelets showed evidence of ingested plastic; even though other pursuit-diving
seabirds did, including murres, auklets, and puffins (Robards et al. 1997, p. 74). Others have
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also found no evidence of plastic ingestion in marbled murrelets (Avery-Gomm et al. 2013, in
press, p. 1). While there may be a small risk that marbled murrelets will accidentally ingest
debris, we expect that it is extremely unlikely to occur, and therefore, is discountable.
Marbled murrelets rely solely on marine fish as prey and likely consume fish with
bioaccumulation of plastic contaminants. There is evidence that seabirds ingest prey
contaminated by plastics and associated contaminants. Plastics degrade into smaller and smaller
pieces that are ingested by fish and birds. Upon ingestion, microscopic plastic fragments can
translocate into the tissues (Rochman et al. 2013, p. 1). Persistent, bioaccumulative, and toxic
substances are found on recovered plastic debris globally (Hirai et al. 2011), bioaccumulate in
foodwebs (Teuten et al. 2009), and are linked with several adverse effects including endocrine
disruption (Guillette et al. 1994), decreased fish populations (McKinley and Johnston 2010), and
reduced species evenness and richness (Johnston and Roberts 2009). Changes in prey
abundance, availability, and quality are all identified as threats to marbled murrelets in the
Service’s 5-year status of the species review (USFWS 2009a, pp. 39-42, 45).
10.4.6.1.1.1.2

Response

Direct ingestion of plastics has not been identified as a threat to the marbled murrelet. Marbled
murrelets typically feed by diving for prey, rather than skimming the surface, which may reduce
the risk of ingestion. However, based on studies of another pursuit diving seabird (e.g., murres)
(Bond et al. 2013), there is a potential risk of ingestion. The highest prevalence of ingested
plastics in seabirds is in surface feeders, such as fulmars, some shearwaters, petrels, and
phalaropes (Robards et al. 1997, p. 71). Blight and Burger found plastics in the stomachs of
surface-feeding seabirds, but not in pursuit dive-feeding seabirds, including marbled murrelets
(1997, p. 323). Others found that 7 percent of pursuit-dive feeding murres had ingested plastic
(Bond et al. 2013, p. 192) and 11 percent of murres had plastic debris in their gastrointestinal
tracts (Provencher et al. 2010, p. 1406).
The majority of plastic debris that litters aquatic habitats globally is microscopic, less than 1 mm
(Rochman et al. 2013, p. 1). Plastic particles are reported in the gut content of several species of
fish globally including from pelagic habitats, estuaries, and bays (Rochman et al. 2013, p. 2).
Fish fed fragments of polyethylene, a common component of plastic and chemical pollutants
absorbed from the marine environment, bioaccumulated these chemical pollutants and suffered
liver toxicity and pathology (Rochman et al. 2013, p. 1). Rochman and others (2013, p. 5)
concluded that polyethylene ingestion is a vector for the bioaccumulation of persistent,
bioaccumulative, and toxic substances in fish, and that toxicity resulting from plastic ingestion is
a consequence.
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10.4.6.1.1.1.3

Conclusion

Given the information regarding the degradation of plastic in the oceanic environment and the
bioaccumulation of associated contaminants through the marine food web, we conclude that
marbled murrelets are likely exposed to these contaminants. Given the information presented
above, this exposure can adversely affect individuals. However, at this time, there is insufficient
information to determine whether the effects of this exposure would result in fitness
consequences to individuals.
10.4.6.2

Effects of Ingestion in the Short-tailed Albatross

The Service does not concur with the Navy that the effects of debris resulting from training and
testing activities in the offshore area are “not likely to adversely affect” the short-tailed albatross.
The best available information is insufficient to support the Navy’s determination that the
introduction of debris into the marine environment is “not likely to adversely affect” short-tailed
albatross.
10.4.6.2.1.1.1

Exposure

At any given time approximately 75 to 95 percent of the short-tailed albatross population will be
at sea (Finkelstein et al. 2010, pp. 327-328). Once they fledge from the breeding colonies in the
central and west Pacific Ocean, juvenile short-tailed albatross disperse widely throughout their
range. Short-tailed albatross observed along the west coast of the United States are primarily
juvenile and sub-adults (Suryan et al. 2007, p. 456; USFWS 2014, pp. 12-14). Outside of the
breeding season, adult and juvenile short-tailed albatross appear to spend the largest proportion
of their time near Alaska (Suryan et al. 2007, p. 454). During the breeding season (October
through June), short-tailed albatross older than 5 years of age may return to breeding colonies
(USFWS 2014, p. 10). However up to 25 percent of breeding-age adults may not return to
breeding colonies and instead remain in foraging areas with juvenile short-tailed albatross (H.
Hasegawa pers. comm. 2002 cited in USFWS 2014, p. 10).
We expect the proposed action to produce some amount of floating plastic debris and other
debris that will persist in the environment for a long time. It is unclear how much will be
produced and how much that will contribute to floating debris present in the action area. We
expect that short-tailed albatross will be exposed to debris resulting from the proposed action,
both near the training and testing activities, and elsewhere within the range of the species where
debris will be carried by ocean currents. We expect that the number of short-tailed albatross
exposed to plastic debris to increase over the duration of the proposed action due to anticipated
increases in the short-tailed albatross population, the persistence of plastic in the environment,
and repeated contributions of plastics from all sources.
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10.4.6.2.1.1.2

Response

Plastics are a threat to short-tailed albatross (USFWS 2008b, p. 26; USFWS 2014, p. 25), and
research has shown that plastics pose a similar threat to black-footed albatross in areas with high
concentrations of marine debris (Titmus and Hyrenbach 2011, p. 2505). Short-tailed albatross
are likely to ingest floating plastic either because the debris resembles typical prey, or because
the debris is the substrate to which flying fish eggs are attached (Pettit et al. 1981, p. 840).
Ingestion of plastics may cause starvation, suppressed appetite and reduced growth, depressed
weight at fledging, decreased fat deposition, increased assimilation of toxins including
polychlorinated biphenyls and organochlorides, and obstruction in the gut (Auman et al. 1997, p.
242). Ingestion of sharp plastic pieces has resulted in internal injury or mortality to birds, and
large volumes of ingested plastic has resulted in a reduction of gut volume available for food and
water absorption, leading to malnutrition and dehydration (Sievert and Sileo 1993, p. 216).
Ingested plastics generally do not pass through the intestines of seabirds; most adults have the
ability to regurgitate at least some plastic (Laist 1987, p. 321). If seabirds do not regurgitate it,
plastic can remain in their stomachs for up to two years (Ryan and Jackson 1987, p. 218). Due to
the length of time plastics can persist within birds, plastics ingested by adults elsewhere in the
North Pacific can be carried to nesting colonies (Auman et al. 1997, p. 243). Short-tailed
albatross at breeding colonies on Torishima commonly regurgitate large amounts of plastic
debris (Hasegawa, H. pers. comm. 2002 in USFWS 2009b, p. 49). Adult short-tailed albatross
can regurgitate plastics when feeding chicks (Blight and Burger 1997, p. 323; Laist 1987, p. 321;
Pettit et al. 1981, p. 840), and young birds may be particularly vulnerable to potential effects of
plastic ingestion prior to developing the ability to regurgitate (Fefer in litt. 1989 in USFWS
2009b, p. 49). Addition of plastic to the marine environment within the range of short-tailed
albatross could affect any age of short-tailed albatross. Juveniles and sub-adults feeding off the
coast of North America could ingest plastic debris while feeding and adults feeding near the
Aleutian Islands could ingest plastic and carry to breeding colonies where they may regurgitate it
when feeding chicks.
Abdominal adipose tissue of short-tailed shearwaters (Puffinus tenuirostris) had higher
concentrations of chemicals found in plastic, which were not present in the natural prey (pelagic
fish) of the birds, suggesting that the transfer of plastic-derived chemicals from ingested plastics
to tissues occurs (Tanaka et al. 2013, p. 1). Evidence from observational studies has found that
birds with plastic in their stomachs have greater concentrations of polychlorinated biphenyls
(PCBs) in their tissue than those that not have plastics in their stomach (Yamashita et al. 201112).
10.4.6.2.1.1.3

Conclusion

The proposed action is likely to adversely affect short-tailed albatross through the introduction of
plastic debris in the action area. Short-tailed albatross are likely to be present where debris will
be introduced and accumulate, and the ingestion of plastics could occur. Once ingested, debris
can injure short-tailed albatross. The possible effects to short-tailed albatross from plastic
ingestion range from benign (if the individual quickly regurgitates the debris) to death (resulting
from the debris physically injuring the individual). The likelihood that Navy-produced plastics
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will directly or indirectly injure short-tailed albatross is difficult to predict. The rates at which
plastic ingestion directly or indirectly injures short-tailed albatross are unknown, and also
impossible to predict without knowing the size and shape of the debris that birds swallow. For
these reasons, the Service is not reasonably certain that short-tailed albatross will be directly or
indirectly injured by the additional debris from the proposed action.
10.4.7

Effects of Electromagnetic Energy, Lasers, and Electromagnetic Radiation on the
Marbled Murrelet

The Navy identified electromagnetic energy and low energy lasers as the only energy stressors
potentially affecting bull trout, marbled murrelets and short-tailed albatross within the Offshore
Area and Inland Waters. Bull trout would not be exposed to these stressors in the Offshore Area
as the stressors occur outside 3 nm from shore where bull trout will not be found.
Electromagnetic radiation is the only energy stressor located in the Olympic MOA.
10.4.7.1

Offshore Area and Inland Waters

Electromagnetic energy is used in mine neutralization systems using towed or unmanned mine
warfare devices that mimic a vessel passing through the water (Navy 2015, p. 3.0-40). The
electromagnetic devices put out both electrical current and magnetic fields. The Navy states that
the electrical current and magnetic fields are both very small. Because the conductivity of
saltwater is higher than the conductivity of a fish, and the electrical fields provided by the
Navy’s system are so small, the electricity goes around the fish instead of through it and
therefore, the fish is not affected (Smith-Root 2015). The Service does not expect marbled
murrelets and short-tailed albatross would be exposed to electromagnetic energy in both the
Offshore Area or Inland Waters as the energy is released from a towed or unmanned device and
marbled murrelets and short-tailed albatross would flush away from these devices, which avoids
or minimizes any potential exposure.
The Navy identified the highest potential level of exposure from low energy lasers would be
from an airborne laser beam directed at the ocean’s surface. As the laser penetrates the water, 96
percent of a laser beam is absorbed, scattered, or otherwise lost (Ulrisch 2004, as cited by Navy
2015, p. 3.0-41). The Navy stated that an animal’s eye would have to be exposed to the laser for
at least 10 seconds or longer to sustain any injury. Since the low energy lasers originate from a
moving source, the Service does not expect that a marbled murrelet or short-tailed albatross
would be exposed to the laser for more than one second.
Based on the above analysis, and the limited exposure to electromagnetic energy and low energy
lasers, the Service does not expect measureable effects to short-tailed albatross, marbled
murrelet, and bull trout within the Offshore Area and Inland Waters. As such, the potential
effects are considered insignificant.
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10.4.7.2

Olympic MOAs

EW training in the Olympic MOAs utilizes aircraft and ground-based vehicles that contain the
MEWTS. The effects of aircraft overflights are analyzed in the Aircraft Noise section above.
Electromagnetic radiation (EMR) and ground-based noise and visual disturbance associated with
the MEWTS on National Forest lands in the Olympic National Forest are analyzed below for
their effects on marbled murrelets. The analysis of these effects to the spotted owl was
previously addressed in the Concurrence section.
There are no published studies that document the effects of EMR on marbled murrelets. There
are studies showing that EMR can be correlated with physiological and developmental changes
(For example: Fernie and Bird 2000; Fernie and Reynolds 2005), and behavioral changes (e.g.,
Balmori 2005; Rejt et al. 2007) in birds. More generally, lower frequency (50 Hz to 1.1GHz)
EMR has been correlated with altering the function of cellular calcium channels (Pall 2013; Rao
et al. 2008), while high energy EMR between 100kHz and 300 GHz can cause tissue heating
(burns) when exposure lasts over a period of minutes (Health Canada 2015). However, the range
of potential effects of EMR exposure varies with energy level, range of wavelengths, and
duration of exposure. For this analysis, we focused our review of the research to evaluate
exposures to EMR in similar frequencies as those described in the proposed action (4 to 8 GHz).
For their EW training, the Navy proposes to use three MEWTS which are utility trucks modified
with two vehicle-mounted mobile emitters. The mobile emitters with which MEWTS will be
outfitted are summarized in Table 47. The MEWTS will operate from 15 sites within the
Olympic MOAs. These sites consist of existing pull-outs or turnarounds which have already
been cleared or have natural features (e.g., a cliff or ridgeline) that provide an unobstructed line
of sight to the west. The MEWTS will not be parked at training sites overnight, but travel to
sites each day from Naval Station Everett Annex Pacific Beach using existing roads. Once on
sites, MEWTS will operate between 8 and 16 hours each day for 260 days each year (Navy
2014). Emitters are expected to be energized, emitting signals at 90-300 watts, about 45 minutes
of every hour that the MEWTS are on site (Mosher, pers. comm. 2015; Navy 2014).
Table 47. Summary of mobile electromagnetic (EM) emitters in electronic warfare training.
Radiation
Range of EM
Hazard
wave
Shape of
Dimensions of
Minimum
Emitter type
frequencies
EM signal
EM Signal
Safe
(GHz)
Separation
Distance
Traveling Wave Tube
30.8 m /
4-8
Cone
8.1 degrees
Amplifier
101.1 ft
9 degrees
Magnetron
6.7 – 7.4
Wedge
horizontal
8.9 m /
27 degrees vertical
29.3 ft
(Mosher, pers. comm. 2015; Navy 2014, pp. 3.1-4 - 5)
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10.4.7.2.1.1.1

Exposure

We evaluated the proposed training sites within the Olympic MOAs to determine their proximity
to known occupied marbled murrelet nesting stands and potential nesting habitat for marbled
murrelets. Of the 15 proposed emitter sites identified by the Navy, three sites are located within
close proximity to potential marbled murrelet nesting habitat (sites 5, 8, and 15), and six sites
(sites 3, 5, 9, 12, 13, and 14) are located a distance of one mile or less from known occupied
marbled murrelet stands located on the Olympic National Forest or lands managed by the
Washington Department of Natural Resources. We consider potential marbled murrelet nesting
habitat to be forest that contains structural features (e.g., trees with platform branches) capable of
providing nesting habitat for marbled murrelets, but is not known to be occupied by the species.
There is a cumulative total of approximately 6 acres of potential marbled murrelet nesting habitat
located within close proximity (defined as a 100-m radius) of three emitter sites on the Olympic
National Forest (sites 5, 8, and 15), but occupancy status at these sites is unknown due to a lack
of surveys.
There are several aspects of EW training that will limit the exposure of wildlife to EMR. The
emitter antennas will be extended 14 ft above the MEWTS and the directional beams produced
by the emitters will be aimed to allow unobstructed signal transmission (taking advantage of
clear lines of sight to the west) so that there is no potential for wildlife on the ground or in the
tree canopy to be exposed to the signal (Mosher, pers. comm. 2015). Therefore, only birds in
flight over the forest canopy have the potential to intersect beams and become exposed to EMR
from the training.
Marbled murrelets are likely to be intermittently exposed to EMR during flight. During the
nesting season, marbled murrelets transit daily between foraging areas in marine waters and
inland nesting sites, often flying well above the forest canopy at heights of greater than 200 m
above ground level (Stumpf et al. 2011, p. 125). Marbled murrelets also visit inland sites during
the winter months (O'Donnell et al. 1995, p. 117), so there is a potential for exposure of marbled
murrelets in flight to EMR throughout most of the year. Marbled murrelet flight heights likely
vary with topography, distance to the ocean, weather, and other factors, but generally marbled
murrelets do not fly at or below the forest canopy level unless they are in close proximity to a
nest site (Paton 1995, p. 115).
The six emitter sites located within a mile of known occupied marbled murrelet stands include
multiple marbled murrelet presence detections in the general vicinity of these stands (i.e.,
marbled murrelets heard or seen flying over the forest canopy). Based on these observations, we
are reasonably certain that marbled murrelets that are flying to inland nesting sites are likely to
be exposed to EMR signals from EW training. Considering the flight behavior of marbled
murrelets and the general proximity of proposed MEWTS sites to known occupied marbled
murrelet nesting habitat, we expect low numbers of marbled murrelets are likely to be
intermittently exposed to EMR. When marbled murrelets are exposed to EMR we expect
exposure to be over a matter of seconds as the birds fly through directional EM fields.
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10.4.7.2.1.1.2

Response

Biological responses to EMR depend on many factors including the density and duration of the
exposure, the species, and conditions of individuals. EM waves can “cause different, and even
contrary effects, depending on their frequency, intensity, modulation, pulses or time of exposure”
(Balmori 2005, p. 110; Redlarski et al. 2015, p. 2).
Due to the range of energy waves that fall into the category of EMR (which includes ranges of
microwaves and radar), and the variability of species and life histories, it is difficult to predict
the effect that a broad spectrum of EMR will have on birds. There is research showing that
exposure to EMR does have the potential to adversely affect birds, and that is summarized
below. The challenge is determining which results and observations are useful to predict the
effects of the Navy’s proposed action. For our analysis of the effects of EW training on marbled
murrelets, we surveyed available research for methods that closely resembled the specific
frequencies included in the Navy’s proposed action.
Cucurachi et al. (2013, pp. 210-211) found that most studies of EMR exposure in birds have
been laboratory experiments largely focused on embryonic chicken and Japanese quail
development. While laboratory studies found both significant and insignificant effects, the
proposed EW training actions avoid exposure of nests to EMR. Field studies in which juvenile
and adult birds were exposed are more likely to be applicable to the Navy’s proposed action.
While they discovered that most effects were adverse, Fernie and Reynolds (2005) found that
birds can have positive, neutral, or negative responses in reproductive success to EM fields
produced by electric transmission lines.
Another study found evidence that pigeons can sense EMR from a radio transmitter between 6
and 17.5 MHz, that birds unaccustomed to the presence of EMR will take longer to fly to their
roosts, and that birds tend to fly at a lower altitude, but do not alter their direction when flying
toward a source of EMR (Steiner and Bruderer 1999). However, research on the effects of EM
fields associated with electric transmission lines has very limited applicability to the Navy’s
proposed action. The EM energy associated with electric transmission lines is typically
characterized by persistent fields of EM waves with frequencies around 60 Hz (Fernie and Bird
2000, p. 462). In contrast, the Navy’s EW emitters produce signals between 4 and 8 GHz (4 to 8
billion Hz), a much higher frequency than EMR from transmission lines or the radio signals
studied by Steiner and Bruderer (1999, p. 167).
Other field research studied responses to EMR with frequencies closer to the range the Navy will
use for EW training. White storks nesting within 200 m of cellular antennas emitting EMR at
900 MHz and 1.8 GHz had significantly lower productivity than storks nesting further than 300
m from the antenna, suggesting that chronic exposures to EMR in these frequencies may affect
stork nesting success. The productivity measured beyond 300 m was close to the total
productivity measured in the area before the cellular antennas were installed (Balmori 2005, p.
114). The results of this study suggest that the EMR from cellular antennas may cause
deleterious effects at least out to 200 m from the antennas.
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Closer to the frequencies proposed for EW training, Rejt et al. (2007, entire) examined the
effects of military radar emitting signals between 1.2 and 3 GHz on nesting blue and great tits
over 45 days. The only significant correlation the researchers found was that competitively
dominant great tits seemed to show a significant preference for nesting in areas exposed to lower
radiation levels, leaving the higher radiation sites to be disproportionately inhabited by blue tits.
Neither species showed any significant difference related to EM radiation in terms of their
breeding success (Rejt et al. 2007, pp. 237-238). Although these studies examined EMR that is
similar to the energy parameters proposed by the Navy, they studied conditions where birds were
continuously exposed, while exposure to the Navy’s proposed training will be intermittent.
Assuming that all three MEWTS are deployed every day of the 260 (annual) fly days and that the
15 sites are used equally, each site will be used 1 of every five days. Within each of those days,
the emitters will be energized about 45 minutes of every hour, for 8 to 16 hours.
Of the available information, we found the following research to be the most applicable to
understanding the Navy’s proposed action because the EMRs in the study used a similar
frequency and exposure duration. Bruderer et al. (1999, pp. 1016-1017) aimed the ex-military
tracking radar emitter “Superfledermaus” at birds in flight to determine if the birds altered their
behavior when the emitter was energized and when it was not. “Superfledermaus” emits EMR
directionally at approximately 9 GHz, making the EM energy similar to that proposed by the
Navy. It can also be steered to track birds through their flight paths. The researchers found that
the radar provoked no measurable changes in the behavior of the birds in terms of flight direction
or vertical speed (Bruderer et al. 1999, pp. 1018-1019).
10.4.7.2.1.1.3

Conclusion

Since the emissions are directional and pointed skyward, marbled murrelets will only be exposed
when their flight paths intersect with a beam of EMR. The EMR emitters will be energized
intermittently, and produce EMR with frequencies between 4 and 8 GHz. The best-available
commercial and scientific information indicates that the effects of brief, intermittent exposures to
EMR frequencies in the range of 4 to 8 GHz are likely to be insignificant to birds in flight.
Physical effects, such as tissue heating or burns, are considered to be discountable, because an
exposure lasting a few seconds (as is the case with a bird in flight) would be too brief to manifest
these effects. Based on this analysis, the Service agrees with the Navy’s determination that use
of the mobile emitters for EW training will have insignificant effects on marbled murrelets.
10.4.8
10.4.8.1

Ground-Based Noise and Visual Disturbance
Evaluation Criteria

The use of motorized equipment in close proximity to marbled murrelet habitat can disrupt
normal marbled murrelet nesting behaviors. The Service has previously completed analyses for
noise and visual disturbance to marbled murrelets (USFWS 2013, pp. 101-110). In these
analyses, we concluded that normal marbled murrelet nesting behaviors may be disrupted by
above-ambient sounds or visual disturbances that occur in close proximity to an active nest or
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when the activity occurs within the line-of-sight of a nesting marbled murrelet. For groundbased activities, we use a threshold distance of 110 yards (100 m) to evaluate if marbled murrelet
habitat will be exposed to potentially disruptive activities.
10.4.8.1.1.1.1

Exposure

For their EW training, the Navy proposes to use three MEWTS, which are utility trucks modified
with two vehicle-mounted mobile emitters. The use of this ground-based equipment in the
Olympic MOAs will potentially expose marbled murrelets to noise and visual disturbances.
However, the risk of exposure to these stressors may be discountable if suitable habitat is not
located within the immediate vicinity of the training sites. We evaluated the proposed training
sites within the Olympic MOAs for proximity to known occupied marbled murrelet stands and
potential nesting habitat for marbled murrelets. Of the 15 proposed emitter sites identified by the
Navy, three sites are located within close proximity to potential marbled murrelet nesting habitat
(sites 5, 8, and 15), and six sites (sites 3, 5, 9, 12, 13, and 14) are located with a distance of one
mile or less from known occupied marbled murrelet stands located on the Olympic National
Forest or state lands managed by the Washington Department of Natural Resources. Potential
marbled murrelet nesting habitat is forest that contains structural features (e.g., trees with
platform branches) capable of providing nesting habitat for marbled murrelets, but is not known
to be occupied by the species. There is a cumulative total of approximately 6 acres of potential
marbled murrelet nesting habitat located within close proximity (defined as a 100-m radius) of
three emitter sites on the Olympic National Forest (sites 5, 8, and 15), but occupancy status at
these sites is unknown because of the lack of surveys.
10.4.8.1.1.1.2

Response

The Service considers the use of vehicles on open forest roads to be a low-intensity activity that
poses a low risk of disturbance to marbled murrelets (USFWS 2013, pp. 103-104). Upon arrival
at a training site, the mobile emitter crew will determine the need for establishing a safety zone.
Sites requiring a safety zone will be posted with a radiation hazard sign and the crew will mark
the perimeter of the hazard zone with removable warning tape. While conducting training
operations, the crew will use a small generator to power the equipment. The generators selected
to power the mobile emitters have specifications that meet National Park Service sound level
requirements (60 dBA at 50 ft) for National Park use. The generators will be encased in steel
and have mufflers on the exhaust, both of which offer an increased level of sound attenuation to
create a corresponding drop in noise levels to approximately 42 dBA at 50 ft (Navy 2014, p. 3.224), indicating low-level generator noise will be associated with the mobile emitter sites. This
level of generator noise is not expected to be disruptive to marbled murrelets. Low-level
mechanical sounds that are detectable to marbled murrelets may result in minor behavioral
responses, such as scanning or head-turning behaviors, or increased vigilance for short periods.
Such minor behavioral responses are considered to have insignificant effects on nesting marbled
murrelets.
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The primary risk associated with the mobile emitters is the visual disturbance associated with the
presence of people on the ground outside of the parked vehicle. Once the vehicle is parked, crew
members will briefly exit vehicles to set up equipment and establish safety zones, etc. Marbled
murrelets have been observed flushing in response to people walking on a road near a nest site
(Hamer and Nelson 1998, p. 9). The intensity, frequency, duration, and magnitude of a
disturbance event are all important factors the Service considers when evaluating the likelihood
and magnitude of effects. In general, we consider low intensity, short-duration actions (e.g., less
than 1 day at a site) to be of much lower risk for a measurable effects to nesting marbled
murrelets when compared to prolonged actions that require several days or weeks at a site to
complete (e.g., major construction). Effects to marbled murrelets are limited to short-term
exposures of generally one day or less at any particular emitter site, and the presence of people
outside of vehicles will be limited to a few minutes each day during set-up and take-down of the
safety-zone perimeter. Considering the limited duration of this activity in any given location,
and the limited amount of potential nesting habitat located in close proximity to emitter sites, the
likelihood of significantly disrupting marbled murrelet nesting behaviors is considered to be
discountable. Other minor behavioral responses such as alert behaviors or increased vigilance in
response to distant sounds or activity may occur, but these are also considered to be insignificant
behavioral responses.
10.4.8.1.1.1.3

Conclusion

The effect of motor-vehicle use on open, public-access roads within the Olympic MOAs is
considered to be insignificant to marbled murrelets.
10.4.9

Physical Disturbances and Strike

The physical disturbances and strike stressors include vessel strikes, in-water devices, seafloor
devices, divers and swimmers, military expended materials (and their fragments), physical
disturbances from helicopters, and aircraft strikes.
10.4.9.1

Vessel Strikes

10.4.9.1.1 Effects of Vessel Strike on the Marbled Murrelet and the Short-tailed Albatross
Navy vessels include ships, small craft, and submarines. Navy ships generally operate at speeds
in the range of 10 to 15 knots, submarines operate at 8 to 13 knots, and small craft have variable
speeds based on the activity (Navy 2015b, p. 3.0-42). Maximum speeds are slightly faster.
10.4.9.1.1.1.1

Exposure

We are not aware of any records of ships striking a short-tailed albatross or a marbled murrelet
(or any other alcid species), or of either species colliding with a ship and being injured. There
are numerous reports of seabirds landing on the decks of vessels during bad weather. These are
most likely weary individuals actively searching for large floating platforms to land on.
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10.4.9.1.1.1.2

Response

Marbled murrelets are fast fliers (up to 60 mph), capable of maneuvering through trees and
landing on branches in dim lighting conditions. At sea, they frequently dive and sometimes take
to the air to avoid approaching vessels. Short-tailed albatross spend their lives on the ocean and
adapt to the harsh conditions and can be found flying around vessels. Based on our knowledge
of these species and the available data, it is our best professional judgment that marbled
murrelets and short-tailed albatross are capable of avoiding vessels. Due to the low densities of
both species offshore and their ability for flight, the Service considers the likelihood of vessel
strikes to be discountable for short-tailed albatross and marbled murrelets.
10.4.9.1.1.1.3

Conclusion

The likelihood of either a marbled murrelet or a short-tailed albatross striking a Navy vessels is
considered extremely unlikely and is therefore discountable.
10.4.10 In-Water Devices
10.4.10.1

Effects to the Bull Trout, the Marbled Murrelet, and the Short-tailed Albatross
From In-water Devices

In-water devices include unmanned vehicles, such as remotely operated vehicles, unmanned
surface vehicles, unmanned undersea vehicles, and towed devices. Similar to Vessel Strikes
described above, the typical speed of in-water devices is similar to Navy vessels: towed devices
at10 to 40 knots, and unmanned underwater vehicles and unmanned surface vehicles at one to 15
knots.
10.4.10.1.1.1.1 Exposure
Unmanned surface vehicles have the same cumulative probability of striking a marbled murrelet
or short-tailed albatross, as described above in Vessel Strikes. The Service considers the
likelihood of exposure to in-water devices to be extremely unlikely.
10.4.10.1.1.1.2 Response
As exposure is considered extremely unlikely, we do not anticipate any responses by bull trout,
marbled murrelets, or short-tailed albatross.
10.4.10.1.1.1.3 Conclusion
Effects from exposure to in-water devices are considered extremely unlikely and are therefore
discountable.
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10.4.10.2

Seafloor Devices

Seafloor items are deployed onto the seafloor. These items include moored mine shapes,
anchors, bottom placed instruments, and robotic vehicles referred to as “crawlers.” Crawlers are
slow-moving devices that crawl along the seafloor. Some seafloor devices like moored mines
are deployed by fixed-wing aircraft. The mine enters the water and impacts the seafloor, where
it becomes partially buried. Upon impact, the mine casing separates and the semi-buoyant mine
floats up through the water column until it reaches the end of the mooring line. Other seafloor
devices are positioned manually and are allowed to sink to the bottom.
10.4.10.2.1.1.1 Exposure
Seafloor devices may result in localized, temporary increases in turbidity and suspended solids
and a slight reduction in prey abundance due to mortality of macroinvertebrates. However,
neither the bull trout, the marbled murrelet, or the short-tailed albatross spend the majority of
their life history on the seafloor, which limits direct exposure to these stressors. The potential
area of habitat affected by seafloor devices is small in comparison to the habitat available. Most
seafloor devices occur in deeper water where bottom substrates are soft and do not provide
habitat for bull trout, marbled murrelet, or short-tailed albatross prey species. Some activities,
such as precision anchoring, involve repeated disturbance to the same area of seafloor. These
areas have been highly impacted from past disturbance and are not expected to impact prey
species habitat or impact habitat sufficiently to result in measurable effects to prey.
10.4.10.2.1.1.2 Response
Seafloor devices will not degrade habitat functions that are important to the bull trout, the
marbled murrelets or the short-tailed albatross, including diminishing forage fish or other prey
resources. These effects will be intermittent and limited in physical extent and duration.
10.4.10.2.1.1.3 Conclusion
Based on the relatively localized, temporary impacts associated with these devices, as well as the
limited use of seafloor habitat by the bull trout, marbled murrelet and short-tailed albatross, we
do not anticipate any measureable effects. As such, the effects of seafloor devices as considered
insignificant to bull trout, marbled murrelets, and short-tailed albatross.
10.4.11 Effects to the Bull Trout and the Marbled Murrelet from In-water Disturbance in Inland
Waters
10.4.11.1

Divers and Swimmers (In-water Disturbance)

Navy training and testing activities that involve divers may disturb bull trout and marbled
murrelets when they occur in the Inland Waters Subunit. In-water disturbance may result in
alarm responses and temporary disruption of normal bull trout and marbled murrelet behaviors
such as abandonment or avoidance of habitat and decreased foraging effectiveness. These
effects will be intermittent and limited in physical extent and duration.
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10.4.11.1.1.1.1 Conclusion
We expect that bull trout and marbled murrelets will quickly resume normal activities following
any disturbance associated with the Navy’s use of divers and swimmers for training activities.
Therefore, we consider the effects of in-water disturbance from divers and swimmers to be
insignificant to bull trout and marbled murrelets.
10.4.11.2

Strike by Military Expended Material and Their Fragments

Military expended materials include a variety of devices, equipment, and munitions. We
evaluated the potential that they, or their fragments, may strike and injure or kill a bull trout,
marbled murrelet, or short-tailed albatross. Some military expended materials were also
analyzed under other stressors such as ingestion and entanglement. This section only addresses
the potential for listed species to be struck by military expended material.
Military munitions, devices, equipment, and materials that are used and expended by the Navy
include sonobuoys, expendable targets, drones, flares, chaffs, projectile casings, and weights.
The cumulative probability of flares and sonobuoys striking short-tailed albatross and marbled
murrelets is shown in Appendix A. The cumulative probability of a flare or sonobuoy striking a
marbled murrelet or a short-tailed albatross was less than ten percent for each species.
Most military expended material in Inland Waters will occur in areas where bull trout occurrence
is low. Sonobuoys and expendable targets are either floating on the surface or moving, so the
likelihood of their striking a bull trout is extremely low. Other material, such as drones, flares,
and chaff, is expended in the air and some (like flare casings) would slowly sink through the
water column, with a very low probability of striking a bull trout. Projectile casings and weights
may fall through the water column faster but are still unlikely to strike a bull trout.
10.4.11.2.1.1.1 Conclusion
Based on the low probabilities of exposure shown in Appendix A, the Service considers the
potential of a sonobuoy striking either a short-tailed albatross or a marbled murrelet to be
extremely unlikely, and therefore discountable. The Service also expects that short-tailed
albatross or marbled murrelets would not be struck by other materials such as expendable targets.
The Service considers the effects of military expended materials striking a short-tailed albatross
or marbled murrelet, except for those related to non-explosive practice munitions (addressed
above), to be discountable. The likelihood of these materials striking a bull trout is also
considered discountable.
10.4.12 Effects of Helicopter Use to Marbled Murrelets in Inland Waters
10.4.12.1.1.1.1 Exposure
Stressors associated with helicopter use include rotor strikes, elevated SPLs, water plumes,
flying debris, and rotorwash (downdraft). Exposure to these stressors can result in injury,
mortality, displacement, missed feedings, disturbance, and reduced fitness.
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Helicopters (rotary-wing aircraft) will be used for four activities in Inland Waters. Helicopters
produce lower-frequency sound and vibration at a higher intensity than fixed-wing aircraft
(Richardson et al. 1995). Helicopter sounds contain dominant tones from the rotors that are
generally below 500 Hz (the lower hearing range of marbled murrelets, at approximately 480
Hz). Helicopters often radiate more sound forward than backward (Navy 2015a, p. 3.0-37).
Helicopter use is typically limited to approximately four-hour durations due to fuel capacity;
therefore, the total hours described for each activity are expected to be intermittent based on the
limited capacity of helicopter use and the inherent travel time associated with their
departures/arrivals from where they are stored.
Maritime Homeland Defense/Security Mine Countermeasures Integrated Exercises are
conducted at various ports and harbors to support homeland defense/security. Helicopters are
used to tow mine sweeping/detecting devices at any time of year, for up to 24 hours over a
several day period. Based on the information provided by the Navy, we estimate that marbled
murrelets may be exposed to stressors related to helicopter use in the Inland Waters for 1 event
every other year, for a total of 24 hours of helicopter flight time per event, for 20 years.
Naval Special Warfare Personnel Insertion/Extraction (Non Submersible) training exercises are
conducted at Crescent Harbor and Navy 7 (R6701) to train personnel to approach or depart using
various means. Training personnel are inserted into the water via low, slow-flying helicopters
from which personnel jump. These activities occur year round, for 2 to 8 hours, at any time of
day. Based on the information provided by the Navy, we estimate that marbled murrelets may be
exposed to stressors related to helicopter use in Crescent Harbor and Navy 7 (R6701) for 5
events per year, for 8 hours per event, for 20 years.
Search and Rescue operations are conducted in Crescent Harbor and at Navy 7 training areas.
Helicopters fly below 3,000 ft elevation to train in rescuing personnel. These activities occur
year round, for 2 to 3 hours, at any time of day. Based on the information provided by the Navy,
we estimate that marbled murrelets may be exposed to stressors related to helicopter use in
Crescent Harbor for a total of 5,700 hours over a 20-year period (95 events per year, for 3 hours
per event). We estimate that marbled murrelets may be exposed to stressors related to helicopter
use in Navy 7 (R6701) for 5 events per year, for 3 hours per event, for 20 years.
Mine Warfare/Mine Neutralization – Explosive Ordnance Disposal operations are conducted in
Crescent Harbor and Hood Canal EOD Training Range site. Helicopters are used to support
mine detection and classification and for countermeasure and neutralization testing. During
airborne neutralization testing, a previously located mine is destroyed or rendered nonfunctional
using a helicopter-based system. Based on information provided by the Navy we estimate that
marbled murrelets may be exposed to stressors related to helicopter use in Crescent Harbor and
Hood Canal EOD Training Range site for 12 events per year, for 4 hours per event, for 20 years.
For EOD detonations, training events in Crescent Harbor will occasionally involve the use of
helicopters. The majority only involve the use of boats. When helicopters are used, they take off
from Ault Field on Whidbey Island, flying at approximately 500 ft elevation (152 m). They
approach Crescent Harbor from the north and fly around the harbor at approximately 70 to 80
knots searching for a float mark that identifies a simulated mine. The helicopter slows to less
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than 1 knot and hovers at about 10 to 20 ft (3.0 to 6.1 m) above the water while releasing
swimmers. The helicopter then flies to the survival area (NW shoreline of the Seaplane Base)
where it waits for the charge to be set. After setting the charges, the swimmers are then removed
by helicopter.
For all other exercises involving helicopter use, we expect that helicopters will be used similarly
as described above for EOD detonations in Crescent Harbor. Although the maximum duration of
use is approximately four hours, we expect the maximum duration that a helicopter would
remain hovering in a particular area would be less than two hours. We expect helicopters would
likely deploy from the nearest Navy air field, travel to the activity area, perform the exercise and
return to the air field, or temporary waiting location, and would only remain within a particular
area for only as much time as it would take to complete the exercise.
Based on best available information regarding marbled murrelet occurrence in Inland Waters
(Falxa et al. 2015; Pearson in litt. 2015), murrelets are likely to be present in areas of helicopter
use.
10.4.12.1.1.1.2 Response
Marbled murrelets are expected to be exposed to stressors from helicopter use in Inland Waters
(Puget Sound and Strait of Juan de Fuca). These stressors include rotor strikes, elevated SPLs,
water plume, flying debris, and helicopter rotor wash (downdraft). Exposure to these stressors
can result in injury, mortality, displacement, missed feedings, disturbance, and reduced fitness.
We expect that murrelets will perceive an approaching helicopter as an aerial threat and their
primary response will be to dive. The length and distance of the murrelet dive may not be
sufficient to completely evade helicopter downwash as the craft hovers. Depending on how long
the helicopter hovers, the murrelet may dive and re-surface several times to evade the downwash.
The area of effect where murrelets may be exposed is based on the assumption that rotor
downwash extends three times the diameter of the rotor length (Federal Aviation Administration
2014, p. 7-3-6), which yields an area of effect of approximately 0.02 km2 each time. We assume
that a total of 110 events per year will include helicopters. Over 20 years, we expect that a
cumulative total of 26.8 km2 (i.e., the sum of all individual areas of effect) of marbled murrelet
habitat within the Inland Waters will be exposed to helicopter downwash. We expect that
marbled murrelets exposed to helicopter downwash may not always be able to evade it and may
experience a significant disruption of their normal behaviors.
We expect that when murrelets are exposed to helicopters, their foraging bouts and resting
attempts will be interrupted. They are likely to abandon use of these areas until the helicopters
are no longer present. We anticipate murrelet energy expenditure will be increased above
normal when they flush, relocate out of the area, increase their diving effort to replace lost
foraging opportunities, and escape from perceived predators (i.e., helicopters). Given that
murrelets have high energetic demands and must consume a large percentage of their body
weight every day, we expect that these responses in the context of the duration, frequency, and
affected areas represent a significant disruption of normal behaviors that creates a likelihood of
injury.
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We do not expect marbled murrelets will collide with, or be struck by, helicopters. Collision is
extremely unlikely because marbled murrelets are expected to flush or dive, to avoid being
struck. Additionally, pre-detonation surveys will reduce exposure in Crescent Harbor and Hood
Canal EOD Training Range sites.
10.4.12.1.1.1.3 Conclusion
In Inland Water areas, such as Navy 7, and ports and harbors where Maritime Homeland
Defense/Security Mine Countermeasures Integrated exercises occur, marbled murrelets will be
exposed to downwash from helicopters. The area of exposure is approximately 0.02 km2 for
each instance. Over 20 years, we expect that a cumulative total of 26.8 km2 (i.e., the sum of all
individual areas of effect) of marbled murrelet habitat within the Inland Waters will be exposed
to helicopter downwash. Given the location and number of events using helicopters and the area
of effect explained above, and the densities of marbled murrelets in these locations, we are
reasonably certain that 6.6 groups of two birds (13.2 birds) will be exposed over 20 years.
Exposed marbled murrelets are expected to respond by diving repeatedly and or by vacating the
area. Based on the high energetic demands of marbled murrelets, coupled with the duration of
this exposure, we expect that this disruption of normal behaviors will result in reduced foraging
efficiency to the extent that there are measureable effects to individuals that create a likelihood
of injury.
10.4.13 Effects of Helicopter Use to Marbled Murrelets and Short-tailed Albatross in the
Offshore Area
10.4.13.1.1.1.1 Exposure
To evaluate the potential exposure of short-tailed albatross and marbled murrelets to rotor wash
from hovering helicopters and unmanned rotary-winged aircraft in the Offshore Area, we
considered the area of effect for hovering helicopters to be a circle 161 feet in radius, three times
the rotor diameter of the MH-60 helicopter. For unmanned rotary-winged aircraft, we assumed
the area of effect to be a circle with a radius of 82.5 ft (25.1 m), three times the rotor diameter of
a Fire Scout MQ-8B unmanned rotary-wing aircraft. The cumulative probability for short-tailed
albatross being exposed to the rotor wash of hovering aircraft was less than ten percent.
Therefore, we considered short-tailed albatross exposure to the physical disturbances associated
with helicopters to be discountable. For marbled murrelets, in the “reasonable worst-case”
scenario, there was a 12 percent chance of exposure to hovering helicopters and unmanned
rotary-winged aircraft, so marbled murrelet exposure to this stressor is not discountable.
However, in the “reasonably certain” scenario, the probability of exposure is less than ten
percent. Therefore, we are not reasonably certain that such exposure will occur.
10.4.13.1.1.1.2 Conclusion
There is a discountable chance of exposure to short-tailed albatross from helicopter use in the
Offshore Area. We expect a 12 percent chance of marbled murrelet exposure in the Offshore
Area. However, our analysis of a “reasonably certain” scenario indicated that exposure
probability is less than ten percent, which is considered discountable.
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10.4.14 Aircraft Strikes
10.4.14.1

Effects of Aircraft Use to the Marbled Murrelet over the Olympic MOAs

The Navy proposes aircraft flights over the Olympic MOAs regardless of whether the Forest
Service issues a special-use permit allowing the ground-based MEWTS vehicle-mounted
emitters to operate on National Forest lands. The proposed action includes 1,558 fixed-wing
aircraft flights in the Olympic MOAs each year (Navy 2015c, Appendix J, p. 14).
10.4.14.1.1.1.1 Exposure
Aircraft participating in training missions in the Olympic MOAs will operate higher than 6,000 ft
above mean sea level and will remain at least 1,200 ft above ground level when flying over
higher elevation lands (Navy 2015c, Appendix J, p. 4). The proposed aircraft flights will fly at
the lowest altitudes of 6,000 to 8,000 ft above mean sea level during only five percent of the total
proposed annual flight time over the Olympic Peninsula (Navy 2015c, Appendix J, p. 14).
Marbled murrelet nesting habitat on the Olympic Peninsula extends up to 4,000 ft above mean
sea level (Raphael et al. 2011), so aircraft will never be less than 2,000 ft above murrelet habitat.
10.4.14.1.1.1.2 Response
In order for marbled murrelets to be struck by aircraft, the birds would need to fly at the same
altitude as the aircraft. Murrelet flight heights have been measured using radar surveys at several
sites in the Pacific Northwest. Mean murrelet flight altitudes ranged from 93 m (300 ft)
(Sanzenbacher et al. 2014, p. 169) to 308 m (1,010 ft) (Hamer Environmental 2009, p. 37) above
ground level. At typical flight altitudes, marbled murrelets would not fly high enough to be
struck by the lowest-flying aircraft. The highest recorded flight altitude of a marbled murrelet
we found in our review is 819 m (~2,700 ft) above ground level (Hamer Environmental 2009, p.
37). It is therefore possible that a murrelet could be struck by aircraft if the murrelets are flying
near the maximum recorded flight altitude over land areas that are at least 3,300 ft in elevation
(i.e., an aircraft flying no lower than 6,000 ft above mean sea level would be 2,700 ft above
ground level).
While it is in the realm of possibility that a murrelet could be struck by an aircraft, there are a
number of factors that indicate this is not a likely scenario. As described in the Effects of
Aircraft Noise, we expect less than one percent of training flights over the MOAs would occur at
lower elevations that approach within a distance of 3,000 ft above ground level over murrelet
nesting habitat. Additionally, murrelets occur at low densities and are widely dispersed within
the Olympic MOAs, so the probability of an aircraft striking a murrelet is extremely low. Most
(74 percent) aircraft bird strikes occur in the vicinity of airports where aircraft traffic volume is
high, and the aircraft are flying at lower elevations (less than 500 ft above ground level) where
the likelihood of encountering birds is much higher (Dolbeer 2006, p. 1346). Therefore, it is
extremely unlikely that marbled murrelets will be struck by aircraft.
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10.4.14.1.1.1.3 Conclusion
All aircraft training operations will occur at altitudes that exceed 6,000 ft above mean sea level,
indicating the closest approach of aircraft to potential murrelet nesting habitat will be 2,000 ft
above ground level. Marbled murrelets typically fly at elevations of less than 1,000 ft above
ground level, and occur at low densities throughout the Olympic MOAs. Given that most
training flights will occur at altitudes that exceed 10,000 ft above mean sea level, we consider the
risk of aircraft strikes to be discountable.
10.4.14.2

Effects of Aircraft Use to the Marbled Murrelet and Short-tailed Albatross in the
Offshore Area

Various training and testing activities will involve fixed-wing, rotary-wing, and unmanned aerial
vehicles in the offshore area.
10.4.14.2.1.1.1 Exposure
Short-tailed albatross and marbled murrelets will be present in the offshore area during training
and testing activities, although they will be in very low densities and spending the majority of
their time on the surface of the water. When short-tailed albatross and marbled murrelets do fly
over the ocean, they usually fly low, within a few meters of the water surface.
10.4.14.2.1.1.2 Response
At times aircraft will fly at low altitudes, although it will be extremely rare that aircraft will be
close enough to the water to strike a short-tailed albatross or marbled murrelet. We expect that
the threat of aircraft strikes to short-tailed albatross and marbled murrelet is discountable due to
the wide distribution of short-tailed albatross and marbled murrelets in the offshore area and the
behaviors that will separate the birds from the altitudes used by the great majority of the aircraft
flights.
10.4.14.2.1.1.3 Conclusion
Marbled murrelet and short-tailed albatross exposure to potential aircraft strikes in the Offshore
Area is expected to be extremely unlikely and is therefore discountable.
10.4.15 Effects of Entanglement on the Bull Trout, the Marbled Murrelet, and the Short-tailed
Albatross
The Service analyzed the potential risk of marbled murrelets, short-tailed albatross, and bull trout
entanglement in military expended material such as decelerators/parachutes, guidance wires, or
fiber optic cables.
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10.4.15.1.1.1.1 Exposure
For short-tailed albatross and marbled murrelet, we determined that the cumulative probability
for each species becoming entangled by military expended materials in the Offshore Area was
less than 10 percent (Appendix A). Our analysis of exposure risk in the Inland Waters reflects
our understanding of bull trout and marbled murrelet distribution and estimated occurrence of
expended materials.
Fiber optic cables and guidance wires are used for torpedo testing and Unmanned Underwater
Vessel activities which occur in the Offshore Area and DBRC and Keyport Range Site in the
Inland Waters. Expendable parachutes are used for the deployment of sonobuoys and are only
used in the Offshore Area. Most are used greater than 12 nm from shore. Fiber optic cables,
guidance wires, and parachutes are all used on devices that are moving (torpedoes and
Unmanned Underwater Vessels) and this reduces the risk of exposure to bull trout, marbled
murrelets, and short-tailed albatross. It is likely that these moving objects would be avoided.
The properties of fiber optic cables and guidance wires make them less susceptible to
entanglement. Guidance wires and fiber optic cables are single, straight strands of material that
do not easily form loops or a web-like structure, such as a gill net or fishing net. Once deployed
and used, the guidance wires and fiber optic cable sink and do not remain or float in the water
column for an extended period of time. Decelerators and parachutes have weights and metal
clips attached to them that facilitate their descent to the seafloor and minimize the time when
entanglement could occur.
10.4.15.1.1.1.2 Response
Short-tailed albatross only dive to shallow depths when foraging. Because expendable
parachutes are used during the deployment of sonobuoys, and guidance wires and fiber optic
cables are used during torpedo testing and Unmanned Underwater Vessel activities, it is
extremely unlikely that marbled murrelets and short-tailed albatross would become entangled by
these expended materials. The parachutes, guidance wires, and fiber optic cables would rapidly
sink upon use, decreasing exposure risk to marbled murrelets and short-tailed albatross.
In the Inland Waters, the use of fiber optic cables and guidance wires are used at DBRC and
Keyport Range Sites, which are located in Hood Canal and south Puget Sound where bull trout
occurrence is rare or extremely unlikely. The use of fiber optic cables and guidance wires are
also used in deep water. Bull trout have been found to migrate over deep water, but are more
dependent on shallow water for migration and foraging.
10.4.15.1.1.1.3 Conclusion
Based on a low cumulative probability of entanglement and the properties of the military
expended materials, the Service expects the likelihood of entanglement with
decelerators/parachutes, guidance wires, and fiber optic cables is discountable for bull trout,
short-tailed albatross, and marbled murrelets.

242

10.4.16 Effects of Air Pollutants on the Bull Trout, Marbled Murrelet, and Short-tailed
Albatross
Air pollutants are emitted during the Navy’s use of aircraft, vessels, ordnances, powered targets,
and a variety of other items such as chaff, flares and smoke targets. Criteria pollutants are the six
major air pollutants of concern: carbon monoxide, sulfur dioxide, nitrogen dioxide, ozone,
suspended particulate matter, and lead. The U.S. Environmental Protection Agency regulates
187 substances as hazardous air pollutants known to cause or suspected of causing cancer or
other serious health effects. Criteria and hazardous air pollutants are generated by the
combustion of fuel by surface vessels and aircraft and by combustion of explosives and
propellants in various types of munitions. Pollutant levels are based on location, altitude,
number of aircraft, vessels, explosives, etc. used, and length of activity.
10.4.16.1.1.1.1 Exposure
Emission of pollutants occurs throughout the action area. Air pollutants emitted above 3,000 ft
elevation are above the atmospheric mixing height and do not affect ground-level air quality
(USEPA 1992 as cited by Navy 2015, p. 3.2-7). Many of the Navy aircraft, munitions, and
powered targets occur over 3,000 ft. Ninety percent of emissions are released more than 12 nm
from shore (Navy 2014, p. 3.2-28). We expect that atmospheric dispersion will quickly reduce
potential impacts of the Navy emissions of air pollutants. Emissions of increased air pollutants
will be intermittent and limited in physical extent and duration.
Greenhouse gasses are another class of air pollutants generated by the proposed action and linked
to climate change. While climate change is a significant threat to listed species, we do not
anticipate measurable effects from contributions of the proposed action in the context of existing
and predicted global climate conditions.
10.4.16.1.1.1.2 Conclusion
The release of these criteria and hazardous air pollutants is not expected to result in measureable
effects to bull trout, marbled murrelets, and short-tailed albatross. As such, we consider the
effects of increased air pollutants on these listed species to be insignificant.
10.4.17 Effects of Sediment and Water Quality on the Bull Trout, the Marbled Murrelet, the
Short-tailed Albatross
The sediments and water quality within the action area are affected by explosives and explosion
byproducts, metals, chemicals other than explosives (solid fuel, liquid fuel, PCBs, seafloor
devices (crawlers and items placed on the seafloor) and other materials (marine markers, chaff,
flares, target materials [glass, carbon fibers, plastics]). Impacts to sediment and water quality
may occur from the following: 1) releasing materials into the water that subsequently disperse,
react with seawater, or dissolve over time; 2) depositing materials into the water column or
directly on the ocean bottom that subsequently interact with sediments, or the accumulation of
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materials over time; 3) depositing materials or substances on the ocean bottom that subsequently
interact with the water column; and 4) depositing materials on the ocean bottom that
subsequently disturb those sediments or that suspend them in the water column (Navy 2015b, pp.
3.1-28, 29).
10.4.17.1.1.1.1 Exposure
Military expended material, as it settles on the marine substrate, results in chemical, physical,
and biological changes in sediment and water quality. The debris breaks down slowly leaching
chemicals into the water and sediments. These impacts are localized, are contained within a
small area surrounding the debris, but may last for a long time. Within the water column,
released chemicals and metals are expected to dilute rapidly. Biologically, the increased
contaminants surrounding the debris on the seafloor will impact macroinvertebrates, which are
prey for forage fish and bull trout. Military expended materials will enter waters throughout the
action area.
In-water devices, especially unmanned underwater vehicles, also may come in contact with the
substrate. In-water devices, when contacting the substrate, will result in localized, temporary
increases in turbidity and suspended solids and may result in a slight reduction in prey
abundance due to mortality of macroinvertebrates.
10.4.17.1.1.1.2 Response
We do not expect that in-water devices will measurably degrade habitat functions that are
important to bull trout or marbled murrelets or their prey resources.
10.4.17.1.1.1.3 Conclusion
The effects of increased sediment contamination and decreased water quality are expected to be
insignificant to bull trout, marbled murrelets, and short-tailed albatross.
10.5

Summary of Effects to Bull Trout, Marbled Murrelets, and Short-tailed Albatross

The following table (Table 48) provides a summary of the stressors analyzed above and the
estimated number of bull trout, marbled murrelets, and short-tailed albatross injured or killed per
year, and the total area where adverse effects will occur for the different activities conducted by
the Navy.
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Table 48. Summary of all groups/individual bull trout, marbled murrelet, or short-tailed
albatross where adverse effects are reasonably certain to occur.
Sonar
Marbled
Bull
Murrelet
Inland
Trout km2
Groups
m2
Location
Activity / Exercise
Acoustic Component Test Pierside Integrated
Swimmer Defense (boat or
pierside) & Shipboard
Protection Systems and
Swimmer Defense Testing Bangor and
Pierside Integrated
MF8
0
n/a
1.2
435,840
Keyport
Swimmer Defense
Helicopter rotor wash
Marbled
Bull
Murrelet
km2
2
Inland
Trout km
Groups
/ nm2
Location
Activity / Exercise
Hood Canal
and
Mine Neutralization – EOD,
Crescent
Search and Rescue,
Harbor
Personnel Insertion and
Ranges,
Extraction – NonNavy 7, and Submersible, and Maritime
various
Homeland Defense/
locations in
Security Mine
Puget
Countermeasures Integrated
All
0
n/a
6.6
26.8/7.8
Sound
Exercises
Explosions (Underwater)
Marbled
Bull
Murrelet
km2
Inland
Trout km2
Groups
/ nm2
Location
Activity / Exercise
Crescent
Harbor
< E1
60
3
Range
Mine Neutralization – EOD
Crescent
Harbor
E3
60
13
Range
Mine Neutralization – EOD
BangorHood Canal
and
Crescent
Harbor
E3
3.2
25.5/7.4
Ranges
Mine Neutralization – EOD
Total
120
16
3.2
25.5/7.4
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Table 48. Summary of all groups/individual bull trout, marbled murrelet, or short-tailed
albatross where adverse effects are reasonably certain to occur.
Marbled
Short2
2
Bull
km / Murrelet
km
tailed
km2
Activity /
Offshore Trout nm2
Groups
/ nm2
Albatross
/ nm2
Exercise
Explosive
sonobuoy for
Maritime Patrol
Aircraft (Sound
115 /
Underwater
E3
0
n/a
1.08
33.5
0
n/a
Signal)
Explosive
sonobuoy for
Maritime Patrol
Aircraft
(Improved
293 /
Extended Echo
E4
0
n/a
2.77
85.5
0
n/a
Ranging)
408 /
Total
0
n/a
3.85
119
0
n/a
Explosions (In-air, including all stressors from explosive projectiles)
Marbled
Short2
2
Bull
km / Murrelet
km
tailed
km2
Activity /
2
2
Offshore Trout nm
Groups
/ nm
Albatross
/ nm2
Exercise
Med-caliber
explosive
projectiles from
Surface-to-Air
and Surface-to1,988 /
30,437 Surface Gunnery
E1
0
n/a
18.8
580
5.5
/ 8,874
Exercises
Lg-caliber
explosive
projectiles from
Surface-to-Air
and Surface-to508 /
7,409 / Surface Gunnery
E5 / E3
0
n/a
4.8
148
1.3
2,160
Exercises
2,496 /
37,846/
Total
0
n/a
23.6
728
6.8
11,034
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Table 48. Summary of all groups/individual bull trout, marbled murrelet, or short-tailed
albatross where adverse effects are reasonably certain to occur.
Non-explosive Projectiles
Marbled
ShortBull
km2 / Murrelet
km2
tailed
km2
Activity /
2
2
2
Offshore Trout nm
Groups
/ nm
Albatross
/ nm
Exercise
Sm-caliber
projectiles for
Surface-to5,319 / Surface Gunnery
In-air
0
n/a
1.17
124 / 36
0.79
1,551
Exercises
Med-caliber
projectiles for
Surface-to-Air
and Surface-to965 /
13,834 Surface Gunnery
In-air
0
n/a
9.1
281
2.1
/ 4,033
Exercises
Lg-caliber
projectiles for
Surface-to-Air
and Surface-to754 /
10,414 Surface Gunnery
In-air
0
n/a
7.1
220
1.6
/ 3,036
Exercises
1,844 /
29,567
Total
0
n/a
17.4
538
4.5
/ 8,620

Inland &
Offshore

All Total

Bull
Trout

120

2

km

Summary Table
Marbled
ShortMurrelet
km2
tailed
Groups
/ nm2
Albatross

16

55.9

4,801 /
1,400

11.3

km2
/ nm2
67,413
/
19,654

Activity /
Exercise
All combined
over 20 years

Note that the habitat areas listed here are the total cumulative habitat areas affected over 20 years (i.e., the sum of all
individual areas of effect), and the number of individual fish or birds listed is the number of individuals we expect to
be exposed cumulatively over 20 years.

11 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 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.
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Within Puget Sound, all State, tribal, local, and private actions are required to obtain a U.S.
Army Corps of Engineers permit for work conducted in, over, or under navigable waters under
the authority of Section 10 of the Rivers and Harbors Act and/or for the discharge of dredged or
fill material under Section 404 of the Clean Water Act. Therefore new actions will require
section 7 consultation with the Service.
However, bull trout and marbled murrelets will continue to be affected by ongoing activities
within Puget Sound and along rivers and streams draining into Puget Sound. Threats to Puget
Sound habitat quality include population growth, shoreline development and armoring,
urbanization that increases the amount of impervious surfaces, pressures on water supplies,
filling of wetlands, and water and air pollution (Washington Department of Ecology 2015).
Within the next 5 years, the population in the Puget Sound region is estimated to grow by
700,000 people.
Population increases results in higher levels of toxic chemicals entering Puget Sound from
surface runoff, groundwater discharges, and municipal and wastewater outfalls. These
contaminants include oil, grease, PCBs, and heavy metals. Many areas surrounding Puget Sound
are highly urbanized with development spreading to the surrounding areas and converting
agriculture and forested lands to impervious surfaces. Degraded water quality results in
metabolic stress; avoidance responses which prevent or discourages free movement, reduced
locomotor performance, and impaired olfactory responsiveness which may compromise growth,
long-term survival, and reproductive potential.
Within the Olympic MOAs, non-federal lands are managed primarily for timber production.
Some non-federal lands have no restrictions on harvest of suitable marbled murrelet habitat.
Therefore, a landowner could harvest timber (habitat) without a pre-harvest survey, potentially
resulting in the loss of suitable habitat for marbled murrelets.
Marbled murrelets and short-tailed albatross in the Offshore Area are threatened by continued
overfishing, pollution, shipping, and oil and gas development (World Wildlife Federation 2015).
Many of these actions are currently present, but are expected to increase in the future.
Approximately 90 percent of the world’s fisheries are already overfished threatening the ocean
life and habitat. The shipping industry is increasing the size of ships carrying containers and
cargo goods increase oil spills, dumping of rubbish ballast water, and oily waste. Oil and gas
exploration poses a major threat to sensitive marine habitats and species. The Offshore Area and
the oceans are dumping grounds for all the sewage, garbage, pesticides, plastics, and other
pollutants that threaten short-tailed albatross and marbled murrelets.
For short-tailed albatross, contaminants and floating plastics and debris will continue to pose a
threat to their recovery as both affect survival through reduced growth, decreased reproduction,
and egg and chick survival, thereby limiting their population growth. Bull trout and marbled
murrelets will continue to have direct and indirect effects to the species and their designated
critical habitat from human population growth and its associated urbanization and development
through habitat degradation, fragmentation, degraded water quality, and impacts to marine forage
fish. These effects, especially in the Puget Sound area, will likely adversely influence
reproduction and abundance of murrelets, and the distribution and abundance of bull trout.
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12 INTEGRATION AND SYNTHESIS
The Integration and Synthesis section is the final step in assessing the risk posed to listed
resources as a result of implementing the proposed action. In this section, we consider the
significance of the effects of the proposed action, taken together with cumulative effects, relative
to the status and conservation needs of listed resources and the conservation role of the action
area. This analysis informs our biological opinion as to whether the proposed action is likely to
appreciably reduce the likelihood of both survival and recovery of the species in the wild by
reducing its numbers, reproduction, or distribution.
12.1

Bull Trout

In the Environmental Baseline, Status of the Species, Effects of the Action, and Cumulative
Effects sections of the Opinion, we established that the effects of past and ongoing activities in
the Crescent Harbor and Naval Base Everett action area would maintain the existing habitat
conditions. Residential development, urbanization, and degradation or elimination of nearshore
marine and estuarine habitats are the main threats to bull trout in the nearshore marine
environment. The marine waters of Puget Sound are critical in supporting the bull trout
anadromous life history form that is not found in any other Recovery Unit.
Bull trout present in the Crescent Harbor and Naval Base Everett action area 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 20 local populations and has the highest
abundance of these three core areas with the number of adults ranging between 5,000 and 10,000
(USFWS 2008a). The Lower Skagit core areas is considered at “low risk” of extirpation due to
habitat degradation and population declines from upland/riparian land management, flood
control, agriculture practices, residential development, urbanization, climate change, and fish
passage issues. The Snohomish/Skykomish River core area has four local populations and
approximately 1,000 to 2,500 adults (1/10th the population of the Skagit River core area). The
population trend has been decreasing over the past five years and there is a potential risk for
extirpation from threats such as flood control measures (bank armoring, levees), recreational
mining, residential development, urbanization, and fish passage issues. The Stillaguamish River
core area consists of three local populations and has an even smaller population with fewer than
250 adults. The population trend is declining and the overall status is at risk for extirpation due
to upland/riparian land management, recreational mining, forest management, residential
development, urbanization, fish passage issues, and genetic drift.
The overall condition of the environmental baseline at Crescent Harbor and Naval Base Everett
is influenced by on-going activities that occur within watersheds that drain into Puget Sound.
Navy activities at NAS Whidbey Island have resulted in some of the shorelines along Crescent
Harbor at the installation being armored and modified. 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 contribute sediments to the beaches around 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 °C 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 (less than 5 mg/L). A variety of
habitats are found throughout the action area including shallow subtidal bays, mud flats, and
open mixed-coarse beaches.
Naval Base Everett is located within a highly urbanized area and its entire shoreline is riprapped
and contains seawalls. No aquatic vegetation is located in or around Naval Station Everett, and
the aquatic habitat is significantly degraded due to the presence of riprap, seawalls, and
overwater structures.
12.1.1

Effects to Bull Trout Populations

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 is directly connected to the action area, and supports
more bull trout than either of the other two core areas, most bull trout exposed to < E1 and E3
detonations in Crescent Harbor are likely to be from the Lower Skagit River core area. Some of
the bull trout exposed may also be from the Snohomish/Skykomish or Stillaguamish River core
areas. However, very few bull trout from the Stillaguamish or the Snohomish/Skykomish core
areas are expected to be in Crescent Harbor based on the much lower abundance of bull trout in
those core areas and greater distances from the EOD site.
Bull trout exposed to mid-frequency sonar at Naval Base Everett that exceeds 221 dB SEL re: 1
Pa2-sec would be injured if exposure occurred for a sufficient duration. The Service is not
reasonably certain such exposure will occur and, as a result, we do not anticipate populationlevel effects.
We expect that up to six bull trout will be injured or killed per year due to detonations of <E1
and E3 charges within Crescent Harbor. The loss of six bull trout per year will not lead to an
appreciable reduction in the likelihood of survival and recovery of the species in the Puget Sound
region of the Coastal RU because: 1) the majority of bull trout likely to be in the action area and
exposed to high SPLs are expected to be from the Skagit core area; 2) the Skagit River core area
currently has a robust, self-sustaining population (5,000 to 10,000 adults), an increasing
population trend, and is the largest population in Washington; and 3) given the low populations
and distance from the project site, we expect few bull trout from the Snohomish/Skykomish or
the Stillaguamish River core areas to be present in the Crescent Harbor action area.
The three core populations of bull trout in the action area are considered to be sufficiently
resilient to the loss of three individuals per year, such that we do not expect an appreciable
reduction in the likelihood of persistence at either the core area or the RU scale. Therefore, the
effects of the proposed action, in consideration of the cumulative effects, are not expected to
appreciably reduce the likelihood of survival and recovery of the bull trout through a reduction in
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reproduction, numbers, or distribution, at the scale of the core area and RU. 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 RU.
12.2
12.2.1

Marbled Murrelet
Range-wide Status Summary

Murrelet populations have declined at an average rate of 1.2 percent per year since 2001. The
most recent population estimate for the entire Northwest Forest Plan area in 2013 was 19,700
murrelets (95 percent CI: 15,400 to 23,900 birds) (Falxa and Raphael 2015, p.7). While the
overall trend estimate is negative (-1.2 percent per year), this trend is not conclusive because the
confidence intervals for the estimated trend overlap zero (95 percent CI:-2.9 to 0.5 percent),
indicating the murrelet population may be declining, stable, or increasing at the range-wide scale
(Falxa and Raphael 2015, pp. 7-8).
Murrelet population size and marine distribution during the summer breeding season is strongly
correlated with the amount and pattern (large contiguous patches) of suitable nesting habitat in
adjacent terrestrial landscapes (Falxa and Raphael 2015, p. 156). Monitoring of murrelet nesting
habitat within the Northwest Forest Plan area indicates nesting habitat has declined from an
estimated 2.53 million acres in 1993 to an estimated 2.23 million acres in 2012, a total decline of
about 12.1 percent (Falxa and Raphael 2015, p. 89). The largest and most stable murrelet
subpopulations now occur off the coast of Oregon and northern California, while subpopulations
in Washington have experienced the greatest rates of decline (-5.1 percent per year; 95 percent
CI: -7.7 to -2.5 percent) (Falxa and Raphael 2015, p. 8-11). Rates of nesting habitat loss have
also been highest in Washington, primarily due to timber harvest on non-Federal lands (Falxa
and Raphael 2015, p. 124), which suggests that the loss of nesting habitat continues to be an
important limiting factor for the recovery of murrelets.
Factors affecting murrelet fitness and survival in the marine environment include: reductions in
the quality and abundance of murrelet forage fish species through overfishing and marine habitat
degradation; murrelet by-catch in gillnet fisheries; murrelet entanglement in derelict fishing gear;
oil spills; and high levels of underwater sound pressure generated by pile-driving and underwater
detonations (USFWS 2009a, pp. 27-67). While all of these factors are recognized as stressors to
murrelets in the marine environment, the extent that these stressors affect murrelet populations is
unknown (USFWS 2012b). As with nesting habitat loss, marine habitat degradation is most
prevalent in the Puget Sound area where anthropogenic activities (e.g., shipping lanes, boat
traffic, shoreline development) are an important factor influencing the marine distribution and
abundance of murrelets in Conservation Zone 1 (Falxa and Raphael 2015, p. 163).
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12.2.2

Threats to Murrelet Survival and Recovery

Since it was listed under the ESA, the murrelet population has continued to decline in portions of
its range as a result of poor reproduction and recruitment. The Recovery Implementation Team
for the murrelet identified the following major factors that appear to be contributing to this
decline (USFWS 2012b, pp. 10-11):
•

Ongoing and historic loss of nesting habitat;

•

Predation on murrelet eggs and chicks in their nests;

•

Changes in marine conditions that affect the abundance, distribution, and quality of
murrelet prey species;

•

Post-fledging mortality (e.g., due to predation, entanglement in gill-nets, and exposure to
oil-spills); and

•

Cumulative and synergistic effects of various factors affecting individuals and
populations.

Climate change is also considered to be a threat to murrelet survival and recovery. Although
seabirds, such as the murrelet, have life-history strategies adapted to variable marine
environments, ongoing and future climate change could present changes at a frequency and
scope that exceeds their capacity to adapt in a timely and effective manner (USFWS 2009a, p.
46).
12.2.3

Murrelet Conservation Needs

Reestablishing an abundant supply of high quality murrelet nesting habitat is a vital conservation
need given the extensive removal of that habitat during the 20th century. Much of the federal
lands managed under the Northwest Forest Plan that currently do not support murrelet nesting
habitat are expected to transition into mature and older-forest habitat over the next few decades
(Raphael et al. 2011, p. 44). In addition to increasing nesting habitat, there are other
conservation imperatives. Foremost among those is increasing murrelet reproductive success
and productivity (i.e., 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 in marine and terrestrial habitat that reduce individual murrelet fitness or
lead to mortality.
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General criteria for murrelet recovery and delisting are established under the murrelet recovery
plan. More specific delisting criteria are expected to be developed in the future to address
population, demographic, and habitat-based recovery criteria (USFWS 1997b, p. 114-115). The
general criteria include:
•

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 Service estimates recovery of the murrelet will require at least 50 years (USFWS
1997b).
12.2.4
12.2.4.1

Summary of the Environmental Baseline in the Action Area
Inland Waters of Puget Sound and the Strait of Juan de Fuca

Most of the training and testing activities proposed to occur in the inland waters of Puget
Sound/Strait of Juan de Fuca are focused in specific areas that have been used by the Navy as
training areas for decades. These specific training areas (e.g., Bangor, Keyport, Everett, etc.) are
characterized by high vessel traffic and extensive shoreline developments from naval piers and
facilities. They occupy a relatively small area within the larger Puget Sound/Strait of Juan de
Fuca marine system and provide marine foraging habitat for murrelets. These areas support
relatively low densities of murrelets during the summer months, and increased densities during
the winter months as result of the seasonal migration of murrelets from British Columbia to the
inland waters of Puget Sound (Speich and Wahl 1995, p. 325).
The Service previously consulted with the Navy on various activities in these areas and
concluded that low numbers of murrelets were likely to be injured or killed by excessive sound
pressure levels caused by underwater explosives and marine pile-driving projects. The murrelet
population in Conservation Zone 1 has declined over the past two decades due to multiple
environmental and anthropogenic stressors that reduce murrelet productivity and survival. As
the population has declined, average densities of murrelets within the training areas have
declined as well. The population estimate for Zone 1 in 2015 was 4,290 murrelets (95 percent
CI: 2,783 – 6,942), with a -5.3 percent average annual rate of decline for the 2001 – 2015 period
(Lance and Pearson 2016, p. 4).
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12.2.4.2

Offshore Areas

The proposed offshore testing and training areas extend west along the Pacific coastlines of
Washington, Oregon, and northern California from a distance of 22 km to 463 km (12 nm to 250
nm) off the coastline. This is a vast area that encompasses a marine surface area of
approximately 160,500 square miles (415,693 km2/121,197 nm2). These waters occur outside of
murrelet conservation zones, which were defined as encompassing marine waters within a
distance of 1.2 miles (2 km/1.1 nm) of the shoreline (USFWS 1997b, p. 135). While the summer
distribution of murrelets is well documented as occurring primarily in nearshore waters, the
winter distribution of murrelets is poorly documented but does include a few observations of
murrelets in offshore areas. Based on the best available information, we are reasonably certain
that murrelets occur in low densities in the offshore waters out to a distance of 92.6 km (50 nm)
from shore, and that murrelets that occur in these waters during the fall/winter seasons likely
represent a mixed population originating from multiple Conservation Zones.
The factors affecting murrelets in offshore waters are largely driven by climate and
oceanographic conditions that drive patterns of ocean upwelling, sea-surface temperature, and
productivity of marine food webs (Becker and Beissinger 2003a, p. 2003). These factors are
affected by climate change, and strong climatic events such as El Nino are expected to negatively
affect murrelet reproduction and survival due to a reduction in marine productivity (USFWS
2009a, pp. 40-45). While the Navy has conducted training activities in these offshore waters for
decades, the Service has not previously considered the impacts of those activities on the murrelet
due to a lack of information on murrelet occurrence in these offshore waters. At this time, it is
not possible to distinguish the extent to which these ongoing training activities have contributed
to the observed trends in murrelet Conservation Zone populations since 2001. Based on best
available information, the primary factors influencing the condition of the murrelet at the rangewide population scale are the loss of suitable breeding habitat, nest predation, declines in marine
prey species, and degradation of the marine environment in nearshore marine waters caused by
oil spills, murrelet entanglement in gill nets, and derelict fishing gear. Past Navy training
activities have not been considered a significant factor influencing the reproduction, numbers,
and distribution of the murrelet.
12.2.5

Summary of the Effects of the Proposed Action on Murrelets

Individual murrelets that are exposed to explosions and elevated sound pressure levels may be
killed or injured depending on their proximity to the source of these stressors. Possible injuries
include loss in hearing sensitivity (TS), scarred or ruptured eardrums, or gastrointestinal tract
lesions. Although affected murrelets may survive their exposure to these and other stressors,
they are likely to have a reduced level of fitness and reproductive success and have a higher risk
of predation. Exposed individuals may also experience: lethal injuries that occur instantaneously
or over time; direct mortality; lung hemorrhaging; ruptured livers; hemorrhaged kidneys;
ruptured air sacs; and/or coronary air embolisms.
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Murrelets that experience TS are expected to have damaged hair cells in their inner ears and, as a
result, may not be able to detect biologically relevant sounds such as approaching predators or
prey, and/or hear their mates or young attempting to communicate. Murrelets that lose their
hearing sensitivity are at increased risk of predation and reduced foraging efficiency. Some
affected murrelets may regain some or all of their hearing sensitivity; however, they are still
temporarily at risk while experiencing TS.
Murrelets that are exposed to other stressors caused by training activities such as exposure to
helicopter rotor wash, but do not experience TS, are likely to experience interrupted foraging
bouts or resting attempts, which creates a likelihood of injury by significantly disrupting normal
behaviors (as a result of their diving repeatedly or vacating the area). Foraging efficiency is
likely to be reduced, and energy expenditures are likely to be increased above normal when they
flush and/or relocate out of the area. Murrelets are also likely to increase their diving efforts in
response to these lost foraging opportunities, or to replace prey dropped or swallowed, or to
escape from perceived predators (i.e., helicopters and boats). In the Olympic MOAs, nesting
murrelets are likely to be exposed to various levels of aircraft noise caused by the proposed
training activities. Murrelets are likely to exhibit periods of increased vigilance and alerting
behavior in response to aircraft sound and presence, but exposure to distant aircraft overflights is
not likely to cause a disruption of normal murrelet nesting behaviors or result in fitness
consequences.
In the analyses presented above in the Effects of the Action section, the estimated areas of
exposure encompass the full range of adverse effects, from temporary TS to direct mortality. We
then used models to estimate probabilities of murrelet exposure to stressors generated by training
activities based on the area of effect, estimated number of training events, and assumed densities
of murrelets, which vary by season and decline over time. Table 49 summarizes our estimates of
the cumulative amount of marbled murrelet habitat that will be affected (i.e., the sum of all
individual areas of effect), and the estimated number of murrelets exposed to stressors caused by
the proposed action over 20 years.
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Table 49. Summary of estimated marine habitat areas within Inland Waters and Offshore Areas
where marbled murrelets may be exposed to stressors causing injury, mortality, or other
significant adverse effects, the expected numbers of individuals that may be exposed, and the
expected numbers of individuals reasonably certain to be exposed (according to “reasonably
certain” scenario).
Cumulative estimated area of
Estimated numbers of murrelets
Stressors
marine habitat exposed to
expected to be exposed over 20
adverse effects over 20 years
years
(exposure is not
discountable,
regardless of
whether
(exposure is
exposure is
reasonably
reasonably
Stressors in
nm2
km2
certain)
certain)
Inland Waters
3
Sonar (MF1 and
2
(MF1 and MF8)
MF8)*
2
7
(MF8 only)
8
Explosives
7
(SWAG
and E3)
(underwater)**
9
31
(E3 only)
13
Helicopters
8
27
13
24
Inland Waters –
Totals
11
38
22
Stressors in
Offshore Areas
(12 to 50 nm
from shore)
Explosives
(underwater)
Explosive
projectiles (inair)
Projectiles
(non-explosive)
Non-explosive
practice bombs
Offshore Waters
Totals
*

8
123

422

8
47

728

2,496

47
35

537

1,842

35
1

14

48

n/a
91

1,398

4,795

90

Effects of these stressors are expected to affect the same small habitat areas repeatedly. Each effect is counted
separately in the cumulative habitat estimate.

** Effects of these stressors are expected to be geographically confined to approximately 5 km2 (1.5 nm2) at
Crescent Harbor and 1 km2 (0.3 nm2). Each effect is counted separately in the cumulative habitat estimate, and
most or all portions of the geographic areas will be affected repeatedly.
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12.2.5.1

Effects to Murrelet Populations

The 1997 Recovery Plan for the Marbled Murrelet (USFWS 1997b) identified six Conservation
Zones throughout the range of the listed species. Recovery zones are the functional equivalent of
recovery units as defined by Service policy (USFWS 1997b, p. 115). The murrelet
subpopulations in each Zone are not discrete. There is some movement of murrelets between
Zones as indicated by radio-telemetry studies (e.g., Bloxton and Raphael 2006, p. 162), but the
degree to which murrelets migrate between Zones is unknown. For the purposes of consultation,
the Service treats each of the Conservation Zones as separate sub-populations of the listed
murrelet population.
In this analysis, we associate the effects of the proposed action in the inland waters to the
murrelet population in Conservation Zone 1, while the effects in the offshore areas are associated
with murrelet populations in Conservation Zones 2 through 6.
12.2.5.1.1 Inland Waters of Puget Sound and the Strait of Juan de Fuca - Conservation Zone 1
The subpopulation estimate for Zone 1 in 2015 was 4,290 murrelets (95 percent CI: 2,783 –
6,942) (Lance and Pearson 2016, p. 4). Due to the nature of the survey protocol and seasonal
variation in the distribution of murrelets, there is a high level of variation in the annual
population estimates (Figure 20). Despite this annual variation, the monitoring surveys indicate
the murrelet population in Conservation Zone 1 has declined at an average rate of -5.3 percent
(95 percent confidence interval -2.0 percent to -8.4 percent) per year for the period from 2001 to
2015 (Lance and Pearson 2016, p. 4) (Figure 20).
Considering the upper and lower estimates of population size and trend, the murrelet
subpopulation in Zone 1 is likely to decline to a level where the population is in the range of
≥ 4,000 to ≤ 500 murrelets over the next 20 years (Figure 20).
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Figure 20. Summary of marbled murrelet population estimates in Conservation Zone 1 from
2001 to 2015, with mean, upper, and lower trend estimates projected through 2035.

To estimate the number of murrelets exposed to stressors caused by the proposed action, we used
the average of the mean population estimates in Zone 1 for the period from 2010 to 2014, and
then applied the average rate of decline to murrelet density in the action area over time. The
exposure model used for the analysis of the “reasonably certain” scenario showed an expected
number of approximately 11 murrelets exposed to sub-lethal or lethal injuries caused by the
proposed action over a period of 20 years. Not all exposed murrelets are expected to be killed or
removed from the breeding population. However, to evaluate the potential subpopulation effects
at the scale of Conservation Zone 1, we applied the reasonable worst-case assumption that
murrelets exposed to these injurious effects would be permanently removed from the population
over the next 20 years. We expect that an additional 13 murrelets will be exposed to stressors
associated with helicopters that will result in increased energetic costs, which are associated with
fitness consequences and an increased likelihood of injury. However, we have not assumed that
murrelets exposed to helicopters will be removed from the population. This analysis also
accounts for the effects of reduced murrelet fitness and productivity that have resulted from all
other past and present activities occurring in the action area because the overall rate of
population change (lambda) captures all of the various population stressors that drive the
population trends (annual survival, breeding rates, nesting success, immigration, emigration,
etc.).
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The current estimates of the mean baseline population trend indicate the murrelet population in
Zone 1 is likely to decline by approximately 50 percent over the next 13 years. In the context of
this declining baseline trend, the loss of up to 11 murrelets over 20 years would not appreciably
influence the background trend. Using the mean estimates of current population size, (rather
than upper or lower estimates), if the current trend continues, within 20 years, the estimated
murrelet population in Conservation Zone 1 is likely to decline to an estimated 1,638 birds. With
Navy training effects, the population is likely to decline to an estimated 1,632 birds within 20
years, a difference of six birds. This is 99.63 percent of the number of murrelets remaining
compared to the average baseline trend (-0.37 percent difference) (Table 50).
Considering the high level of annual variation in Zone 1 population estimates, and the fact that
our estimates of birds exposed account for seasonal emigration of birds from British Columbia
into the Zone 1 population, the population-level effects at the scale of the Zone 1 population are
immeasurable from the background trends.
Table 50. Simple estimates of murrelet population change in Conservation Zone 1 with a
comparison of the baseline trend and the trend with murrelets removed by Navy training actions.
Zone 1
Percent
murrelets with
Zone 1
Zone 1 murrelet
difference in
average trend
murrelets
trend with birds
original
(-5.3%) decline
removed per
removed from
population over
Year
per year
year
the population
time
0
4,867
0.0
4,867
100.00%
1
4,609
0.90
4,608
99.98%
2
4,365
0.85
4,363
99.96%
3
4,134
0.81
4,131
99.94%
4
3,914
0.77
3,912
99.93%
5
3,707
0.73
3,704
99.91%
6
3,511
0.69
3,507
99.89%
7
3,324
0.65
3,320
99.87%
8
3,148
0.62
3,144
99.85%
9
2,981
0.58
2,976
99.83%
10
2,823
0.55
2,818
99.81%
11
2,674
0.52
2,668
99.80%
12
2,532
0.50
2,526
99.78%
13
2,398
0.47
2,392
99.76%
14
2,271
0.44
2,265
99.74%
15
2,150
0.42
2,144
99.72%
16
2,036
0.40
2,030
99.70%
17
1,929
0.38
1,922
99.68%
18
1,826
0.36
1,820
99.67%
19
1,730
0.34
1,723
99.65%
20
1,638
0.32
1,632
99.63%
Total =
11
Notes: The starting population size (n = 4,867) was derived by averaging the mean population estimates for the
period from 2010 to 2014 (n = 5,448), and then applying the trend (-5.3 %) to estimate the starting population size.
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To characterize the marine habitat effects of the proposed action, we modeled estimates of
marine surface area within which murrelets are likely to be exposed to explosions or sound
pressure levels that are likely to cause injury or death. In inland waters, the cumulative area of
habitat affected annually (i.e., the sum of all areas of effect for a given year) for injury or
mortality is relatively small, 1.3 km2, and these areas are located in the vicinity of established
Naval bases where there is a high background level of vessel and aircraft traffic and existing
shoreline developments. Likewise, the exposure area for non-injurious disturbance effects from
helicopters is also relatively small, estimated at approximately 1.34 km2 per year. Zone 1
encompasses over 3,497 km2 of nearshore marine waters (Falxa and Raphael 2015, p. 41) that
provide foraging habitat for murrelets, so the relative area exposed to training-caused stressors at
levels that are likely to kill or injure murrelets, viewed in the context of the larger Puget
Sound/Straits marine system, is comparatively small. While the Navy’s actions represent a
continued source of impact and degradation at the scale of these existing training areas, the
effects of the proposed action do not constitute a significant expansion of training areas within
inland waters, or a permanent loss or degradation of marine foraging habitat. The average at-sea
home range of murrelets during the summer nesting season in Zone 1 has been estimated at 700
km2, with frequent movements of birds across large areas of the Straits and the San Juan Islands
(Bloxton and Raphael 2006, p. 162). Given the murrelet’s capacity to forage across large areas
of marine habitat, the proposed action is not expected to affect the distribution of murrelets in
Zone 1, or measurably affect the conservation role of marine waters to provide foraging habitat
for murrelets within Zone 1.
In summary, we expect about 11 murrelets will be exposed to lethal or non-lethal stressors
caused by the proposed action within the inland waters over the next 20 years. Although this
impact is measureable in terms of those individuals, it is not likely to have an appreciable
influence on reproduction, numbers, and distribution of the murrelet at the population scale at
both the action area and range-wide scales. The current condition of the murrelet at both of those
scales is not likely to appreciably change with implementation of the proposed action.
Implementation of the proposed action is not likely to result in the loss of murrelet breeding
habitat, is not likely to appreciably reduce the growth rate of the murrelet population, and is
likely to have only localized adverse effects to murrelets in the marine environment.
12.2.5.1.2 Offshore Areas – Conservation Zones 2-6
Navy activities in offshore areas encompass a broad range of activities that will expose large
areas of marine waters to explosives and excessive sound pressure levels. We do not know the
full extent that murrelets occur in the offshore waters during the fall/winter seasons. For this
analysis, we developed two exposure models. One model assumed murrelet occurrence out to a
distance of 250 nm offshore (referred to above as the “reasonable worst-case” scenario), and the
other model assumed murrelet occurrence out to a distance of 50 nm offshore (referred to above
as the “reasonably certain” scenario). Within the listed range of the species, murrelet occurrence
beyond 50 nm from shore has not been documented. Therefore, we did not rely on the
“reasonable worst case” model outputs to determine the number of murrelets likely to be exposed
to stressors. In the “reasonably certain” scenario model, murrelet densities are very low. Even at
these low densities, the cumulative probability of exposure was high enough that we estimated
four to five murrelets per year would be injured or killed, with a total cumulative estimate of
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approximately 91 murrelets injured and/or killed over 20 years. Not all exposed murrelets are
expected to be killed or removed from the population. However, to evaluate the potential
population effects, we applied a reasonable worst-case assumption that murrelets exposed to
project effects would be permanently removed from the population over the next 20 years.
This analysis is useful in providing an estimate of the potential exposure of murrelets to these
stressors if murrelets are dispersed throughout the offshore areas out to 50 nm. The evidence of
murrelet distribution in the offshore waters is limited, but the available data suggest that murrelet
densities decline with increasing distance from shore, indicating our analysis likely overestimates
the number of murrelets exposed to stressors caused by the proposed training activities in the
offshore waters.
For the purpose of this Section 7(a)(2) analysis, we assume that the expected number of
murrelets derived from our exposure model (2) provides a reasonable basis to evaluate the effects
of the proposed action to murrelet populations. The exposure analysis assumes that murrelets
within the offshore waters represent a mixed population that includes all individuals from
Conservation Zones 2, 3, and 4, and 10 percent of individuals from Conservation Zone 5 and
Zone 6. Based on the relative distribution of the murrelet populations across Conservation
Zones, over 90 percent of the exposed individuals in the offshore areas are likely to originate
from Conservation Zones 3 and 4 (Oregon and northern California) (Table 51).
Table 51. Relative distribution of murrelets exposed to stressors caused by the proposed action
in Offshore Areas.
Relative
Expected
Average
2013
Percent of
distribution
number of
number of
population
Zone
of murrelets
murrelet
murrelets
Conservation
estimates
population in
in Offshore
exposed over exposed per
Zone
(mean)
Offshore Area Area by Zone
20 years
year
0
Zone 1
4,395
0
0
0
Zone 2
1,271
100 %
8%
7
0.4
Zone 3
7,880
100 %
52 %
47
2.4
Zone 4
6,046
100 %
40 %
37
1.8
Zone 5
71
10 %
0.05%
0
0
Zone 6
628
10 %
0.4 %
0
0
4.6
Totals
20,291
100 %
Sources: Falxa and Raphael (2015); Henry and Tyler (2014).

12.2.5.1.3 Conservation Zone 2 – Washington Coast
The murrelet population in Zone 2 increased from an estimated 1,271 birds in 2013, to an
estimated 3,204 birds in 2015 (Lance and Pearson 2016, p. 5), indicating that the relative
distribution of murrelets in offshore areas presented above (Table 51) is likely to change over
time as murrelet populations change. We do not know why there has been such a dramatic
increase in the Zone 2 population, but note that as murrelets in Zone 2 have increased over the
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past three years, there has been a decline in the estimated murrelet population in Zone 1 over the
same period. Given the observations of murrelets foraging over large marine areas in
Washington, there may have been a shift in the summer distribution of birds from inland waters
of Zone 1 to the outer coast of Washington during this period. With the substantial increase in
the estimated murrelet population in Zone 2, the annual rate of population change (since 2001)
has increased from a -6.7 percent annual decline (2013) to a -2.8 percent (2015), and the 95
percent confidence intervals for the trend (-7.6 % to +2.3) now overlap zero, indicating no clear
trend in this population. The expected removal of less than one bird per year as a result of
proposed Navy training activities in offshore areas would not be measurable in the context of
these variable trends.
12.2.5.1.4 Conservation Zones 3 and 4 – Oregon and Northern California
The murrelet populations in Zones 3 and 4 have shown positive growth rates over the past 10
years. In 2012, the population estimate in Zone 3 was 6,359 murrelets, and the estimate in 2014
was 8,841 murrelets, indicating substantial growth or emigration. Similar patterns have been
observed in Zone 4, where populations have increased from an estimated 6,046 murrelets in
2013, to 8,743 murrelet in 2015 (NWFPEMP 2016). The estimated annual rate of population
change in these zones has been positive since 2001, indicating an overall cumulative change of
0.3 percent per year in Zone 3, and 2.5 percent per year in Zone 4 (Falxa and Raphael 2015).
The positive trends in Zone 3 and Zone 4 are driving the upper bounds of the range-wide
population estimates (+1.05 percent change per year) (Figure 21). The expected removal of
approximately one to three birds per year in Zones 3 and 4 as a result of proposed Navy testing
and training activities in offshore areas would not be measurable in the context of these positive
population trends.
12.2.5.1.5 Conservation Zones 5 and 6 – Central California Coast
The murrelet population in Zone 5 (estimated at 71 birds in 2013) is so small that we cannot
confidently predict any murrelets originating from Zone 5 will be killed or injured with
implementation of the proposed action because the potential for murrelet exposure to stressors
caused by the training activities is so small. In Zone 6, the estimate of the murrelet population
has ranged from roughly 400 to 600 murrelets during the period from 2010 to 2014 (Henry and
Tyler 2014). Although this population is larger, the number of murrelets expected to travel from
Zone 6 into the areas affected by the Navy testing and training activities is so small that we
cannot confidently predict that any murrelets originating from Zone 6 will be killed or injured as
a result of the proposed action.
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Figure 21. Summary of range-wide marbled murrelet population estimates for the Northwest
Forest Plan monitoring area from 2001 to 2014, with mean, upper, and lower trend estimates
projected through 2025.

Given the key assumption in our exposure model that murrelets are dispersed throughout coastal
waters from 0 to 50 nm offshore during the winter, we would expect up to 91 murrelets would be
killed or injured by Navy training and testing activities over the next 20 years. This equates to
an annual rate of four to five murrelets killed or injured across a vast area of offshore waters
from Washington to northern California. Although this impact is measureable in terms of those
individuals, it is not likely to have an appreciable influence on the reproduction, numbers, and
distribution of the murrelet at the population scale at both the action area and range-wide scales.
The largest populations of murrelets now occur offshore of Oregon and northern California.
There is strong evidence that these populations are increasing, and have the potential to double
the size of the listed population over the next 20 years at the upper end of the estimated
population growth rates (Figure 21). The current condition of the murrelet at the action area and
range-wide scales is not likely to change with implementation of the proposed action.
Implementation of the proposed action will not result in the loss of murrelet breeding habitat, is
not likely to appreciably reduce the growth rate of the murrelet population, and is likely to have
only localized adverse effects to murrelets in the marine environment.
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12.2.6

Summary of Cumulative Effects

Most of the factors influencing the current condition of the murrelet in the action area either have
a Federal nexus or are related to climate change. On that basis, the effects of the proposed action
taken together with cumulative effects are not likely to have an appreciable influence on
reproduction, numbers, and distribution of the murrelet at the population scale at both the action
area and range-wide scales. In addition, the current condition of the murrelet at both of these
scales is not likely to change with implementation of the proposed action in consideration of the
cumulative effects.
12.2.7

Overall Summary of Effects of the Action on Murrelet Numbers and Reproduction
Range-wide

Taking into account cumulative effects, a slight reduction in the numbers and reproduction of
murrelets is anticipated with implementation of the proposed action due to the loss of individuals
through direct mortality and reduced fitness of affected individuals that suffer non-lethal injuries.
Injured, breeding-aged adults would incrementally reduce either the number of murrelets
available for mating, the number of initiated nests, or the nesting success (fledging). The effects
to the reproductive productivity of affected murrelets will vary between individuals affected by
minor, recoverable injuries and those with permanent hearing loss or other injuries that reduces
their capacity to survive and successfully breed. A small change is anticipated in the potential
number of successfully breeding adults.
The murrelet population in Conservation Zones 1 through 5 was estimated at 19,700 murrelets in
2013, with an additional 600 murrelets estimated in Zone 6 for a total population size of roughly
20,300 murrelets. Current trend estimates indicate that murrelet populations in Oregon and
northern California are growing. The current abundance of murrelets appears to be sufficiently
high such that a small, incremental reduction in the future reproductive potential of the murrelet
population caused by the proposed action over the next 20 years would be undetectable. The
Navy’s testing and training actions covered in this consultation are ongoing actions occurring in
the Olympic MOAs, Puget Sound, the Strait of Juan de Fuca, and other coastal and offshore
areas. The number of murrelets that would fail to contribute to the reproduction of the listed
species as a result of being injured and killed by the proposed action represents a small portion of
the listed population.
The expectation that some murrelets injured by the proposed action are likely to survive and
continue to contribute to the breeding population, and the low numbers of murrelets likely to be
killed annually and over the next 20 years as a result of the proposed action leads us to conclude
that the anticipated incremental loss of murrelet numbers and reproduction as a result of the
proposed action will not be detectable from background rates of population growth and/or
decline observed in the Conservation Zones. Although the effect of the proposed action is
measureable in terms of individuals, it is not likely to have an appreciable influence on the
overall reproduction and numbers of murrelets at both the action area and range-wide scales
taking into account cumulative effects.
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12.2.8

Overall Summary of Effects of the Action on Murrelet Range-wide Distribution

The proposed action is not likely to affect the distribution of murrelets within the action area
because it would not result in the loss of any murrelet nesting habitat, which is identified as the
primary driver of the current population decline (USFWS 2012b). The essential conservation
role of the Olympia MOAs to provide nesting habitat necessary for murrelet survival and
recovery would not be precluded or diminished by the proposed action. The essential
conservation role of marine waters to provide prey resources necessary for murrelet survival and
recovery is not likely to be precluded or measurably reduced by the proposed action. Therefore,
the proposed action taken together with cumulative effects is not expected to affect the
distribution of murrelets in the action area or within the listed range of the species.
12.3
12.3.1

Short-tailed Albatross
Summary of the Species Status and Environmental Baseline

The range-wide population of the short-tailed albatross has been growing steadily. Based on
surveys at the breeding colonies on Torishima, the three-year running average of the population
growth rate between 2000 and 2013 ranges from 5.2 to 9.4 percent (USFWS 2014, p. 9). To
date, conservation efforts have largely focused on addressing the threats of habitat alteration and
loss due to catastrophic events and commercial fishing. Less effort has been invested to alleviate
threats to short-tailed albatross from climate change, ocean regime shift, and contaminants
including plastics.
Over three-quarters of the breeding population of short-tailed albatross nest on Torishima
(USFWS 2014, p. 3). There have been volcanic eruptions on Torishima that have killed large
numbers of birds and destroyed nesting habitat (Austin Jr 1949, p. 288). It is estimated that a
volcanic eruption on Torishima in the near future could kill as much as 54 percent of the world’s
population of short-tailed albatross (USFWS 2008b, p. 17). Conservation strategies for shorttailed albatross emphasize the importance of establishing breeding colonies on other islands to
hedge against losing a large proportion of short-tailed albatross from a single catastrophic event
(USFWS 2008b). By-catch of short-tailed albatross by commercial fisheries continues to be a
major conservation concern; efforts to address the threat are primarily focused on raising
awareness and use of seabird deterrents in the industry (USFWS 2014, p. 15).
The training and testing area along the west coast of the United States is used by juvenile and
sub-adult short-tailed albatross. As birds age they appear to spend more time in other parts of the
species range, especially in the marine waters of Alaska and the Aleutian Islands. The action
area does not include any current breeding habitat for short-tailed albatross.
12.3.2

Summary of the Effects of the Proposed Action, and Cumulative Effects

We estimate that 11 short-tailed albatross are likely to be killed, injured, or significantly
disturbed over the 20 years of the Navy’s testing and training activities. Short-tailed albatross
will be injured or killed as a result of exposure to in-air explosions and other stressors associated
with explosive munitions (7 short-tailed albatross over 20 years), and will also be injured or
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killed from being struck by non-explosive projectiles or exposed to projectile shockwaves or
muzzle blast associated with non-explosive munitions (4 short-tailed albatross over 20 years).
Injury from explosions and projectiles will occur within the testing and training area, and will be
limited to juvenile or sub-adult birds. There is also the potential for floating debris resulting
Navy’s proposed activities to be consumed by short-tailed albatross, but we are not reasonably
certain that actual injury will occur from such ingestion.
12.3.3

Effects to Short-tailed Albatross Survival and Recovery

It has been estimated that the population criteria for down-listing short-tailed albatross from
endangered to threatened (750 breeding pairs overall) was met in 2013. Furthermore, the
population standard for delisting short-tailed albatross (at least 1,000 breeding pairs and a
population greater than 4,000 birds) is expected to be surpassed in 2017 (USFWS 2014, p. 3).
The short-tailed albatross that will be injured or killed over the next 20 years due to the proposed
action will be insufficient to noticeably alter the current population size or the increasing
population trend and will therefore not appreciably affect recovery of the species. Down-listing
or delisting short-tailed albatross also requires growing breeding colonies on island groups other
than Torishima (USFWS 2008b, p. 41). While those standards have not been met (USFWS
2014, p. 3), the proposed action will not affect the breeding and nesting habitat available to
short-tailed albatross nor will it hinder efforts to expand the nesting range of the species.

13 CONCLUSION
13.1

Bull Trout

After reviewing the current status of the bull trout, the environmental baseline for the action area,
the effects of the proposed action, and the cumulative effects, it is the Service's Opinion that
implementation of the Navy’s Northwest Training and Testing Activities, as proposed, is not
likely to jeopardize the continued existence of the bull trout. Critical habitat for bull trout is
designated in the action area and the Service concurs with the Navy’s determination that the
proposed action is not likely to adversely affect designated critical habitat for the bull trout.
Therefore, the proposed action is not likely to destroy or adversely modify critical habitat for the
bull trout.
13.2

Marbled Murrelet

After reviewing the current status of the marbled murrelet, the environmental baseline for the
action area, the effects of the proposed action, and the cumulative effects, it is the Service's
Opinion that implementation of the Navy’s Northwest Training and Testing Activities, as
proposed, is not likely to jeopardize the continued existence of the marbled murrelet. While
critical habitat for the marbled murrelet has been designated in the action area, no effects to the
critical habitat are anticipated. Therefore, the proposed action is not likely to destroy or
adversely modify designated critical habitat for the marbled murrelet.
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13.3

Short-tailed Albatross

After reviewing the current status of the short-tailed albatross, the environmental baseline for the
action area, the effects of the proposed action, and the cumulative effects, it is the Service's
Opinion that implementation of the Navy’s Northwest Training and Testing Activities, as
proposed, is not likely to jeopardize the continued existence of the short-tailed albatross. The
Service has not designated critical habitat for the short-tailed albatross.

14 INCIDENTAL TAKE STATEMENT
Section 9 of the ESA and Federal regulation pursuant to section 4(d) of the ESA prohibit the take
of endangered and threatened species, respectively, without special exemption. Take is defined
under section 3(19) of the ESA to mean “…harass, harm, pursue, hunt, shoot, wound, kill, trap,
capture, or collect, or to attempt to engage in any such conduct.” Harm is further defined by the
Service 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 ESA as an intentional or negligent act or omission that 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(o)(2) of the ESA, taking that is incidental to and not intended as part of the agency action is not
considered to be a prohibited taking under the ESA 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 for
the exemption in section 7(o)(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 adhere to the terms and conditions of the incidental take
statement, the protective coverage of section 7(o)(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 Service as specified in this Incidental Take Statement pursuant to the requirements of 50
CFR 402.14(i)(3).

15 FORM AND AMOUNT OR EXTENT OF TAKE
15.1

Bull Trout

Based on the Effects of the Action analysis above, incidental take of the bull trout is reasonably
certain to occur in the form of harm. Pursuant to the authority of section 402.14(i)(1)(i) of the
implementing regulations for section 7 of the ESA, a surrogate can be used to express the
amount or extent of anticipated take if the following criteria are met: the causal link between the
surrogate and take is described; an explanation is provided as to why it is not practical to express
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the amount or extent of take or to monitor take-related impacts in terms of individuals of the
listed species; and a clear standard is set for determining when the level of anticipated take has
been exceeded.
As described in the effects analysis, we anticipate that the action will result in the take of 120
bull trout. However, in this case, a coextensive surrogate based on specific project components
is necessary to express the extent of take of the bull trout because it is not practical to monitor
take impacts in terms of individual bull trout due to the extremely low likelihood of finding dead
or injured individuals in the aquatic environment. The coextensive surrogate is the direct source
of the stressors causing the taking, and a clear standard for take exceedance can be established
under the monitoring requirements (below) using this surrogate. On that basis, the extent of take
of the bull trout covered under this Incidental Take Statement is described below by stressor
category using a coextensive surrogate.
15.1.1
•

15.2

E3 and <E1 Detonations
The extent of take (in the form of harm) of the bull trout is 3 E3 detonations and 18 < E1
detonations per year at the Crescent Harbor EOD Training Range site over the next 20
years.
Marbled Murrelet

Based on the Effects of the Action analysis above, incidental take of the marbled murrelet is
reasonably certain to occur in the form of harm and harass. Pursuant to the authority of section
402.14(i)(1)(i) of the implementing regulations for section 7 of the ESA, a surrogate can be used
to express the amount or extent of anticipated take if the following criteria are met: the causal
link between the surrogate and take is described; an explanation is provided as to why it is not
practical to express the amount or extent of take or to monitor take-related impacts in terms of
individuals of the listed species; and a clear standard is set for determining when the level of
anticipated take has been exceeded.
As described in the effects analysis, we anticipate that the action will result in the take of 112
marbled murrelets. However, in this case, a coextensive surrogate based on specific project
components is necessary to express the extent of take because it is not practical to monitor take
impacts in terms of individual marbled murrelets due to the extremely low likelihood of finding
dead or injured individuals in the aquatic environment. The coextensive surrogate is the direct
source of the stressors causing the taking, and a clear standard for take exceedance can be
established under the monitoring requirements (below) using this surrogate. On that basis, the
extent of take of the marbled murrelet covered under this Incidental Take Statement is described
below by stressor category using a coextensive surrogate.
15.2.1
•

MF8 Sonar
The extent of take (in the form of harm) of the marbled murrelet is 40 hours per year of
MF8 sonar emissions (half in the summer, half in the winter, on overage over a 5-year
period) within the Inland Waters Subunit over the next 20 years.
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15.2.2
•

15.2.3
•

15.2.4

E3 Detonations
The extent of take (in the form of harm) of the marbled murrelet is 6 E3 detonations (3 at
each site) per year (half of each explosive class in the summer, half in the winter, on
average over a 5-year period) at both the Hood Canal and the Crescent Harbor EOD sites
over the next 20 years.
Helicopter Rotor Wash
The extent of take (in the form of harass) of the marbled murrelet is 110 events per year
associated with training activities conducted in Crescent Harbor and at Navy 7 training
areas over the next 20 years.
E3 and E4 Explosions

•

The extent of take (in the form of harm) of the marbled murrelet is 15 counts (explosive
sonobuoys) per year (on average over a 5-year period) of E3 detonations within 50 nm
from shore in the Offshore Area Subunit during the winter over the next 20 years.

•

The extent of take (in the form of harm) of the marbled murrelet is 24 counts (explosive
sonobuoys) per year (on average over a 5-year period) of E4 detonations within 50 nm
from shore in the Offshore Area Subunit during the winter over the next 20 years.

15.2.5
•

15.2.6
•

15.2.7
•

E1 Medium-caliber Projectile Explosions, Projectile Strikes, Fragment Strikes, and
Projectile Shock Waves
The extent of take (in the form of harm) of the marbled murrelet is 416 E1 mediumcaliber projectiles per year (on average over a 5-year period) within 50 nm from shore in
the Offshore Area Subunit during the winter over the next 20 years.
E3/E5 Large-caliber Projectile Explosions, Projectile Strikes, Fragment Strikes,
Projectile Shock Waves, and Muzzle Blasts
The extent of take (in the form of harm) of the marbled murrelet is 21 E3/E5 large-caliber
projectiles per year (on average over a 5-year period) within 50 nm from shore in the
Offshore Area Subunit over the next 20 years.
Small-caliber Non-Explosive Projectiles – Physical Strikes
The extent of take (in the form of harm) of the marbled murrelet is 1,697 instances (8,485
small-caliber non-explosive projectiles) per year (on average over a 5-year period) within
50 nm from shore in the Offshore Area Subunit during the winter over the next 20 years.
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15.2.8
•

15.2.9
•

15.3

Medium-caliber Non-Explosive Projectiles – Physical Strikes and Projectile Shock
Waves
The extent of take (in the form of harm) of the marbled murrelet is 600 instances (3,000
medium-caliber non-explosive projectiles) per year (on average over a 5-year period)
within 50 nm from shore the Offshore Area Subunit during the winter over the next 20
years.
Large-caliber Non-Explosive Projectiles – Physical Strikes, Projectile Shock Waves,
and Muzzle Blasts
The extent of take (in the form of harm) of the marbled murrelet is 41 instances (205
large-caliber non-explosive projectiles) per year (on average over a 5-year period) within
50 nm from shore in the Offshore Area Subunit during the winter over the next 20 years.
Short-tailed Albatross

Based on the Effects of the Action analysis above, incidental take of the short-tailed albatross is
reasonably certain to occur in the form of harm. Pursuant to the authority of section
402.14(i)(1)(i) of the implementing regulations for section 7 of the ESA, a surrogate can be used
to express the amount or extent of anticipated take if the following criteria are met: the causal
link between the surrogate and take is described; an explanation is provided as to why it is not
practical to express the amount or extent of take or to monitor take-related impacts in terms of
individuals of the listed species; and a clear standard is set for determining when the level of
anticipated take has been exceeded.
As described in the effects analysis, we anticipate that the action will result in the take of 11
short-tailed albatross. However, in this case, a coextensive surrogate based on specific project
components is necessary to express the extent of take of the short-tailed albatross because it is
not practical to monitor take impacts in terms of individual short-tailed albatross due to the
extremely low likelihood of finding dead or injured individuals in the aquatic environment. The
coextensive surrogate is the direct source of the stressors causing the taking, and a clear standard
for take exceedance can be established under the monitoring requirements (below) using this
surrogate. On that basis, the extent of take of the short-tailed albatross covered under this
Incidental Take Statement is described below by stressor category using a coextensive surrogate.
15.3.1
•

E1 Explosions, Projectile Strikes, Fragment Strikes, and Projectile Shock Waves
The extent of take (in the form of harm) of the short-tailed albatross is 6,368 E1 mediumcaliber projectiles per year within the Offshore Area Subunit over the next 20 years.
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15.3.2
•

15.3.3
•

15.3.4
•

15.3.5
•

E5 Explosions, Projectile Strikes, Fragment Strikes, Projectile Shock Waves, and
Muzzle Blasts
The extent of take (in the form of harm) of the short-tailed albatross is 310 E5 (E3/E5)
larger-caliber projectiles per year within the Offshore Area Subunit over the next 20
years.
Small-caliber Non-Explosive Projectiles – Physical Strike
The extent of take (in the form of harm) of the short-tailed albatross is 24,240 instances
(121,200 small-caliber non-explosive projectiles) per year within the Offshore Area
Subunit over the next 20 years.
Medium-caliber Non-Explosive Projectiles – Physical Strike and Projectile Shock Wave
The extent of take (in the form of harm) of the short-tailed albatross is 8,636 instances
(43,180 medium-caliber non-explosive projectiles) per year within the Offshore Area
Subunit over the next 20 years.
Large-caliber Non-Explosive Projectiles – Physical Strike, Projectile Shock Wave, and
Muzzle Blast
The extent of take (in the form of harm) of the short-tailed albatross is 560 instances
(2,800 large-caliber non-explosive projectiles) per year within the Offshore Area Subunit
over the next 20 years.

16 EFFECT OF THE TAKE
16.1

Bull Trout

In the accompanying Opinion, the Service determined that this level of anticipated take is not
likely to result in jeopardy to the bull trout.
16.2

Marbled Murrelet

In the accompanying Opinion, the Service determined that this level of anticipated take is not
likely to result in jeopardy to the marbled murrelet.
16.3

Short-tailed Albatross

In the accompanying Opinion, the Service determined that this level of anticipated take is not
likely to result in jeopardy to the short-tailed albatross.
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17 REASONABLE AND PRUDENT MEASURES
The Service believes the following reasonable and prudent measures (RPMs) are necessary and
appropriate to minimize the impacts of the taking on the bull trout, marbled murrelet, and the
short-tailed albatross.
1. Monitor implementation of the proposed action and report the results of that monitoring
program to insure that the level of take exemption provided under this Incidental Take
Statement is not exceeded.
2. Minimize the harm-related, death and injury impacts of the Navy’s taking on the marbled
murrelet in Conservation Zone 1 through removal of derelict fishing gear in Puget Sound
and/or the Straits of Juan de Fuca that may kill or injure entangled marbled murrelets.
3. Minimize the harm-related, death and injury impacts of the Navy’s taking on the shorttailed albatross in the Offshore Area by instituting a program of marine debris removal.

18 TERMS AND CONDITIONS
In order to be exempt from the prohibitions of section 9 of the ESA, the Navy must comply with
the following terms and conditions, which implement the RPMs described above and outline
required reporting/monitoring requirements. These terms and conditions are non-discretionary.
1. To implement RPM 1, the Navy shall submit a monitoring report by February 15 of each
year providing monitoring information on Navy training and testing activities
implemented in the previous year. The monitoring report shall include at a minimum, the
following information for each listed species by training and testing stressor identified
above under the Form and Amount or Extent of Take section:
a. Stressor/activity name
b. Date and location where the stressor/activity occurred
c. Number and size of projectiles used, number and size of detonations, hours of MF8
sonar emissions, and explosive sonobuoy counts.
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2. To implement RPM 2, the Navy shall coordinate with the Service to develop a plan for
the Service’s approval, within one year from the date of this Opinion, to either (1) search
for and remove derelict fishing nets in Puget Sound and the Straits of Juan de Fuca, or (2)
coordinate with an organization like the Northwest Straits Coalition to fund their search
and removal efforts of such gear. Such funding or efforts under the plan should yield
benefits commensurate with the number of murrelets killed or injured by the proposed
action in Conservation Zone 1 over the next 20 years. That is, derelict gear removal
should occur at a rate that would minimize the impact of the take anticipated. Removal
of derelict fishing nets pursuant to the Navy’s implementation of the approved plan is
likely to reduce murrelet death or injury due to their entanglement in the drifting nets
during foraging activities. This reduction in murrelet death and injury impacts within the
action area will indirectly minimize the impacts of death and injury-related take on the
murrelet caused by the proposed action.
3. To implement RPM 3, the Navy shall coordinate with the Service to develop a plan for
the Service’s approval, within one year from the date of this Opinion, to either fund or
implement efforts to remove plastic and other debris from the marine environment within
the Offshore Area. Such funding or efforts should yield benefits commensurate with the
number of short-tailed albatross anticipated to be taken by the proposed action over the
next 20 years. Removal of such debris pursuant to the Navy’s implementation of the
approved plan is likely to reduce albatross death or injury due to their ingestion of debris
during foraging activities. This reduction in albatross death and injury impacts within the
action area will indirectly minimize the impacts of death and injury-related take on the
albatross caused by the proposed action.

19 CONSERVATION RECOMMENDATIONS
Section 7(a)(1) of the Act directs Federal agencies to utilize their authorities to further the
purposes of the Act 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.
The Service provides the following recommendations:
1. To assist the Service in analyzing the effects of the Navy’s activities on listed species, we
request that the following information be provided along with the above annual
monitoring report. The Service is available to discuss best information to monitor.
a. For each activity conducted:
i.

Activity name as described in the proposed action

ii.

Number of events conducted throughout the year

iii.

Location of each event – as specific as possible (i.e. distance offshore)

iv.

Date event occurred – including beginning and end dates
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v.

Time event occurred, providing as much information as possible on when
specific portions of the event occurred

vi.

Number of ordnances used per event

vii.

Total hours of sonar used per event

b. For projectiles and missiles:
i.

Type and number of projectiles and missiles used per event

ii.

Firing rate – for a given event (i.e., 5 bursts per shot, number of shots per
minute, etc.)

iii.

How many projectiles or missiles are fired along the same trajectory (i.e., is
both the firing location and target stationary so all projectiles and missiles are
fired along the same trajectory, or is the firing location moving and the target
stationary, or both are moving, etc.)

iv.

Distance projectiles and missiles traveled, distance to target

v.

Accuracy of projectiles or missiles hitting the target

c. For sonar:
i.

Type of sonar used

ii.

Duration sonar was used

iii.

Average time sonar was used per hour

2. The information used to determine effects of acoustics (explosives, sonar, projectile
shock wave, etc.) is dated. The Service requests that the Navy monitor acoustic levels of
different activities to provide updated information for technology used by the Navy. The
Service requests that the Navy coordinate with the Service to develop an acoustic
monitoring plan to determine SPL, impulse levels, and other acoustic metrics for the
following activities:
a. Underwater explosives
b. In-air explosives
c. Sonar SPL outputs
d. Bow shock or projectile shockwaves
3. Improve upon debris retrieval and removal processes. Debris related to detonations,
weapons firing and other training activity should be retrieved whenever possible.
Disposal should be done at a secure upland location to ensure that it does not re-enter the
marine environment.
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4. Reduce marine forage base threats to the marbled murrelet by avoiding impacts to marine
shoreline, eelgrass, and other habitats where marine forage fish spawn. Offset existing
and future impacts to these habitats by completing effective shoreline and marine habitat
restoration projects and by conserving marine shoreline habitat areas within the range of
the marbled murrelet.
5. Develop and/or fund research programs that improve our understanding of the hearing
capabilities of seabirds as well as how seabirds are affected by elevated sound levels and
shock waves.
6. Develop and/or fund research programs that improve our understanding of the
abundance, distribution, and status of marine forage fish that comprise the prey base of
the marbled murrelet.
7. To the maximum extent possible, conduct training and testing activities that produce the
following stressors beyond 50 nm from shore in the Offshore Area, to avoid, reduce, or
minimize the take of marbled murrelets: E3 and E4 detonations; E1 medium-caliber
projectiles; E3/E6 large-caliber projectiles; and small-caliber, medium-caliber, and largecaliber non-explosive projectiles.
8. The Navy should coordinate with the Service to develop a plan, within one year from the
date of this Opinion, that relies on adaptive management to refine our understanding of
the take impacts on the bull trout, marbled murrelet, and short-tailed albatross caused by
the proposed action. Such information may trigger adjustments to the Incidental Take
Statement or reinitiation of consultation, as appropriate, and facilitate the identification of
additional ways to further minimize the impacts of take on these species caused by the
proposed action.

20 REINITIATION NOTICE
This concludes formal consultation on the action(s) outlined in the (request/reinitiation request).
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
Estimating the Probability of Listed Seabird Exposure to Stressors caused by the Navy’s
NW Training and Testing Program (NWTT) in the Marine Environment
Fundamental to determining the effects of a proposed Federal action on listed species in a
biological opinion is establishing whether the species has the potential or is likely to be present
within the action area and exposed to stressors caused by the proposed action. Determining if
such exposure has the potential or is likely to occur can be difficult when individuals of the
species are sparsely distributed over a large area at sea, or when the offshore distribution of the
species is unknown.
This document describes the methods used by the U.S. Fish and Wildlife Service (Service) to
estimate the probability of short-tailed albatross (Phoebastria albatrus) and marbled murrelet
(Brachyramphus marmoratus) exposure, as well as the number of birds reasonably certain to be
exposed, to stressors caused by proposed offshore NWTT activities. This document also
describes the methods used by the Service to estimate the number of marbled murrelets
reasonably certain to be exposed to underwater sound and pressure waves caused by the
proposed NWTT in Washington’s Inland Waters at levels that are likely to injure or kill affected
individuals. The methodology used to estimate exposure of marbled murrelets in the Inland
Waters can be found in Appendix G 1.
Modeling was used to calculate the probability of listed species exposure to a variety of stressors
associated with the NWTT over a 20-year period.
1. Section 7 Consultation
In coordination with Federal action agencies we must determine whether a proposed Federal
action is “likely to adversely affect” a threatened or endangered species. An action is “likely to
adversely affect” a species if it results in any effects that are not entirely beneficial, insignificant,
or discountable (USFWS and NMFS 1998, p. xv). The analysis below focuses on determining
whether or not effects caused by the NWTT are discountable, which means that they are
extremely unlikely to occur (USFWS and NMFS 1998, p. xvi). The history of practice in the
Washington Fish and Wildlife Office is to consider the effects of Federal actions to be
discountable if there is a less than ten percent probability that any individuals will be exposed to
stressors in a “reasonable worst-case scenario.” If there is uncertainty about the proposed action
or the biology of the species, we err on the side of the species when conducting our exposure
analyses.
If the effects of a proposed Federal action are not completely beneficial, insignificant, or
discountable, formal consultation under section 7 of the Endangered Species Act is necessary.
The outcome of formal consultation is a biological opinion issued by the Service. These
opinions present jeopardy and adverse modification analyses, as appropriate, that inform our
findings as to whether the proposed action avoids jeopardy and adverse modification of critical
habitat pursuant to the requirements of section 7(a)(2). If so, and take of listed animal species is
1
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reasonably certain to occur as a result of the proposed Federal action, such take is exempted from
the take prohibitions of section 9 of the Endangered Species Act in the opinion under an
Incidental Take Statement (ITS) provided the terms and conditions of the ITS are complied with.
The “reasonable certainty” standard does not require a guarantee that take will result but we must
establish a rational basis for our findings of take (80 FR 26832:26837 [May 11, 2015]). For this
consultation we determined that take was reasonably certain to occur if there was a greater than
50 percent chance of exposure, and the effects meet the definition of take (“harass, harm, pursue,
hunt, shoot, wound, kill, trap, capture, or collect” (16 U.S.C. 1532(19))). In the present analysis,
our determinations of take are based on a “reasonably certain” scenario, which differed from the
“reasonable worst case” scenario in that, when there was uncertainty, we based our assumptions
on the average expected outcome or most likely case, rather than the worst reasonable case.
2. Methods
To distinguish discountable versus non-discountable adverse effects, and to calculate the number
of birds likely to be taken, we developed a probabilistic exposure analysis similar to the exposure
analysis routinely used to evaluate marbled murrelet exposure to and take caused by actions that
involve impact pile driving in Washington State (Appendix H). This analysis treats the number
of birds exposed to any given instance of a stressor as a Poisson random variable. This in turn
allows us to determine whether the effects of a given stressor are discountable by computing the
probability individuals of the listed species being exposed to the stressor. For stressors for which
take is reasonably certain to occur, this analysis also allows us to calculate how many individuals
(or groups) are likely to be exposed to a stressor and respond in a manner that conforms to the
regulatory definition of take.
2.1 Structure of the Analysis
Before we could calculate probabilities of listed species exposure to the various stressors, we
first had to outline the scenarios to be analyzed. For each species, we analyzed a “reasonable
worst case” scenario in order to determine whether exposure to each stressor was discountable.
We also analyzed a “reasonably certain” scenario in order to determine how many individuals we
expect to be exposed to each non-discountable stressor. Each scenario included a variety of
information about the species’ population sizes, growth rates, distributions, and behaviors, as
well as information about the location, timing, and area of effect of the various NWTT activities
and stressors. For each scenario, we used the best available information, but when there was
uncertainty in the best available information, the two scenarios dealt with this uncertainty
differently, as explained in the section above.
Once the scenarios were defined, we used the “reasonable worst-case” scenario to calculate the
probability that each species would be exposed to each stressor over the course of our 20-year
analysis period. We considered the exposure of a species to a stressor to be discountable if there
was a less than ten percent chance of any exposure during the 20 years, or in other words, if there
was a greater than 90 percent chance that there would never be any exposures at all during the 20
years.
As noted above, if exposure of a species to a stressor was not discountable, we used the
“reasonably certain” scenario to calculate the number of individuals expected to be exposed to
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the stressor, as well as the probabilities of exposure of different numbers of individuals. This
information was then used to inform the description of effects and jeopardy analyses in the
Biological Opinion, as well as the Incidental take Statement.
2.2 Scenario Outlines
2.2.1 Short-Tailed Albatross
In the area where the Navy is planning to conduct their Northwest Testing and Training activities
(which is distinct from the action area as described in the Biological Opinion, and is hereafter
referred to as the study area), short-tailed albatross density information is not directly available.
However, we were able to derive a density estimate from satellite telemetry information provided
by an albatross researcher, Robert Suryan (pers. comm. 2015).
These telemetry data sets include location information from 68 juvenile (hatch-year) short-tailed
albatross, as well as 23 adults and 12 subadults. The first birds were tagged and tracked starting
in May of 2002, and the dataset we obtained contained a few data points as recent as January of
2013. Tagging and tracking methods and additional information are available in a variety of
publications (Deguchi et al. 2014, pp. 196-197; O'Connor 2013, pp. 12-15; Suryan et al. 2007,
pp. 451-454; Suryan et al. 2008, pp. 6, S2; Suryan and Fischer 2010, p. 301; USFWS 2014, pp.
4-7). We examined the telemetry information in a geographic information system (GIS),
ArcGIS. We identified albatross locations inside the study area by comparison with shapefiles
provided by the Navy depicting the areas in which they proposed to conduct training and testing
activities (Kunz, pers. comm. 2015a; Kunz, pers.comm. 2015b). We performed this comparison
by using the “Select By Location” function, with the telemetry datasets as the target layers and
the Navy’s shapefiles as the source layers.
Published opportunistic sightings off of the coasts of California, Oregon, Vancouver Island, and
Washington, indicate that juvenile and subadult short-tailed albatross visit the study area
(Gruchy et al. 1972, pp. 285-286; Helm 1980, pp. 47-48; Wahl 1970, pp. 113-115; Washington
Bird Records Committee 2015, p. 4; Wyatt 1963, p. 163). A recent analysis of telemetry data
indicates that adult, subadult, and juvenile short-tailed albatross distributions differ from one
another, with birds ranging widely in their first two years of life, and subsequently constricting
their ranges (O'Connor 2013, pp. 19-23). In the telemetry data sets we used, none of the birds
tagged as adults or subadults transmitted locations from the study area, so our analysis is based
only on those birds tagged as juveniles (hatch-year birds), although some of these birds were
tracked for more than a year, so our dataset does include information about use of the activity
area by subadults. We used the information from these birds to estimate the percentage of firstand second-year birds (hereafter referred to as “immature”) visiting the study area at any given
time.
Among the 68 birds tagged as juveniles, tracking information is available for a minimum of five
days and a maximum of 1,036 days per bird. Thirteen of these birds (19 percent) transmitted
locations from within the study area, but many of the remaining 55 birds lost their transmitters
before they could be expected to have flown to the study area. The earliest visit, relative to
hatching date, was on September 25 of the hatch year. Thirty-six birds were still transmitting
locations as of September 25 of their hatch years, and 39 percent of these eventually transmitted
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locations from within the study area. During November and December of the hatch year, tagged
juvenile albatross continued to enter the study area. Other tagged juveniles lost their transmitters
during this period and were never recorded entering the study area, so it is not clear whether or
not they visited. Only nine birds were tracked for a full year after fledging. Of these, six birds
(67 percent) visited the study area. Only six birds (a subset of the nine that were tracked for a
full year) were tracked for two full years after fledging. Of these, four birds (67 percent) visited
the study area. One of these four birds was tracked for over three years after fledging, and
visited the study area only during the first and second years.
Based on this sample, we estimate that approximately two-thirds, or 67 percent, of juvenile and
second-year short-tailed albatross visit the study area. This value was used in the “reasonably
likely” scenario. However, given the uncertainty inherent in small sample sizes, for our
“reasonable worst-case” scenario, we calculated a 95 percent confidence interval and used a
round number close to the upper limit, resulting in the assumption that 90 percent of juveniles
and second-year birds visit the study area (Lowry 2016).
Although the telemetry data indicate that the majority of juvenile short-tailed albatross
eventually visit the study area, these visits are relatively short. The bird that spent the largest
amount of time in the study area was tracked for two years and visited multiple times, but only
spent a total of 36 days there. It is necessary for us to understand how much time each bird
spends in the study area, because if each bird spends ten percent of its time visiting the study
area, then at any given time we expect an average of ten percent of birds to be present, and we
must account for this in our density estimate. For each bird, we divided the number of days on
which they transmitted a location from the study area by the total number of days, starting
September 25 of the hatch year, on which they transmitted any location information. On
average, birds that visited spent approximately ten percent of their tracked days in the study area.
However, this measure likely overestimates time spent in the study area, since many transmitters
failed shortly after birds visited the study area. Therefore, we also calculated an average that was
weighted by the total number of days a bird was tracked, which is equivalent to calculating the
percentage of all post-September 25 locations from any bird that ever visited the study area that
were transmitted from within the study area. By this measure, birds spent an average of five
percent of their time in the study area. This number may be an underestimate, because it gives
the most weight to the bird that was tracked for over three years, and that bird never visited the
study area during its third year. We used the high value of ten percent for our “reasonable worstcase” scenario and the low value of five percent for our “reasonably certain” scenario.
Although most of the tracked visits to the study area took place during October through March,
we were not able to draw conclusions as to whether there were seasonal patterns to short-tailed
albatross presence in the study area. Most of the transmitters failed during the autumn and
winter of the bird’s hatch year, but the few transmitters that did continue to function for one year
or more indicated that the birds did sometimes visit the study area during the spring and summer
months. Therefore, we did not incorporate any differences in seasonal use into our analysis.

4

We also examined the percentage of each visit spent within the portion of the study area
identified as W-237. This is an area off the coast of Washington, west of the Olympic Peninsula,
where the Navy proposes to conduct many of their offshore training and testing activities, and it
overlaps with an area identified as a core use area for immature short-tailed albatross (O'Connor
2013, p. 31). Note that the W-237 area comprises approximately 20 percent of the entire study
area. Of the 13 birds that visited the study area, 12 birds (92 percent) were known to have
visited the W-237 portion. For each bird, we divided the number of days on which they
transmitted a location from W-237 by the total number of days on which they transmitted a
location from anywhere within the study area. We also calculated the percentage of each bird’s
locations from within the study area that were transmitted from inside of W-237. On average, a
bird that entered the study area visited W-237 on 41 percent of the days it was in the study area,
and 35 percent of its study area locations were in W-237. As a group (i.e., with the average
weighted by the quantity of data available for each bird, equivalent to lumping all birds
together), birds visited the W-237 area on 37 percent of the days they were tracked in the study
area (70 of 188 albatross-days) and 174 (25 percent) of the 687 study area locations were inside
W-237. As mentioned above, the average proportion of the birds’ time spent in a given area is
equivalent to the average proportion of birds in that area at a given time. For the “reasonable
worst-case” scenario, we assumed that 41 percent of albatrosses within the study area at a given
time were in W-237. For the “reasonably certain” scenario, we assumed that 25 percent of
albatrosses within the study area were in W-237.
These three calculations (percentage of birds visiting the study area, percentage of time spent
within the study area by these birds, and percentage of this time spent in W-237) allow us to
calculate the percentage of all immature (first-and second-year) short-tailed albatrosses that, at
any given time, are expected to be within the study area as a whole or in W-237 in particular.
We can obtain these expected percentages by converting to proportions, multiplying the relevant
numbers together, and converting the resulting proportion back to a percentage. In the
“reasonable worst-case” scenario, we expect that nine percent (that is, ten percent of 90 percent,
or 0.9 * 0.1) of all immature albatross will be in the study area at any given time, and 3.7 percent
(41 percent of the nine percent, or 0.9 * 0.1 * 0.41) of all immature albatross will be in W-237.
In the “reasonably certain” scenario, 3.4 percent (that is, five percent of 67 percent, or 0.67 *
0.05) of all immature albatross will be in the study area at a given time, and 0.84 percent (25
percent of the 2.4 percent, 0.67 * 0.05 * 0.25) will be in W-237.
In order to estimate the density of short-tailed albatross in the study area, it was also necessary to
estimate the total number of albatross in the two age classes most likely to visit the study area.
To do this, we examined the population data available in the most recent five-year review of
short-tailed albatross status (USFWS 2014, pp. 8-9). During the 2013-2014 breeding season,
there were approximately 723 breeding pairs: 609 at Torishima, Japan; 110 in the Senkaku
Islands, Japan; and four more in other locations (USFWS 2014, p. 8). Average fledging success
over the last 15 years at the Torishima breeding sites has been 67 percent (USFWS 2014, p. 8),
leading us to estimate that approximately 484 chicks were fledged in 2014. It is estimated that
approximately 85 percent of fledglings survive to sustained flight (Deguchi et al. 2014, p. 199),
and subsequent annual survival rates for juvenile and subadult short-tailed albatross are
estimated to be approximately 94 percent (Cochrane and Starfield 1999, p. 8). Therefore, we
expect that approximately 387 of the birds fledged during 2014 will still be alive in late 2015, at
the beginning of the proposed action.
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To estimate the number of birds fledged in 2015, we applied a growth rate of eight percent to the
2014 fledgling population (i.e., 484 * 1.08), resulting in an estimate of 523 birds fledged in 2015.
Since approximately 85 percent of fledglings survive to sustained flight, we expect that 445 of
these 523 fledglings will remain alive at the start of the proposed action. Therefore, we expect
that the total population of immature birds at the beginning of the proposed action will be 832
(387 + 445). This means that, at any given moment during the first year of the action, in the
“reasonable worst-case” scenario, we expect that there will be 75 immature short-tailed albatross
in the study area and 31 of these in W-237; and in the “reasonably certain” scenario, there will be
28 immature short-tailed albatross in the study area and seven of these in W-237.
We selected the growth rate of eight percent based on population growth rates on Torishima
from 2000 through 2013 (USFWS 2014, p. 9). The annual population growth rates varied from a
minimum of 3.75 percent to a maximum of 13.20 percent, with a mean over the whole period of
7.5 percent. The most recent three-year running average growth rate (2011 through 2013) was
8.24 percent. These growth rates were calculated based on counts of breeding pairs at
Torishima. By applying these growth rates to the fledgling population, we implicitly assume that
the age structure of the albatross population is stable. Given the short time available for our
analysis, we did not have the opportunity to investigate this assumption, and it is not clear
whether information is available that would allow us to support or contradict this assumption.
We also implicitly assumed that population growth at other breeding colonies was similar to the
growth rates measured at Torishima. Because the period of our analysis covers 20 years, we
applied this growth rate on an annual basis to account for continuing population growth. This
means that, with a population 832 immature birds in the first year of the proposed action, we
expect the population in the second year to be 899 (832 * 1.08), in the third year 970 (899 * 1.08,
or 832 * 1.082), and for any year t, we calculate the population of first- and second-year shorttailed albatross as 832 * 1.08t-1. Assumptions about population growth were identical for each of
the two scenarios.
Our scenarios for short-tailed albatross also included a parameter describing the percentage of
time the birds are expected to spend underwater. This aspect of behavior has not been studied
for short-tailed albatross, so we used information from a study of another albatross species as a
proxy. Based on a study of shy albatross (Thalassarche cauta), we assumed that juvenile shorttailed albatross spend 7.9 percent of their time with their heads and/or bodies submerged below
the surface (Hedd et al. 1997, pp. 456, 458). This is mathematically equivalent to saying that, at
any given time, 7.9 percent of they are submerged. In this study, researchers affixed time depth
recorders to feathers on the dorsal midline of breeding adult shy albatrosses, and recorded the
percentage of time each bird spent with its back submerged during foraging trips (Hedd et al.
1997, pp. 454, 456). The researchers also recorded the number, duration, and depth of the birds’
dives, but the full percentage of time submerged seemed to be a more appropriate measure of the
percentage of time a bird could be exposed to underwater stressors, since birds may be fully or
partially submerged even when not diving. For example, birds may dunk their heads in the water
while preening, or submerge their heads in order to capture prey swimming near the surface.
Because we only located one study of one proxy species, we used the same value for percentage
of time spent submerged for both the “reasonable worst-case” and the “reasonably certain”
scenarios.
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The differences between the “reasonable worst-case” scenario and “reasonably certain” scenario
are summarized in Table 1.
Table 1. Summary of differences between “reasonable worst-case” scenario and “reasonably
certain” scenario for each species (offshore only), short-tailed albatross (STAL) and marbled
murrelet (MAMU).
Species
STAL
STAL
STAL
MAMU
MAMU
MAMU

Reasonable worst-case

Reasonably certain

90% of juveniles visit study area
Birds that do visit spend 10% of their time in
the study area
Birds that visit spend 41% of their visiting
time in W-237
Population growth rate = 1.05
In “cold season,” MAMU could be anywhere
in the study area
Unless otherwise specified in project
description or subsequent information from
the Navy, assume NWTT activities are in the
closest zone to the shore. E.g., assume an
activity that takes place >3 nm from shore
will occur entirely between 3-12 nm from
shore

67% of juveniles visit study area
Birds that do visit spend 5% of their time in
the study area
Birds that visit spend 25% of their visiting time
in W-237
Population growth rate = 0.988
In “cold season,” MAMU could be anywhere in
the study area within 50 nm of the coast*
Unless otherwise specified in project
description or subsequent information from
the Navy, assume NWTT activities take place
in each zone proportional to the area of that
zone. E.g., assume an activity that takes place
>3 nm from shore will occur 1% of the time
between 3-12 nm and 18% of the time
between 3-50 nm from shore

* NM – nautical mile

2.2.2 Marbled Murrelet Scenarios for the Offshore Area

Although data regarding marbled murrelet presence and density are abundant for some portions
of the study area, there are large gaps in our knowledge about marbled murrelet distributions
offshore and outside of the breeding season. At-sea density estimates are available from
Northwest Forest Plan Effectiveness Monitoring (NWFPEM) survey reports (Falxa et al. 2015,
pp. 9-12). These reports provide information for the months of May, June, and July, for areas
within 3, 5 or 8 km (1.61 to 4.32 nm) from shore, with the exact distance depending on the
particular location (Raphael et al. 2007, pp. 3-4). In addition, a recent modeling effort has used
data from these and other survey reports to parameterize an at-sea habitat model that provides
estimates of marbled murrelet densities off the outer coast of Washington for the months of April
through October (Menza et al. 2015, pp. 16, 20-21, 49). This model of marbled murrelet marine
habitat use is highly sensitive to the survey methodology used to collect the data on which the
model is based (Menza et al. 2015, pp. 16, 20-21, 49), and therefore may not represent an
unbiased map of true marbled murrelet distribution in the marine environment. However, it
offers the best available density estimate for marbled murrelets in marine areas not covered by
the NWFPEM. For Washington’s Inland Waters, some data on winter density and distribution of
marbled murrelets are available (refer to Appendix G). However, data are sparse for the winter
months in the offshore areas.
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The locations of the Navy’s proposed offshore activities are described in terms of distance from
shore, with distances described as being greater or less than three nm from shore, greater or less
than 12 nm from shore, greater than 20 nm, greater than 30 nm, or greater than 50 nm from shore
(information obtained from the Service’s deconstruction matrix [matrix]). The entire study area
extends approximately 250 nm from shore (Kunz, pers. comm. 2015a; Kunz, pers.comm.
2015b). In order to assess the effects of the Navy’s activities on marbled murrelets, it was
necessary to estimate the density of marbled murrelets within these distance bands, rather than
using the distance measures reported in the marbled murrelet literature. Due to limitations in
time and information, we did not generate separate density estimates for every distance band.
Since marbled murrelet distributions change seasonally (refer to Appendix G, also (Pearson and
Lance 2015, pp. 11-13; Strachan et al. 1995, pp. 247-248)), we estimated densities separately for
the summer, which we defined as beginning on April 11, and winter, which we defined as
beginning on October 11. These dates were selected based on the dates of known marbled
murrelet observations far offshore, which were all between October 11 and sometime in April.
Note that although most of the Navy activities included in this consultation may occur at any
time of year, a few are confined to the “warm season,” which they define as June to November
(Kunz, pers. comm. 2016b).
For summer, for distances less than three nm from shore, we used density information from the
NWFPEM surveys (Falxa et al. 2015, pp. 9-12). The study area only extends within three nm of
the coast off of Washington; off of California, Oregon, and southern Washington, the coastward
boundary of the study area is 12 nm from shore (U.S. Department of the Navy 2015f, p. 12).
Therefore, to estimate summer marbled murrelet density within three nm of the coast, we seeded
our marbled murrelet population density model using data from 2009-2013 surveys from
Conservation Zone 2, which yielded a mean estimate of 1.29 groups of two marbled murrelets
per nm2 (Falxa et al. 2015, p. 12). This estimate applied to both the “reasonable worst-case” and
the “reasonably certain” scenarios.

For the distance band between three and 12 nm from shore, for the summer, we derived a
marbled murrelet density estimate by visual inspection of a map depicting habitat modeling
results off the outer coast of Washington (Menza et al. 2015, p. 20). The model output for this
area appeared to range from approximately 0.01 to approximately one bird per km2. Since we
did not have access to the model output in a geospatial data format, we could not compute an
average predicted density for this distance band, but our visual estimate of the average density
was between approximately 0.05 and 0.1 birds per km2. Given the limitations of these model
results mentioned above, the level of precision offered by this visual analysis of the model output
is appropriate, and a more precise estimate that could be obtained using geospatial analysis of the
model output would likely not offer any additional accuracy. We used the higher estimate of 0.1
birds per km2 in the “reasonable worst-case” scenario and the lower estimate of 0.05 birds per
km2 in the “reasonably certain” scenario for the distance band between three and 12 nm from
shore.
For the summer, we assumed that marbled murrelet exposure to activities carried out farther than
12 nm from shore would be discountable. The NWFPEM protocol was designed to cover the
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area occupied by 95 percent of the marbled murrelet population during May through July
(Bentivoglio et al. 2002, pp. 22, 29, 34, 40), and we expect that the vast majority of the
remaining five percent will be within 12 nm from shore. Breeding marbled murrelets are most
likely to forage in areas close to nesting habitat (Hebert and Golightly 2008, pp. 102-103; Peery
et al. 2009, p. 127; Raphael et al. 2014, pp. 4, 7). Surveys conducted farther offshore have not
documented marbled murrelets during May through September, although they have occasionally
recorded marbled murrelet presence at other times.
Although we have previously assumed that marbled murrelets would not be present farther than
five miles from shore (USFWS 2010, p. 87), a recent survey report prepared for the Bureau of
Ocean Energy Management (BOEM) (Adams et al. 2014, pp. 32-33, 214-216) and supporting
geospatial data (Adams et al. May 13, 2014) prompted us to reevaluate this assumption. This
dataset includes observations of marbled murrelets at four different locations ranging from 13 to
32 nm from shore during November of 2011 and February of 2012. Given that these data were
collected via aerial surveys, and with Beaufort Sea State conditions ranging up to 5 (29-38 km/h
wind speed) (Adams et al. 2014, p. 5), it is very likely that the density and distribution of
marbled murrelets were underestimated. Aerial surveys are known to result in marbled murrelet
density estimates that are less than half of those generated from boat-based surveys, likely due to
a variety of factors including high sensitivity to visibility conditions and marbled murrelets
avoidance diving in front of the airplane (Strong et al. 1995, pp. 347, but refer to Henkel et al.
2007, pp. 148-149, for a contrasting result). Even in boat-based surveys, marbled murrelet
detectability decreases in a Beaufort level of 3 and higher (Raphael et al. 2007, p. 38).
We searched for other offshore seabird survey datasets at online data repositories (Drew et al.
2015; NASA 2015; OBIS SEAMAP 2015; USGS 2015) and solicited information from
colleagues at other agencies. This effort yielded information about several earlier marbled
murrelet observations at distances farther than 12 nm from shore, one 25 nm from shore during
October of 2001, and another 13 nm from shore in March of 1982 (Ballance, pers. comm. 2015;
OBIS SEAMAP 2015). One additional study reported two marbled murrelets sighted in April
sometime between 1971 and 1993, in waters between 200 and 1,000 m deep off of Grays Harbor,
Washington (Speich and Wahl 1995, p. 322). Charts showing seafloor depth in this region show
that these observations were likely between 25 and 45 nm from shore (NOAA 2009). The
existence of these earlier observations indicates that the presence of marbled murrelets farther
than 12 nm from shore was not due to unique conditions in a single year (Table 2). We also note
that only one dataset (Speich and Wahl 1995, entire) reports data from boat-based surveys
conducted within the study area at these or greater distances from shore during the months of
January through April. The longest-running and most extensive boat-based surveys were done
by the National Oceanographic and Atmospheric Administration, with all surveys in the summer
and autumn (Barlow and Forney 2007, pp. 509-510). Even in these cases, it is not clear whether
the survey protocols would be adequate to detect marbled murrelets with high reliability.
Therefore, it is not clear whether the small number of observations offshore is due to an actual
rarity of murrelets in these areas, or to a lack of survey effort during the winter months using
methods that would be expected to detect marbled murrelets. Therefore, we assume that during
the winter, marbled murrelets will be present farther than 12 nm from shore.

9

Table 2. Marbled murrelets observed farther than 12 nm from shore in or near the study area.
Location
Northwest of
Waldport, OR
Southwest of
Coquille Point, OR
West of Cape
Vizcaino, CA
West of Cape
Vizcaino, CA
Southwest of
Waldport, OR
West of Grays
Harbor, WA
West of Eureka, CA

Distance from
shore (nm)
26

2/23/2012

Survey
method
Aerial

13

2/24/2012

Aerial

32

10/11/2011

Aerial

21

10/11/2011

Aerial

25

10/26/2001

Ship

25-45
(200 – 1000 m
depth)
13

April, sometime
between 1971 and
1993
3/25/1982

Ship

Date

Aerial

Source
(Adams et al. May 13,
2014)
(Adams et al. May 13,
2014)
(Adams et al. May 13,
2014)
(Adams et al. May 13,
2014)
(Ballance, pers. comm.
2015), (Barlow and Forney
2007, pp. 509-510)
(Speich and Wahl 1995, p.
322)
(OBIS SEAMAP)

The “reasonable worst-case” scenario and the “reasonably certain” scenario differed from one
another in how far offshore we assumed marbled murrelets to be present during the winter. In
the “reasonable worst-case” scenario, we assumed that marbled murrelets could be found
anywhere within the offshore portion of the study area. This assumption was supported by data
from Alaska, where approximately 18 percent of marbled murrelets were found between 50 and
300 km (27-162 nm) from shore during the non-breeding season (Piatt and Ford 1993, pp. 664665). Furthermore, even this Alaskan dataset does not include data from November through
January, when other data indicate that murrelet densities in some areas nearer shore decrease
dramatically (Piatt and Ford 1993, p. 665); it is therefore possible that the percentage of marbled
murrelets in Alaska using offshore areas increases beyond 18 percent, or extends farther than 300
km offshore, during the winter months. Given the lack of survey data covering the winter and
early spring months in the study area, we cannot rule out the possibility of similar seasonal
patterns of marbled murrelet use of offshore habitats in the study area, and in a “reasonable
worst-case” scenario, murrelets may be exposed to activities taking place anywhere within the
study area. However, we note that we do not have positive evidence of marbled murrelet
presence at distances greater than 50 nm from shore in the study area. We do have evidence of
presence in all other distance bands as defined by the Navy (Table 2). Therefore, for the
“reasonably certain” scenario, we assume that marbled murrelets could be found anywhere up to
50 nm from shore.
For both scenarios, we derived density estimates for the offshore study area by assuming that,
except for birds counted in Puget Sound (Conservation Zone 1) and a portion of the birds
counted in the southern portions of the range (Conservation Zones 5 and 6), the entire murrelet
population for which we have population estimates (Conservation Zone 2 through a portion of
Conservation Zone 6) might be in the offshore area. Conservation Zones 5 and 6 are outside of
the study area, but marbled murrelets have been observed moving northward after the breeding
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season (Peery et al. 2007, p. 116; Strong 1995, pp. 101-102), including one marbled murrelet that
moved 724.5 km from northern California to Washington (Hebert and Golightly 2008, p. 101).
However, marbled murrelets may also move south during the winter, so we did not assume that
all birds from these zones would move northward into the study area. In a study of 20 birds
tagged within Conservation Zone 6 and tracked during the post-breeding season of 2002, one out
of ten birds (ten percent) tracked for longer than 60 days moved over 100 km north, whereas
eight of those ten moved south (Peery et al. 2007, p. 117). In another study conducted at
Redwood Creek, CA, at the southern end of Conservation Zone 4, during the breeding seasons of
2001-2003, 12 of 15 birds (80 percent) that moved over 100 km went north rather than south
(Hebert and Golightly 2008, p. 101). For the “reasonably certain” scenario, for both
Conservation Zone 5 and 6, we assumed that ten percent of birds that spend the summer in these
zones would move north into the study area during winter, to match the only study that offered
post-breeding season data (Hebert and Golightly 2008, p. 101). For the “reasonable worst-case”
scenario in Zone 6, since the sample size of ten birds was rather small, we used a round number
near the upper 95 percent confidence interval, and assumed that 40 percent of birds might move
north into the study area. For Conservation Zone 5, we combined the information from the two
studies to estimate that, in the “reasonable worst-case” scenario, 90 percent of birds would move
one direction or the other, as in the Conservation Zone 6 study, and that 80 percent of those, or
72 percent of the total, would move north into the study area.
We seeded our model of offshore winter population density using the 2009-2013 NWFPEM
population estimates, along with Conservation Zone 6 data from the same time period (Falxa et
al. 2015, p. 12; Henry and Tyler 2014, p. 3). These numbers represent approximately 95 percent
of the population (Bentivoglio et al. 2002, pp. 22, 29, 34, 40), so we divided the population
estimates by 0.95 to estimate the entire population size. We also adjusted the estimates from
Zones 5 and 6, multiplying by the proportion expected to move northward, according to the
scenarios as described above. We took the mean population estimates from the period of 20092013 to represent the predicted 2011 population, since we were using the mean estimate along
with the trend. Therefore, in order to estimate the population in 2016, at the start of the period
under analysis, we incorporated five years’ worth of population change.
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Table 3. Method for calculating starting population density estimates
Description of value
Population growth rate, λ
Year 1 population estimates for Conservation
Zones 2, 3, and 4
Year 1 population estimates for Conservation Zone
5
Year 1 population estimates for Conservation Zone
6
Year 1 total population estimate for the study
area, N1
Starting density estimate of murrelet groups in the
study area

How it was calculated
Obtained directly from (Falxa et al. 2015, p. 8)
Mean population size (2009 through 2013) (Falxa
et al. 2015, pp. 11-12) divided by 0.95, multiplied
by λ5
Mean population size (2011-2013) (Falxa et al.
2015, p. 12) divided by 0.95, multiplied by λ4
Mean population size (2009 through 2013) (Henry
and Tyler 2014, p. 3), divided by 0.95, multiplied
by λ5
Sum of Year 1 populations in Zones 2, 3, and 4,
along with the scenario-specific proportion of the
Year 1 populations from Zones 5 and 6
Year 1 total population estimate for the study
area, N1, divided by two times scenario-specific
total area

We obtained population growth rates from the most recent NWFPEM report (Falxa et al. 2015,
p. 8). For all zones, for the period from 2001 through 2013, the annual rate of change was -1.2
percent, which corresponds to an annual population growth rate of 0.988. However, the upper 95
percent confidence limit for the same time period was 0.5 percent, corresponding to an annual
population growth rate of 1.005. We used the value of 1.005, derived from the upper confidence
limit, as the annual population growth rate for the “reasonable worst-case” scenario. If the
population truly were to grow at a sustained rate of 1.005 per year, this would represent a slow
recovery and therefore a relatively good situation for the status of the species. However, we
include it in the “reasonable worst-case” scenario because a larger number of birds in the
population makes for a higher probability of encounter between birds and Navy activities.
Therefore, the inclusion of this parameter in the “reasonable worst-case” scenario gives the
benefit of the doubt to the species. For the “reasonably certain” scenario, we used the annual
population growth rate of 0.988, which represents a shrinking population, but also a decreasing
probability of encounter between birds and Navy activities. In each case, we applied the
population growth rates to the population estimates from each conservation zone to obtain a
starting population size, and then applied the population growth rates for each subsequent year to
model the changes in the population over 20 years.
For Conservation Zones 2 through 6 (including the estimate of summer densities within 3 nm of
shore as well as winter estimates), we used the average estimated populations and population
trends as calculated using data gathered from 2001 through 2013. Average populations and
densities from the most-recent 5 years of complete data (2009 through 2013) were used as a
starting point for the analyses, then future population sizes and densities were forecasted using
the population trend over 2001 through 2013. In 2014, the NWFP EM sampling was reduced to
every other year except for Conservation Zone 5, which will be sampled every four years. (This
change did not affect Conservation Zone 6, which is not part of NWFP EM.) Some 2014 and
2015 population estimates are available but, due to the less-frequent sampling and the time-lag
between sampling and calculating population trends, population trend data that take those years
12

into account are not yet available. We used the most-recent 5 years of population estimates
(2009 through 2013) that were included in the data set used to calculate the available population
trends (2001 through 2013). We deemed it inappropriate to use population estimates from years
(2014 and 2015) that were not included in calculating population trends. Using the 2001 through
2013 population trends to forecast into the future produced population estimates for 2014 and
2015 that were significantly lower than the population estimated by the 2014 and 2015 surveys.
Regardless of population trends, if there are future years with marbled murrelet abundance
comparable to what was recorded in 2014 and 2015 this analysis may substantially underestimate
exposure to stressors in those years. It could be that 2014 and 2015 were abnormal years for
murrelets, but if the discrepancy between modeled and survey population estimates continues
(i.e. if future population trends are significantly better than the 2001 through 2013 trends, or if
anomalously high populations continue to occur occasionally) this analysis would significantly
underestimate the probability of exposure to stressors and the expected numbers of birds
exposed. Ongoing monitoring of murrelet populations will show whether the proposed action
should be reanalyzed.
We estimated starting winter marbled murrelet densities by dividing the number of birds in the
population by the area they are expected to occupy in the given scenario. First, we divided the
population size (N1, as described in Table 3) by two to estimate the number of marbled murrelet
groups (refer to Appendix G and Appendix H). Then, for the “reasonable worst-case” scenario,
we divided the starting number of groups by 123,965 nm2, which is the size of the entire offshore
study area (Kunz, pers.comm. 2015a). For the “reasonably certain” scenario, we divided the
starting number of groups by 26,999 nm2, the area within and adjacent to the study area that is
within 50 nm of the shore. Note that both of these calculations include the area up to 12 nm
from shore in California, Oregon, and southern Washington, where NWTT activities will not be
conducted; however, we assume that birds are present there. This process yielded starting winter
density estimates of 0.059 groups per nm2 for the reasonable worst-case scenario and 0.073
groups per nm2 for the “reasonably certain” scenario.
Both scenarios made identical assumptions about the proportion of time marbled murrelets are
expected to spend underwater, and these assumptions are the same as those used for inland
waters (refer to Appendix G). Actively foraging marbled murrelets spend up to 75 percent of
their time underwater (Jodice and Collopy 1999, p. 1412; Thorensen 1989, p. 36), but over the
course of a day during the breeding season, they average approximately 11 to 19 percent of their
time underwater (Henkel et al. 2003, p. 10; Jodice and Collopy 1999, p. 1412; Peery et al. 2009,
p. 128). We also expect that marbled murrelets will engage in avoidance diving in the presence
of some of the stressors analyzed here; however, we were unable to find data documenting how
much time marbled murrelets spend underwater while they are engaged in avoidance diving, nor
could we be certain which stressors might lead birds to avoidance dive, especially given that we
did not have detailed descriptions of how each event would be conducted. Therefore, we used a
neutral approach and assumed that any bird within the area of effect for a NWTT-related stressor
would be equally likely to be underwater or above the water.
For scenarios pertaining to marbled murrelets, we also had to make assumptions about where and
when the Navy would conduct the proposed activities. For example, hypothetically, if the Navy
stated that a given activity would occur year-round at distances greater than three nm from shore
in the W-237 area, we would need to form assumptions about how much of the activity would be
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done during the summer and how much during the winter, as well as how much of the activity
would be carried out between three and 12 nm from shore, and how much of the activity would
be carried out less than 50 nm from shore. These assumptions were not always needed because
the Navy provided additional information about the range of possibilities as to where and when
some of the activities would take place (refer to Table 4).
For both scenarios, when the Navy did not provide more specific information, we assumed that
events of each activity would be split evenly between summer and winter. For activities with an
odd number of events annually, we assumed that the extra event would take place during the
season when it would have the greatest effect, i.e., for events taking place farther than 12 nm
from shore, we assumed that the extra event would take place during the winter, but for events
taking place less than 12 nm from shore, we assumed that the extra event would take place
during the summer. For activities identified as taking place during the warm season only, we
assumed that these events would occur proportionally to the amount of time the warm season
overlapped with our summer and winter seasons. These assumptions about the timing of
activities held true for both scenarios. Although our analysis assumes that events will be split
exactly evenly between summer and winter (for activities with an even number of events), the
results would be similar as long as the running average over a small number of years is close to
even. However, if it happens that events are held much more often in one season than another,
for several years running, this analysis may not adequately describe the effects.
For the “reasonable worst-case scenario,” we additionally assumed that, unless otherwise
specified, the location of activities would be in the place where they would have the greatest
effect. In the case of the example given above of a year-round activity in W-237, if we only
know that the activity will take place more than three nm from shore, then in the “reasonable
worst-case” scenario, we would assume that all summer events will take place between three and
12 nm from shore, where murrelets are expected to be present. The location of winter events
does not matter in the “reasonable worst-case” scenario, because we derived the same density
estimate for the entire study area. In contrast, for the “reasonably certain” scenario, we assumed
that, unless otherwise specified, the proportion of events taking place within a specific distance
band was equal to the proportion of the whole area available for that activity that was within that
distance band.
In the example from the previous paragraph, we calculate the number of events taking place in
the summer between three and 12 nm from shore as three percent of all summer events for this
activity, because three percent of W-237 occupies this distance band. Likewise, in this example,
we calculate the number of winter events taking place less than 50 nm from shore as 18 percent
of all cold season events, because 18 percent of W-237 is within 50 nm of shore. In each case,
we rounded the result up to the next whole number, because it would not make sense to base our
calculations on a fractional number of events. The numbers of events assumed to take place
during each season and distance band are listed in Table 4.
For stressors that might be used multiple times per event (e.g., underwater explosions of
explosive sonobuoys), we applied this same reasoning to the particular item associated with the
stressor, rather than the event. This allows for movement between distance bands during a single
event, which is a possibility given that ships and aircraft are likely to be moving around while
conducting these activities.
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2.2.3 “Reasonably Certain” Scenario for Marbled Murrelets in Inland Waters
Methods for the exposure analysis for marbled murrelets in Inland Waters are outlined in
Appendix G. Although the “reasonable worst-case” scenario is not outlined explicitly in
Appendix G in the same format used in the present Appendix, a “reasonable worst-case
scenario” is implicit in the assumptions used for the Inland Waters exposure analysis. For
example, that analysis assumes that the probability of exposure to a single instance of a stressor
remains constant over the 20 year foreseeable future. This is equivalent to assuming that
population density is stable over the foreseeable future.
We also developed a “reasonably certain” scenario for marbled murrelets in Inland Waters. The
“reasonably certain” scenario for marbled murrelets in Inland Waters is the same as the
“reasonably certain” scenario for the offshore areas, with the exception of the starting population
densities and the population growth rates. Also, because each activity occurs in a relatively
small area, there was no need to make For the Inland Waters, we used the average estimated
population and population trend as calculated for Northwest Forest Plan Conservation Zone 1
using data gathered from 2011 through 2015 (for the starting population density estimate) and
2001 through 2015 (for the population growth rate) for the NWFP EM Program. assumptions
about where each event would occur (as described in Table 4 for the Offshore).

Each location where Inland Waters activities will be conducted is located within one of the strata
used in the sampling design for the NWFPEM, with the exception of one activity that is located
generally within “Puget Sound;” however, the “Puget Sound” activity did not have any stressors
that required quantitative analysis, so we did not consider it further in the scenario setup. For
each stratum, we calculated the starting density of marbled murrelet groups starting with the
2011-2015 mean murrelet densities (NWFPEMP 2016), applying three years’ worth of
population change, and dividing by the group size of two. For all Inland Waters locations, for
the “reasonably certain” scenario, we assumed that the population growth rate over the next 20
years would be 0.947, in keeping with the annual rate of change of -5.3 percent for Zone 1
between 2001 and 2015 (Lance and Pearson 2016, p. 5).
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Table 4. Navy activities occurring at various distances from shore, as assumed in marbled murrelet “reasonable worst-case” (rwcs) and “reasonably certain” (rcs) scenarios. W-237 = Warning Area 237, a special use airspace west of the Olympic Peninsula.
QRS = Quinault Range Site, which encompasses W-237A (a subset of W-237) and also includes the area between the shore (low-water line) and the landward boundary of W-237A (U.S. Department of the Navy 2015f, p. 2-32).
Percentage of location in “Reasonable worst-case” scenario – Number
“Reasonably certain” scenario – Number of
distance band (or
of events in distance bands used in exposure
events in distance bands used in to calculate
percentage of events in
calculations
number of birds
distance band)
Activity
Stressors
Location
<3
3-12
< 50
<3 nm
3- 12 nm All
Not
<3 nm
3-12 nm
< 50 nm Not
Notes
evaluated
nm
nm
nm
(summer) (summer) (winter) analyzed
(summer) (summer) (winter) analyzed
(summer,
(summer,
> 12 nm)
> 12 nm
or winter,
> 50 nm
Torpedo Testing (TT)
Torpedo strike QRS
<1
18
99
1
5
6
8
n/a
n/a
n/a
n/a
Assumptions based on additional information from
20 annual events
(in-air),
Navy (Kunz, pers. comm. 2016a). The assumption is
Warm season only
entanglement,
that at least 8 of the 20 annual events will take
Typical event > 3 nm from shore
sonobuoy
place during summer, at least 12 nm from shore.
strike
Of the rest, at most 1 event will take place during
summer less than 3 nm from shore and at most 6
will take place during summer less than 12 nm from
shore. No stressors analyzed for rcs.
Unmanned Underwater Vessel
Entanglement
QRS
<1
18
99
3
3
10
4
n/a
n/a
n/a
n/a
Assumptions based on additional information from
(UUV) testing 20 annual events
Navy (Kunz, pers. comm. 2016a). The assumption is
that at least 4 of the 20 annual events will take
place during summer, at least 12 nm from shore.
Of the rest, at most 3 events will take place during
summer less than 3 nm from shore and at most 6
will take place during summer less than 12 nm from
shore. No stressors analyzed for rcs.
Unmanned Aircraft System (UAS)
Rotor wash
QRS
<1
18
99
0
2
2
0
0
1
3
0
FEIS (U.S. Department of the Navy 2015a, p. 3.6-55)
20 annual events
implies that UAS will include 4 activities similar to
TE-Helo. Assumed numbers of events in each
distance band were similar for this event as for TEHelo (see below).
Anti-Submarine Warfare (ASW)
Entanglement, QRS
<1
18
99
0
1
3
1
n/a
n/a
n/a
n/a
Note that stressors associated with this activity
Testing
sonobuoy
were analyzed collectively with similar stressors
5 annual events
strike
associated with other activities; numbers of ASW
Testing events in these distance bands were not
used directly. No stressors analyzed for rcs.
Anti-Air Warfare Training (ACM)
Flare strike
W-237 &
(100)
n/a
(100)
225
0
225
0
n/a
n/a
n/a
n/a
Electronic Warfare Operations (EWO) flare strike
550 annual events
Olympic
stressor is included with this activity. No stressors
MOAs
analyzed for rcs.
Gunnery Exercise (GE-SA) (SurfaceIn-air sound,
W-237,
0
0
13
0
0
80
80
0
0
21
139
Used default assumptions as outlined in the text.
to-Air)
explosions, and > 20 nm
160 annual events
projectile strike
Bombing Exercise (BE-AS) Air-toExplosions at
W-237, >
0
0
13
0
0
2
2
0
0
1
3
Used default assumptions as outlined in the text.
Surface
surface, bomb
20 nm,
strike, smoke
outside of
4 annual events
Explosives used at > 50 nm only
buoy strike
OCNMS
Missile Exercise (ME-AA) (Air-to-Air) Entanglement, W-237,
0
0
0
0
0
12
12
0
0
0
24
Used default assumptions as outlined in the text.
24 annual events
expended
> 50 nm
material strike
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Table 4. Navy activities occurring at various distances from shore, as assumed in marbled murrelet “reasonable worst-case” (rwcs) and “reasonably certain” (rcs) scenarios. W-237 = Warning Area 237, a special use airspace west of the Olympic Peninsula.
QRS = Quinault Range Site, which encompasses W-237A (a subset of W-237) and also includes the area between the shore (low-water line) and the landward boundary of W-237A (U.S. Department of the Navy 2015f, p. 2-32).
Percentage of location in “Reasonable worst-case” scenario – Number
“Reasonably certain” scenario – Number of
distance band (or
of events in distance bands used in exposure
events in distance bands used in to calculate
percentage of events in
calculations
number of birds
distance band)
Activity
Stressors
Location
<3
3-12
< 50
<3 nm
3- 12 nm All
Not
<3 nm
3-12 nm
< 50 nm Not
Notes
evaluated
nm
nm
nm
(summer) (summer) (winter) analyzed
(summer) (summer) (winter) analyzed
(summer,
(summer,
> 12 nm)
> 12 nm
or winter,
> 50 nm
Missile Exercise (ME-SA) (Surface-to- In-air sound,
W-237, >
0
0
0
0
0
12
12
0
0
0
24
Used default assumptions as outlined in the text.
Air)
explosions,
50 nm,
missile strike
outside of
24 annual events
OCNMS
Missile Exercise (ME-AS) (Air-toIn-air sound,
W-237, >
0
0
0
0
0
2
2
0
0
0
4
Used default assumptions as outlined in the text.
Surface)
missile strike,
50 nm,
explosion at
outside of
4 annual events
surface
OCNMS
Intelligence, Surveillance, and
Entanglement, Offshore ,
0
(5)
18
0
5
100
95
n/a
n/a
n/a
n/a
Note that stressors associated with this activity
Reconnaissance (ISR)
sonobuoy
> 3 nm
were analyzed collectively with similar stressors
strike
associated with other activities; numbers of ISR
200 annual events
events in these distance bands were not used
95% of events >12 nm from shore
directly. No stressors analyzed for rcs.
Flare Test (EW-FT)
Flare strike
Offshore ,
0
10%
90%
0
1
5
4
n/a
n/a
n/a
n/a
Navy information (Kunz, pers. comm. 2016a)
10 annual events
> 3 nm
appeared to be self-contradictory; used the
percentages of events in each distance band to set
the numbers of events in each distance band. No
stressors analyzed for rcs.
Torpedo Non-Explosive Testing
Torpedo strike Offshore,
0
0
(50)
0
0
2
1
n/a
n/a
n/a
n/a
Navy information (Kunz, pers. comm. 2016a)
(ASUWASW Non-explosive)
> 12 nm
implied that these events will never occur between
October 11 and April 10. This seemed implausible
3 annual events
as a reasonable worst case scenario, so reverted to
50% 12-50 nm, 50% > 50 nm
the default assumptions as outlined in the text. No
stressors analyzed for rcs.
Countermeasure Testing
Entanglement, Offshore,
0
0
(50)
0
0
4
4
n/a
n/a
n/a
n/a
Used default assumptions as outlined in the text.
(ASWASWT-CT) 8 annual events
torpedo strike
> 12 nm
No stressors analyzed for rcs.
50% 12-50 nm, 50% > 50 nm
Anti-Submarine Warfare Mission
Rotor wash,
Offshore,
0
0
17
0
0
4
4
0
0
1
7
Used default assumptions as outlined in the text.
Package Testing (NSC-ASWMPT)
entanglement,
> 12 nm
torpedo strike,
8 annual events
sonar (MF4)
Tracking Exercise – Helicopter (TERotor wash,
Offshore ,
0
0
17
0
0
2
2
0
0
1
3
Used default assumptions as outlined in the text.
Helo) 4 annual events
sonar (MF4),
> 12 nm
entanglement,
sonobuoy
strike
Tracking Exercise – Maritime Patrol
Entanglement, Offshore ,
0
0
(5)
0
0
150
150
n/a
n/a
n/a
n/a
Used default assumptions as outlined in the text.
Aircraft (TE-MPA)
sonobuoy
> 12 nm
No stressors analyzed for rcs.
strike
300 annual events,
95% >50 nm, 5% 12-50 nm
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QRS = Quinault Range Site, which encompasses W-237A (a subset of W-237) and also includes the area between the shore (low-water line) and the landward boundary of W-237A (U.S. Department of the Navy 2015f, p. 2-32).
Percentage of location in “Reasonable worst-case” scenario – Number
“Reasonably certain” scenario – Number of
distance band (or
of events in distance bands used in exposure
events in distance bands used in to calculate
percentage of events in
calculations
number of birds
distance band)
Activity
Stressors
Location
<3
3-12
< 50
<3 nm
3- 12 nm All
Not
<3 nm
3-12 nm
< 50 nm Not
Notes
evaluated
nm
nm
nm
(summer) (summer) (winter) analyzed
(summer) (summer) (winter) analyzed
(summer,
(summer,
> 12 nm)
> 12 nm
or winter,
> 50 nm
Tracking Exercise – Maritime Patrol
Entanglement, Offshore ,
0
0
(5)
0
0
12
12
n/a
n/a
n/a
n/a
Used default assumptions as outlined in the text.
Aircraft (TE-Ext)
sonobuoy
> 12 nm
No stressors analyzed for rcs.
strike
24 annual events
95% >50 nm, 5% 12-50 nm
Maritime Patrol Aircraft, Directional Entanglement, Offshore ,
0
0%
3.5%
0
0
6
14
n/a
n/a
n/a
n/a
Navy information (Kunz, pers. comm. 2016a)
Command Activated Sonobuoy
sonobuoy
> 12 nm,
indicated that no more than 6 events would take
(ASWTT-MPADICASS)
strike
outside of
place annually between October 11 and April 10.
OCNMS
This seemed implausible as a reasonable worst case
28 annual events
scenario, so reverted to the default assumptions as
outlined in the text. No stressors analyzed for rcs.
Maritime Patrol Aircraft (Multistatic Entanglement, Offshore ,
0
0%
14.3%
0
0
14
0
n/a
n/a
n/a
n/a
Navy information (Kunz, pers. comm. 2016a)
Active Coherent) (ASWTT-MPAMAC) sonobuoy
> 12 nm,
indicated that it is possible that all annual events
14 annual events
strike
outside of
may take place during winter. This assumption is
OCNMS
more conservative than the default assumption.
No stressors analyzed for rcs.
Maritime Patrol Aircraft (Sound
Underwater
Offshore ,
0
0%
20%
0
0
5
0
0
0
1
4
Assumptions based on additional information from
Underwater Signal) (ASWTTexplosion,
> 12 nm,
Navy (Kunz, pers. comm. 2016a); these
MPASUS)
entanglement, outside of
assumptions are more conservative than the
sonobuoy
OCNMS
default assumptions outlined in text.
5 annual events
strike
Maritime Patrol Aircraft (Improved
Underwater
Offshore ,
0
0%
33.3%
0
0
6
0
0
0
2
4
Assumptions based on additional information from
Extended Echo Ranging)(ASWTTexplosion,
> 12 nm,
Navy (Kunz, pers. comm. 2016a); these
MPAIEER)
entanglement, outside of
assumptions are more conservative than the
sonobuoy
OCNMS
default assumptions outlined in text.
6 annual events
strike
Maritime Patrol Aircraft (High Duty
Entanglement, Offshore ,
0
0%
50%
0
0
1
0
n/a
n/a
n/a
n/a
Used default assumptions as outlined in the text.
Cycle)(ASWTT-MPAHDC)
sonobuoy
> 12 nm,
No stressors analyzed for rcs.
strike
outside of
1 annual event
OCNMS
Gunnery Exercise (GE-SS) (SurfaceIn-air sound,
Offshore ,
0
0
14
0
0
100
100
0
0
14
186
Used default assumptions as outlined in the text.
to-Surface)
projectile
> 20 nm
strike, and
200 annual events
explosions at
surface
Torpedo (Explosive) Testing
Rotor wash,
Offshore,
0
0
0
0
0
2
1
0
0
0
3
Used default assumptions as outlined in the text.
(ASWASWT-TT) 3 annual events
entanglement,
> 50 nm
torpedo strike,
underwater
explosions
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2.3 Probability Framework
The calculations for probability of exposure and the number of birds reasonably certain to be
exposed are based on a model of exposure that follows a Poisson probability distribution. The
overall framework for this probability model is explained in Appendix H. Although Appendix H
refers specifically to marbled murrelets and references specific spreadsheets, the method is easily
generalized to other species and does not depend on any specific spreadsheet.
In order to assess the probability of exposure or the number of birds exposed to a stressor, we
had to determine the area affected by the stressor, the density of birds within the area affected by
the stressor, and the number of times the stressor will occur. Detailed information about the area
of effect and number of instances of each stressor is listed below in Section 2.4, Tables 5 through
12.
We determined the area affected by each stressor based on information in the Final
Environmental Impact Statement (FEIS) for the NWTT (U.S. Department of the Navy 2015b;
U.S. Department of the Navy 2015c; U.S. Department of the Navy 2015d; U.S. Department of
the Navy 2015e), the matrix, and the sound thresholds described in the body of the Biological
Opinion, supplemented by other sources as needed. These stressors, the area affected, and the
relevant information sources are listed below in Section 2.4, Tables 5 through 12.
The explanations of the “reasonable worst-case” and “reasonably certain” scenarios above
describe the methods we used to derive the densities of short-tailed albatross and marbled
murrelets in various parts of the study area. For stressors that affected only submerged birds or
only birds above the surface, we multiplied the overall density by the proportion of birds we
expect to be underwater or above the surface, respectively, to give the density of birds within the
area affected by the stressor. The mean (expected) number of birds (for short-tailed albatross) or
groups (for marbled murrelets) affected by each instance of a stressor was computed by
multiplying the area affected by the stressor by the density of birds or groups in the area. This
analysis assumes that birds (or groups) are distributed randomly in the section of the study area
in question. In reality, the distribution of birds (or groups) is likely to be more clustered than
random, given that, among other factors, birds are likely to spend time in areas with rich foraging
opportunities, and these are not randomly distributed throughout the analysis area (Raphael et al.
2015, p. 6; Suryan et al. 2012, pp. 221-222). Therefore, if the Navy conducts its activities in
places where foraging opportunities are abundant and birds are more likely to be present than the
random model would predict, then our estimates of exposure probability and number of birds
exposed will be too low. If the Navy conducts its activities in places where foraging
opportunities are scarce and birds are more likely to be absent than the random model would
predict, then our estimates of exposure probability and the number of birds exposed will be too
high. If the Navy could identify and avoid conducting some or all of its activities in seabird
“hotspots,” this conservation measure could reduce the actual exposure of listed seabirds to the
stressors discussed below.
In most cases, the number of instances of a given stressor was provided in the matrix or the
FEIS. However, in the case of sonar emissions, the number of instances was not always clear.
Quantification of sonar sources was provided in a variety of ways in the matrix. Some sonar
sources were quantified in “counts,” with each count representing one unit of battery-powered
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equipment. Each unit emits sound for approximately eight minutes (Fitzgerald, pers. comm.
2015). Other sonar sources were quantified in hours per year, but information was lacking
regarding the duration of individual bouts of sonar. Descriptions of some events given in the
matrix note that sound may be emitted for periods of a few minutes or a few hours. In these
cases, we assumed that sonar emissions would occur in five-minute bouts. Because the average
length of continuous emission is likely longer than five minutes, dividing the hours per year into
five-minute bouts likely provides an overestimate of the number of opportunities for birds to be
exposed to the sound, but also may result in an underestimate of the area affected by sound
pressure levels above the threshold for injury.
In general, the probability framework we use here assumes that each instance of a stressor is
independent from other instances of the stressor. This is unlikely to be strictly true for some of
the stressors analyzed here. For example, when a single event involves multiple explosive
sonobuoys, the resulting explosions may take place close enough together in space and time that
they are not truly independent from one another. However, in such cases we were not able to
determine how many genuinely independent instances would occur, so we generally used the
simple assumption that the number of instances would be equivalent to the number of stressorcausing items used. In some cases, such as for non-explosive projectiles, we were able to make
at least some adjustment to account for non-independence of individual projectile firings.
Details about these adjustments are given in the tables below.
The area of effect, density of birds within the area of effect, and number of instances of the
stressor were used to compute the cumulative probability of exposure and number of birds
exposed, as explained in Appendix H, with additional details added below in Sections 2.6 and
2.7.
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2.4 Navy Activity Stressors Analyzed
Tables 5 through 12 in this section list the details used to analyze exposure to the effects of each stressor in the offshore area, as well as the details used to calculate the number of marbled murrelet groups expected to be
exposed to stressors in the Inland Waters.
Table 5. Rotor wash from hovering helicopters. Stressors related to non-hovering helicopters were not analyzed quantitatively. This stressor affects the proportion of birds that are not underwater.
Stressor
Aircraft rotor wash:
manned rotary wing
(includes hovering
helicopters only)

Area of
Events
Effect (nm2)
0.002205143
(circle of radius 3*53.66’)
Torpedo (Explosive) Testing
(ASWASWT-TT) – use of hovering
helicopters to recover non-explosive
practice torpedoes
Anti-Submarine Warfare Mission
Package Testing (NSC-ASWMPT) – use
of hovering helicopters to deploy
dipping sonar
Tracking Exercise – Helicopter (TE-Helo)
– use of hovering helicopters to deploy
dipping sonar

Aircraft strike and rotor
wash: unmanned rotary wing

0.0005817
(circle of
radius
3*27.5’)

Unmanned Aircraft System (UAS)

Duration
per event

Events
per year

Instances per year

< 5 min
per
torpedo

3

6 (STAL)
2 (MAMU, rwcs)
0 (MAMU, rcs)

average
75
minutes
total per
event
average
60
minutes
total per
event
average
60
minutes
total per
event

8

120 (STAL)
60 (MAMU, rwcs)
11 (MAMU, rcs)

4

48 (STAL)
24 (MAMU, rwcs)
12 (MAMU, rcs)

4

48 (STAL)
24 (MAMU, rwcs)
12 (MAMU, rcs)
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Sources and notes (all information without identified source is from the matrix)
(Federal Aviation Administration 2014, p. 7-3-6): "Pilots of small aircraft should avoid
operating within three rotor diameters of any helicopter in a slow hover taxi or
stationary hover;" Helicopter listed in FEIS (U.S. Department of the Navy 2015b, p.
3.0-46) is MH-60, which has rotor diameter 53.66 feet (Lockheed Martin Corporation
2011); Number of instances depends on the purpose of the hovering helicopter: For
torpedo recovery, number of instances is the number of non-explosive practice
torpedoes. For dipping sonar deployment, number of instances is the number of
annual hours of sonar, multiplied by 12 to represent sonar deployment for 5 minutes
at a time.

FAA recommendations as above. Although this action is described as using aircraft
10’ in length and less, the only rotary-wing UAS listed in FEIS is Fire Scout (U.S.
Department of the Navy 2015b, p. 3.0-46); according to the manufacturer (Northrop
Grumman Systems Corporation 2015), the smallest model of the Fire Scout used by
the Navy, MQ-8B, has 27.5 foot rotor diameter. Based on FEIS (U.S. Department of
the Navy 2015a, p. 3.6-55), this activity will include four activities similar to TE-Helo;
see above for number of instances.

Table 6. Entanglement. These stressors were only analyzed under the reasonable-worst case scenario.
Stressor
Entanglement
(parachutes and
guidance wires)

Area of
Events
Effect (nm2)
4.37E-06 (STAL)
5.83E-07 (MAMU)
Approximate size of bird plus a 1 m buffer
All events – parachutes and decelerators
Tracking Exercise – Helicopter (TE-Helo) – parachutes and
decelerators
Tracking Exercise – Maritime Patrol Aircraft (TE-MPA) – parachutes
and decelerators
Tracking Exercise – Maritime Patrol Aircraft (TE-Ext) – parachutes
and decelerators
Torpedo Testing (TT) – parachutes and decelerators
Maritime Patrol Aircraft, Directional Command Activated
Sonobuoy (ASWTT-MPADICASS) – parachutes and decelerators
Maritime Patrol Aircraft (Multistatic Active Coherent) (ASWTTMPAMAC) – parachutes and decelerators
Maritime Patrol Aircraft (Sound Underwater Signal) (ASWTTMPASUS) – parachutes and decelerators
Maritime Patrol Aircraft (High Duty Cycle)(ASWTT-MPAHDC) –
parachutes and decelerators
Missile Exercises (ME-AA) (Air-to-Air) – parachutes and
decelerators
Maritime Patrol Aircraft (Sound Underwater Signal) (ASWTTMPASUS) – parachutes associated with explosive sonobuoys
Maritime Patrol Aircraft (Improved Extended Echo
Ranging)(ASWTT-MPAIEER) – parachutes associated with explosive
sonobuoys
Bombing Exercise (BE-AS) Air-to-Surface– parachutes and
decelerators
Torpedo Testing (TT) – guidance wire – parachutes and
decelerators
Countermeasure Testing (ASWASWT-CT) – guidance wire
Anti-Submarine Warfare Mission Package Testing (NSC-ASWMPT)
– guidance wire
Unmanned Underwater Vessel (UUV) testing – guidance wire
Torpedo (Explosive) Testing (ASWASWT-TT) – guidance wire
Torpedo Non-Explosive Testing (ASUWASW Non-explosive) –
guidance wire

Instances per year

7,796
(STAL and MAMU)
16 (STAL)
8 (MAMU)
880 (STAL)
440 (MAMU)
720 (STAL)
360 (MAMU)
199 (STAL)
120 (MAMU)
170 (STAL)
85 (MAMU)
170
(STAL and MAMU)
12
(STAL and MAMU)
16
(STAL and MAMU)
30 (STAL)
15 (MAMU)
72 (STAL)
36 (MAMU)
70 (STAL)
35 (MAMU)
30 (STAL)
15 (MAMU)
102 (STAL)
63 (MAMU)
123 (STAL)
62 (MAMU)
16 (STAL)
8 (MAMU)
20 (STAL)
16 (MAMU)
12 (STAL)
8 (MAMU)
18 (STAL)
12 (MAMU)

Sources and notes (all information without identified source is from the matrix)
This stressor may affect birds that are above water or underwater during the time it takes for
the parachute or guidance wire to sink. The analysis assumes that it takes less than 30 minutes
for the item to sink below the diving depths of MAMU and STAL.
Matrix does not give numbers of parachutes for all events that use them. The number of
parachutes used in calculations is from FEIS (U.S. Department of the Navy 2015b, p. 3.4-67),
minus the number of parachutes that could be assigned to a particular event.

Assumed one guidance wire per torpedo. Matrix lists 123 non-explosive torpedoes per year.

Assumed one guidance wire per torpedo. Matrix lists 18 non-explosive torpedoes per year.
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Table 7. Strike by small falling objects. These stressors were only analyzed under the reasonable-worst case scenario.
Stressor
Sonobuoy
strike

Area of Effect
Events
(nm2)
4.37E-06 (STAL)
Approximate size of bird plus a 1 m buffer
All events – non-explosive sonobuoys

7,881
(STAL and MAMU)

Tracking Exercise – Helicopter (TE-Helo) – non-explosive
sonobuoys
Tracking Exercise – Maritime Patrol Aircraft (TE-MPA) – nonexplosive sonobuoys
Tracking Exercise – Maritime Patrol Aircraft (TE-Ext) – nonexplosive sonobuoys
Torpedo Testing (TT) – non-explosive sonobuoys

16 (STAL)
8 (MAMU)
880 (STAL)
440 (MAMU)
720 (STAL)
360 (MAMU)
63 (STAL)
39 (MAMU)
170 (STAL)
85 (MAMU)
170
(STAL and MAMU)
12
(STAL and MAMU)
16
(STAL and MAMU)
72 (STAL)
36 (MAMU)
70 (STAL)
35 (MAMU)
30 (STAL)
15 (MAMU)

Maritime Patrol Aircraft, Directional Command Activated
Sonobuoy (ASWTT-MPADICASS) – non-explosive sonobuoys
Maritime Patrol Aircraft (Multistatic Active Coherent) (ASWTTMPAMAC) – non-explosive sonobuoys
Maritime Patrol Aircraft (Sound Underwater Signal) (ASWTTMPASUS) – non-explosive sonobuoys
Maritime Patrol Aircraft (High Duty Cycle)(ASWTT-MPAHDC) –
non-explosive sonobuoys
Maritime Patrol Aircraft (Sound Underwater Signal) (ASWTTMPASUS) – explosive sonobuoys
Maritime Patrol Aircraft (Improved Extended Echo
Ranging)(ASWTT-MPAIEER) – explosive sonobuoys
Bombing Exercise (BE-AS) Air-to-Surface – smoke buoys
Flare strike

Instances per year

8.75E-07 (STAL)
2.92E-07 (MAMU)
(Each is the approximate size of a bird, rounded up to nearest m2, converted to nm2)
Anti-Air Warfare Training (ACM) and Electronic Warfare
Operations (EWO) (combined)
Flare test (EW-FT)

224
(STAL and MAMU)
600
(STAL and MAMU)

Sources and notes (all information without identified source is from the matrix)
This stressor may affect birds that are above water or underwater during the time it takes for
the parachute or guidance wire to sink. The analysis assumes that it takes less than 30 minutes
for the item to sink below the diving depths of MAMU and STAL.
Matrix does not give numbers of non-explosive sonobuoys for all events that use them. The
number of non-explosive sonobuoys used in calculations is from FEIS (U.S. Department of the
Navy 2015b, p. 3.0-45), minus the number of non-explosive sonobuoys that could be assigned
to a particular event.

These are similar to smoke buoys, according to information provided by the Navy (Kunz, pers.
comm. 2016b)

FEIS (U.S. Department of the Navy 2015c, pp. A-2, A-19) notes that flares used in these activities
are described as part of a “Flare exercise” activity. FEIS (U.S. Department of the Navy 2015c, p.
3.0-51)shows 224 total flares used during training.
FEIS (U.S. Department of the Navy 2015c, p. A-75) lists 60 flares/event, matrix lists 10 events/yr
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Table 8. Torpedoes – in-air stressors. The analysis below examines effects to birds that are above the surface of the water, along the in-air portion of the torpedo’s trajectory. These stressors were analyzed for the reasonable
worst-case scenario only.
Stressor

Area of Effect (nm2)

Events

Instances per year

Sources and notes (all information without identified source is from the matrix)

Torpedo strike –
aerially deployed
torpedo

3.06E-05 (STAL)
0.0003579 (MAMU)

Torpedo Testing (TT)

1 (STAL and MAMU)

Torpedo strike –
torpedo
deployed from
surface ship

4.67E-06 (STAL)
2.00E-06 (MAMU)

Torpedo Testing (TT)

101 (STAL)
63 (MAMU)
123 (STAL)
62 (MAMU)
12 (STAL)
8 (MAMU)
18 (STAL)
12 (MAMU)
16 (STAL)
8 (MAMU)

For this analysis, assumed that the relevant portion of the missile’s trajectory was the hypotenuse
of an isosceles right triangle with vertices at the point at which the torpedo entered the elevations
where birds might be flying, directly below that point at the surface, and at the point where the
torpedo enters the water. The area of effect was the length of the leg of the triangle along the
surface of the water, and the width of the torpedo plus a buffer to account for an albatross or a
murrelet group. For STAL, the area of effect was 30 m long and 3.5 m wide. For MAMU, it was
2,685’ long and 1.5 m wide.
Assumed that all torpedoes except for the one launched aerially would be launched from above the
water on a surface ship. In this situation torpedoes are expected to travel 15’ before entering the
water (Kunz, pers. comm. 2016b). The area of effect is 15’ long and the width is 3 m for STAL and
1.5 m for MAMU.

Countermeasure Testing (ASWASWTCT) – non-explosive torpedo
Torpedo (Explosive) Testing
(ASWASWT-TT)
Torpedo Non-Explosive Testing
(ASUWASW Non-explosive)
Anti-Submarine Warfare Mission
Package Testing (NSC-ASWMPT)
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Table 9. Gunnery projectiles, missiles, and bombs include multiple stressors: projectile strike; bow shock wave and sound from supersonic projectiles; muzzle blast shock wave and sound from large caliber guns; inair and underwater sound from non-explosive munitions striking the water; fragment strike, shock wave, and sound from in-air explosions (including explosions that occur at the surface); and shock wave and
underwater sound from explosions that occur at the surface
Stressor
Small caliber
gunnery projectiles

Area of Effect (nm2)
0.003199 (STAL)
0.001066 (MAMU)

Events
Gunnery Exercise (GE-SS) (Surfaceto-Surface)

Medium and large
caliber gunnery
projectiles (nonexplosive)

Instances per year
24,240 (STAL)
12,120 (MAMU,
rwcs)
1,697 (MAMU, rcs)

0.03794 (bow shock)

Gunnery Exercise (GE-SA)
(Surface-to-Air) medium caliber –
56 mm

0.01764 (bow shock)

Gunnery Exercise (GE-SA)
(Surface-to-Air) medium caliber –
40 mm

0.005786 (bow shock)

Gunnery Exercise (GE-SA)
(Surface-to-Air) medium caliber –
25 mm

484 (STAL, rcs)
32 (MAMU, rcs)

0.003975 (bow shock)

Gunnery Exercise (GE-SA)
(Surface-to-Air) medium caliber –
20 mm

484 (STAL, rcs)
32 (MAMU, rcs)

0.04140 (bow shock)

Gunnery Exercise (GE-SS) (Surfaceto-Surface) medium caliber – 56
mm

0.02910 (bow shock)

Gunnery Exercise (GE-SS) (Surfaceto-Surface) medium caliber – 40
mm
Gunnery Exercise (GE-SS) (Surfaceto-Surface) medium caliber – 25
mm
Gunnery Exercise (GE-SS) (Surfaceto-Surface) medium caliber – 20
mm

6,698 (STAL, rwcs)
3,350 (MAMU, rcs)
1,675 (STAL, rcs)
118 (MAMU, rcs)
6,699 (STAL, rwcs)
1,675 (STAL, rcs)
118 (MAMU, rcs)
1,675 (STAL, rcs)
118 (MAMU, rcs)

0.01780 (bow shock)
0.01322 (bow shock)

1,936 (STAL, rwcs)
484 (STAL, rcs)
968 (MAMU, rwcs)
32 (MAMU, rcs)
484 (STAL, rcs)
32 (MAMU, rcs)

1,675 (STAL, rcs)
118 (MAMU, rcs)

Sources and notes (all information without identified source is from the matrix)
The area of effect will be the length of the bullet’s trajectory (4000 yards) (U.S. Department of the Navy 2015c, p. 5-40) and
the width of a buffer to account for the presence of an albatross (3 m) or murrelet group (1 m).
Area of effect for medium caliber projectiles is determined by bow shock wave along trajectory only. For large caliber
projectiles, the area of effect also includes muzzle blast. These projectiles are associated with multiple, rapid gun firings (U.S.
Department of the Navy 2015b, p. 3.0-35). Without further information, assumed that "multiple" means five; the number of
instances for these stressors is the number of rounds divided by five, rounded up to the nearest higher whole number.
Assumed for the rwcs that all medium caliber projectiles would be the maximum size (56 mm), but for the rcs, assumed that
medium caliber projectiles would be distributed evenly between 20 mm, 25 mm, 40 mm, and 56 mm.
Length of trajectory is 7 nm (U.S. Department of the Navy 2015c, p. 5-70). Corrected for the portion of the trajectory along
which the area of effect is expected to be exclusively above 20 m asl, bow shock wave area of effect is 3,3522 m long
(calculations in Trajectory_corrections.docx) and 38.8 m wide (calculations in spreadsheet Missile_bow_shock_radius.xlsx).
Length of trajectory is 11,000 yards long (max distance of 40 mm projectile (Destroyer Escort Historical Museum 2016)).
Corrected for the portion of the trajectory along which the area of effect is expected to be exclusively above 20 m asl, bow
shock wave area of effect is 2,217 m long (calculations in Trajectory_corrections.docx) and 27.3 m wide (calculations in
spreadsheet Missile_bow_shock_radius.xlsx).
Length of trajectory is 7,000 yards long (max distance of 20 mm projectile (NavWeaps August 28, 2012)). Corrected for the
portion of the trajectory along which the area of effect is expected to be exclusively above 20 m asl, bow shock wave area of
effect is 1,189 m long (calculations in Trajectory_corrections.docx) and 16.7 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx).
Length of trajectory is 7,000 yards long (max distance of 20 mm projectile (NavWeaps August 28, 2012)). Corrected for the
portion of the trajectory along which the area of effect is expected to be exclusively above 20 m asl, bow shock wave area of
effect is 1,100 m long (calculations in Trajectory_corrections.docx) and 12.4 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx).
The target location for these projectiles is up to 4,000 yards away from the firing location (U.S. Department of the Navy
2015c, p. 5-41). Bow shock wave area of effect is 4,000 yards long and 38.8 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx).
The target location for these projectiles is up to 4,000 yards away from the firing location (U.S. Department of the Navy
2015c, p. 5-41). Bow shock wave area of effect is 4,000 yards long and 27.3 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx).
The target location for these projectiles is up to 4,000 yards away from the firing (U.S. Department of the Navy 2015c, p. 541). Bow shock wave area of effect is 4,000 yards long and 16.7 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx).
The target location for these projectiles is up to 4,000 yards away from the firing location (U.S. Department of the Navy
2015c, p. 5-41). Bow shock wave area of effect is 4,000 yards long and 12.4 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx).
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Table 9. Gunnery projectiles, missiles, and bombs include multiple stressors: projectile strike; bow shock wave and sound from supersonic projectiles; muzzle blast shock wave and sound from large caliber guns; inair and underwater sound from non-explosive munitions striking the water; fragment strike, shock wave, and sound from in-air explosions (including explosions that occur at the surface); and shock wave and
underwater sound from explosions that occur at the surface
Stressor

Medium-caliber
gunnery projectiles
(E1 explosives)

Underwater sound
from surface
explosions (E1)
Large caliber
projectiles: strike

Area of Effect (nm2)

Events

Instances per year

0.1279 (bow shock) +
0.0058 (muzzle blast
noise) = 0.1328 total

Gunnery Exercise (GE-SA)
(Surface-to-Air) large caliber

16 (STAL)
8 (MAMU, rwcs)
2 (MAMU, rcs)

0.2693 (bow shock) +
0.0058 (muzzle blast
noise) = 0.2751 total

Gunnery Exercise (GE-SS) (Surfaceto-Surface) large caliber

544 (STAL)
272 (MAMU, rwcs)
39 (MAMU, rcs)

0.03794 (bow shock) +
0.05333 (explosion) =
0.09127 total

Gunnery Exercise (GE-SA)
(Surface-to-Air) medium caliber –
56 mm

0.01764 (bow shock) +
0.05333 (explosion) =
0.07097 total

Gunnery Exercise (GE-SA)
(Surface-to-Air) medium caliber –
40 mm

6,320 (STAL, rwcs)
3,160 (MAMU, rwcs)
1,580 (STAL, rcs)
103 (MAMU, rcs)
1,580 (STAL, rcs)
103 (MAMU, rcs)

0.005786 (bow shock)
+ 0.05333 (explosion)
= 0.05912 total

Gunnery Exercise (GE-SA)
(Surface-to-Air) medium caliber –
25 mm

1,580 (STAL, rcs)
103 (MAMU, rcs)

0.003975 (bow shock)
+ 0.05333 (explosion)
= 0.05731 total

Gunnery Exercise (GE-SA)
(Surface-to-Air) medium caliber –
20 mm

1,580 (STAL, rcs)
103 (MAMU, rcs)

0.01780 (bow shock) +
0.05333 (explosion) =
0.07113 total

Gunnery Exercise (GE-SS) (Surfaceto-Surface) medium caliber – 25
mm

48 (STAL)
24 (MAMU, rwcs)
4 (MAMU, rcs)

0.0004433 (STAL)
0.003870 (MAMU,
rwcs)

Gunnery Exercise (GE-SS) (Surfaceto-Surface) medium caliber E1

48 (STAL)
24 (MAMU, rwcs)

Sources and notes (all information without identified source is from the matrix)
Length of trajectory is 7 nm (U.S. Department of the Navy 2015c, p. 5-70). (NavWeaps August 28, 2012)). Corrected for the
portion of the trajectory along which the area of effect is expected to be exclusively above 20 m asl, bow shock wave area of
effect is 5,240 m long (calculations in Trajectory_corrections.docx) and 83.1 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx). Area of effect for muzzle blast is a circle of radius 79.7 m.
The target location for these projectiles is up to 6 nm away from the firing location (U.S. Department of the Navy 2015c, p. 541). Bow shock wave area of effect is 6 nm long and 83.1 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx).
Area of effect includes bow shock wave along trajectory and radius to effect from explosion. For or the rwcs that all medium
caliber projectiles would be the maximum size (56 mm), but for the rcs, assumed that surface-to-surface E1 projectiles would
be 25 mm (U.S. Department of the Navy 2015c, p. 5-28) and that surface-to-air E1 projectiles would be distributed evenly
between 20 mm, 25 mm, 40 mm, and 56 mm.
Length of trajectory is 7 nm (U.S. Department of the Navy 2015c, p. 5-70). Corrected for the portion of the trajectory along
which the area of effect is expected to be exclusively above 20 m asl, bow shock wave area of effect is 3,352 m long
(calculations in Trajectory_corrections.docx) and 38.8 m wide (calculations in spreadsheet Missile_bow_shock_radius.xlsx).
Area of effect for explosion is a circle of radius 241 m, the zone in which there is danger of being struck by fragments.
Length of trajectory is 11,000 yards long (max distance of 40 mm projectile (Destroyer Escort Historical Museum 2016)).
Corrected for the portion of the trajectory along which the area of effect is expected to be exclusively above 20 m asl, bow
shock wave area of effect is 2,217 m long (calculations in Trajectory_corrections.docx) and 27.3 m wide (calculations in
spreadsheet Missile_bow_shock_radius.xlsx). Area of effect for explosion is a circle of radius 241 m, the zone in which there
is danger of being struck by fragments.
Length of trajectory is 7,000 yards long (max distance of 20 mm projectile (NavWeaps August 28, 2012)). Corrected for the
portion of the trajectory along which the area of effect is expected to be exclusively above 20 m asl, bow shock wave area of
effect is 1,189 m long (calculations in Trajectory_corrections.docx) and 16.7 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx). Area of effect for explosion is a circle of radius 241 m, the zone in which there is danger of
being struck by fragments.
Length of trajectory is 7,000 yards long (max distance of 20 mm projectile (NavWeaps August 28, 2012)). Corrected for the
portion of the trajectory along which the area of effect is expected to be exclusively above 20 m asl, bow shock wave area of
effect is 1,100 m long (calculations in Trajectory_corrections.docx) and 12.4 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx). Area of effect for explosion is a circle of radius 241 m, the zone in which there is danger of
being struck by fragments.
The target location for these projectiles is up to 4,000 yards away from the firing location (U.S. Department of the Navy
2015c, p. 5-41). Bow shock wave area of effect is 4,000 yards long and 16.7 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx). Area of effect for explosion is a circle of radius 241 m, the zone in which there is danger of
being struck by fragments.
Area of effect determined by the larger of the radius to effect for barotrauma or the radius to 237 dBA peak. For STAL, this
was a radius of 22 m, and for MAMU (rwcs), a radius of 65 m. This stressor was not analyzed for the “reasonably certain”
scenario.
Area of effect includes muzzle blast, bow shock wave along trajectory, and radius to effect from explosion. All explosions
were assumed to be E5.
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Table 9. Gunnery projectiles, missiles, and bombs include multiple stressors: projectile strike; bow shock wave and sound from supersonic projectiles; muzzle blast shock wave and sound from large caliber guns; inair and underwater sound from non-explosive munitions striking the water; fragment strike, shock wave, and sound from in-air explosions (including explosions that occur at the surface); and shock wave and
underwater sound from explosions that occur at the surface
Stressor
by projectile or
fragments, in-air
sound and shock
wave from muzzle
blast, bow shock
wave, and surface
explosion (E3 and
E5)
Underwater sound
from surface
explosions (E3 or
E5)
Fragment strike
from in-air
explosions (E7)

Air-to-air missiles:
non-explosive
practice missile—
underwater sound
Air-to-air missiles:
non-explosive
practice missile
strike and in-air
sound
Missile and
fragment strike, inair sound and shock
wave from bow
shock wave and inair explosions (E8)

Area of Effect (nm2)

Events

0.1270 (bow shock) +
0.0058 (muzzle blast
noise) + 0.1788
(explosion) = 0.3116
total
0.2693 (bow shock) +
0.0058 (muzzle blast
noise) + 0.1788
(explosion) = 0.4539
total
0.005152 (STAL)
0.05232 (MAMU,
rwcs)
0.03307 (MAMU, rcs)

Gunnery Exercise (GE-SA)
(Surface-to-Air) large caliber E3 or
E5

230 (STAL)
115 (MAMU, rwcs)
15 (MAMU, rcs)

Gunnery Exercise (GE-SS) (Surfaceto-Surface) large caliber E3 or E5

80 (STAL)
40 (MAMU, rwcs)
6 (MAMU, rcs)

Gunnery Exercise (GE-SS) (Surfaceto-Surface) large caliber E3 or E5

80 (STAL)
40 (MAMU, rwcs)
6 (MAMU, rcs)

0.266 (fragmentation
from E7 explosion)

Missile Exercise (ME-AA) (Air-toAir)

15 (STAL)
8 (MAMU, rwcs)
0 (MAMU, rcs)

Only effect expected to come from fragments falling. Assume the radius in which these fragments fall is equivalent to the
fragmentation radius, 539 m (based on guidelines from The National Counterterrorism Center 2014). Minimum altitude of
the missile firing, trajectory, and explosion is 15,000 feet/4572 m. Radius to effect for bow shock wave is 118-202 m for airto-air missiles, so will not extend into zone where birds are likely to be present.

7.419E-05

Missile Exercise (ME-AA) (Air-toAir)—non-explosive practice
missile

15 (STAL)
8 (MAMU, rwcs)
0 (MAMU, rcs)

0.01
068

Missile Exercise (ME-AA) (Air-toAir)—non-explosive practice
missile

15 (STAL)
8 (MAMU, rwcs)
0 (MAMU, rcs)

Non-explosive practice missile may make loud noise when it strikes the water surface (McLennan 1997, entire). We
calculated an underwater peak sound level of 257 dB re: 1 µPa-m, based on the dimensions of an AIM-7 Sparrow missile
(Designation Systems 2016) falling along its short axis at terminal velocity (calculations in
sounds_of_NEPM_hitting_water.xlsx). This results in a radius of effect of 9 m (calculations in RTE_splashing_bombs.xlsx).
Non-explosive practice missile may make loud noise when it strikes the water surface (McLennan 1997, entire). We
calculated an in-air peak sound level of 195 dB re: 20 µPa-m by subtracting 62 dB (Finfer et al. 2008, pp. 464-466) from the
underwater peak sound level described above. This results in a radius of effect of 108 m (calculations in
RTE_splashing_bombs.xlsx).

9.155 (bow shock
wave) + 0.2944 (E8
explosion) = 9.449
total

Missile Exercise (ME-SA) (Surfaceto-Air) (long-range missile)

1 (STAL)
1 (MAMU, rwcs)
0 (MAMU, rcs)

0.5553 (bow shock
wave) + 0.2944 (E8
explosion) = 0.8497
total

Missile Exercise (ME-SA) (Surfaceto-Air) (shorter-range missile)

7 (STAL)
3 (MAMU, rwcs)
0 (MAMU, rcs)

Instances per year

Sources and notes (all information without identified source is from the matrix)
Length of trajectory is 7 nm (U.S. Department of the Navy 2015c, p. 5-70). Corrected for the portion of the trajectory along
which the area of effect is expected to be exclusively above 20 m asl, bow shock wave area of effect is 5,240 m long
(calculations in Trajectory_corrections.docx) and 83.1 m wide (calculations in spreadsheet Missile_bow_shock_radius.xlsx).
Area of effect for muzzle blast is a circle of radius 79.7 m. Area of effect for explosion is a circle of radius 442 m, the zone in
which there is danger of being struck by fragments.
The target location for these projectiles is up to 6 nm away from the firing location (U.S. Department of the Navy 2015c, p. 541). Bow shock wave area of effect is 6 nm long and 83.1 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx). Area of effect for muzzle blast is a circle of radius 79.7 m. Area of effect for explosion is a
circle of radius 442 m, the zone in which there is danger of being struck by fragments. Assumed that all explosions take place
at the surface.
Area of effect determined by the larger of the radius to effect for barotrauma or the radius to 237 dBA peak. For STAL, this
was a radius of 75 m; for MAMU (rwcs), a radius of 239 m; and for MAMU (rcs), a radius of 190 m.

Area of effect includes bow shock wave, and explosion. Altitude of explosion is unknown. Long-range events (assumed to be
once per year) may involve the firing of missiles at targets in excess of 80 nm away (U.S. Department of the Navy 2015c, p. 570). Area of effect from bow shock wave is 100 nm long and 169.6 m wide (calculations in spreadsheet
Missile_bow_shock_radius.xlsx). Area of effect for explosion is a circle of radius 567 m, the zone in which there is danger of
being struck by fragments.
Area of effect includes bow shock wave, and explosion. Altitude of explosion is unknown. Shorter-range events involve the
firing of missiles at targets in several thousands of yards away (U.S. Department of the Navy 2015c, p. 5-70). Area of effect
from bow shock wave is 5 nm long and 205.7 m wide (calculations in spreadsheet Missile_bow_shock_radius.xlsx). Area of
effect for explosion is a circle of radius 567 m, the zone in which there is danger of being struck by fragments.
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Table 9. Gunnery projectiles, missiles, and bombs include multiple stressors: projectile strike; bow shock wave and sound from supersonic projectiles; muzzle blast shock wave and sound from large caliber guns; inair and underwater sound from non-explosive munitions striking the water; fragment strike, shock wave, and sound from in-air explosions (including explosions that occur at the surface); and shock wave and
underwater sound from explosions that occur at the surface
Stressor

Area of Effect (nm2)

Events

Instances per year

Sources and notes (all information without identified source is from the matrix)

Missile and
fragment strike, inair sound and shock
wave from bow
shock wave and
surface explosions
(E10)

4.726 (bow shock
wave) + 0.3935 (E10
explosion) = 5.120
total

Missile Exercise (ME-AS) (Air-toSurface) (long-range missile)

1 (STAL)
1 (MAMU, rwcs)
0 (MAMU, rcs)

0.9452 (bow shock
wave) + 0.3935 (E10
explosion) = 1.339
total

Missile Exercise (ME-AS) (Air-toSurface) (shorter-range missile)

3 (STAL)
1 (MAMU, rwcs)
0 (MAMU, rcs)

Underwater sound
from surface
explosions (E10)
Bomb strike and inair sound from
surface explosions
(E12)
Underwater sound
from surface
explosions (E12)
Non-explosive
practice bomb —
underwater sound

0.06977 (STAL)
0.2553 (MAMU)

Missile Exercise (ME-AS) (Air-toSurface)

4 (STAL)
2 (MAMU, rwcs)
0 (MAMU, rcs)
10 (STAL)
5 (MAMU, rwcs)
0 (MAMU, rcs)

Area of effect determined by the larger of the radius to effect for barotrauma or the radius to 237 dBA peak. For STAL, this
was a radius of 276 m; for MAMU (rwcs), a radius of 528 m. This stressor was not analyzed for the “reasonably certain”
scenario.
Assuming all of these explosions take place at surface, exposing proportion of birds above water within the area of effect for
in-air explosions. Area of effect for explosion is a circle of radius 692 m, the zone in which there is danger of being struck by
fragments

Non-explosive
practice bomb
strike and in-air
sound

Area of effect determined by the larger of the radius to effect for barotrauma or the radius to 237 dBA peak. For STAL, this
was a radius of 347 m; for MAMU (rwcs), a radius of 600 m. This stressor was not analyzed for the “reasonably certain”
scenario.
Non-explosive practice bomb may make loud noise when it strikes the water surface (McLennan 1997, entire). We calculated
an underwater peak sound level of 267 dB re: 1 µPa-m, based on the dimensions of a large non-explosive bomb (USNA pp. 914, 9-24) falling along its short axis at terminal velocity (calculations in sounds_of_NEPM_hitting_water.xlsx). This results in a
radius of effect of 32 m (calculations in RTE_splashing_bombs.xlsx).
Non-explosive practice bomb may make loud noise when it strikes the water surface (McLennan 1997, entire). We calculated
an in-air peak sound level of 205 dB re: 20 µPa-m by subtracting 62 dB (Finfer et al. 2008, pp. 464-466) from the underwater
peak sound level described above. This results in a radius of effect of 310 m (calculations in RTE_splashing_bombs.xlsx).

0.4389 (E12 explosion) Bombing Exercise (BE-AS) Air-toSurface – explosive
0.1103 (STAL)
0.3297 (MAMU)

Bombing Exercise (BE-AS) Air-toSurface – explosive

9.379E-04

Bombing Exercise (BE-AS) Air-toSurface – non-explosive practice
bomb

10 (STAL)
5 (MAMU, rwcs)
0 (MAMU, rcs)
110 (STAL)
55 (MAMU, rwcs)
8 (MAMU, rcs)

0.08802

Bombing Exercise (BE-AS) Air-toSurface – non-explosive practice
bomb

110 (STAL)
55 (MAMU, rwcs)
8 (MAMU, rcs)

Area of effect includes bow shock wave, and explosion. Infrequently (assumed to be once per year), air-to-surface missiles
are fired at targets up to 75 nm away (U.S. Department of the Navy 2015c, p. 5-43). Bow shock wave area of effect is 75 nm
long and 116.7 m wide (calculations in spreadsheet Missile_bow_shock_radius.xlsx). Area of effect for explosion is a circle of
radius 655 m, the zone in which there is danger of being struck by fragments. Assumed that all explosions take place at the
surface.
Area of effect includes bow shock wave, and explosion. Typically, air-to-surface missiles are fired at targets up to 15 nm
away (U.S. Department of the Navy 2015c, p. 5-43). Bow shock wave area of effect is 15 nm long and 116.7 m wide
(calculations in spreadsheet Missile_bow_shock_radius.xlsx). Area of effect for explosion is a circle of radius 655 m, the zone
in which there is danger of being struck by fragments. Assumed that all explosions take place at the surface.
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Table 10. Underwater explosions that do not involve other non-discountable stressors. These stressors affect birds that are underwater at the time of the explosion.
Area of Effect (nm2)

Stressor
In-water
explosion
(E3)
In-water
explosion
(E4)
In-water
explosion
(E11)

0.007752 (STAL)
0.1393 (MAMU, rwcs)
0.111561 (MAMU, rcs)
0.01088 (STAL)
0.2262 (MAMU, rwcs)
0.1781 (MAMU, rcs)
0.174914 (STAL)
7.655245 (MAMU)

Events
Maritime Patrol Aircraft (Sound
Underwater Signal) (ASWTT-MPASUS) –
explosive sonobuoy
Maritime Patrol Aircraft (Improved
Extended Echo Ranging)(ASWTTMPAIEER)
Torpedo (Explosive) Testing
(ASWASWT-TT)

Instances per year
72 (STAL)
36 (MAMU, rwcs)
15 (MAMU, rcs)
70 (STAL)
35 (MAMU, rwcs)
24 (MAMU, rcs)
6 (STAL)
4 (MAMU, rwcs)
0 (MAMU, rcs)

Sources and notes (all information without identified source is from the matrix)
Area of effect determined by the larger of the radius to effect for barotrauma or the
radius to 237 dBA peak. For STAL, this was a radius of 92 m; for MAMU (rwcs), a radius
of 390 m; and for MAMU (rcs), 349 m.
Area of effect determined by the larger of the radius to effect for barotrauma or the
radius to 237 dBA peak. For STAL, this was a radius of 109 m; for MAMU (rwcs), a radius
of 497 m; and for MAMU (rcs), 441 m.
Area of effect determined by the larger of the radius to effect for barotrauma or the
radius to 237 dBA peak. For STAL, this was a radius of 437 m, and for MAMU (rwcs), a
radius of 2,891 m. This stressor was not evaluated for the rcs.

Table 11. Explosions (Inland Waters). These stressors affect the proportion of birds that is underwater at the time of the explosion. They affect marbled murrelets only, as short-tailed albatross are not present in Inland
Waters. The analysis for the rwcs is presented separately in Appendix G. The table below presents the input information for the rcs analysis.
Stressor
In-water explosion
(<E1 shock-wave
action generator)
In-water explosion
(E3)

Area of Effect
(nm2)
0.002199
0.06192

Events
Mine Neutralization – Explosive Ordnance Disposal (EOD),
Crescent Harbor and Hood Canal EOD Training Ranges
Mine Neutralization – Explosive Ordnance Disposal (EOD),
Crescent Harbor and Hood Canal EOD Training Ranges

Instances
per year
36
6

Sources and notes (all information without identified source is from the matrix)
Area of effect determined by the larger of the radius to effect for barotrauma or the radius to 237 dBA
peak, which in this case, was 49 m.
Area of effect determined by the larger of the radius to effect for barotrauma or the radius to 237 dBA
peak, which in this case, was 260 m.
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Table 12. Sonar (Inland Waters). These stressors affect the proportion of birds that is underwater at the time of the sonar emission. They affect marbled murrelets only, as short-tailed albatross are not present in Inland
Waters. The analysis for the rwcs is presented separately in Appendix G. The table below presents the input information for the rcs analysis.
MF1 sonar

Area of Effect
(nm2)
0.00018

MF3 sonar

3.66E-06

MF3 sonar

3.66E-06

MF8 sonar
MF8 sonar

0.000265
0.000265

ASW4 sonar

9.16E-07

Stressor

Events
Surface Ship Sonar Maintenance and Pierside Sonar
Testing, Everett
Submarine Sonar Maintenance and Pierside Sonar
Testing, Bangor
Submarine Sonar Maintenance and Pierside Sonar
Testing, Bremerton
Pierside Integrated Swimmer Defense, Bangor
Pierside Integrated Swimmer Defense (two versions),
Bangor
Acoustic Component Test – Countermeasures
Testing, Keyport

Instances per year

Sources and notes (all information without identified source is from the matrix)

528 (44 hours)

Area of effect is a radius of 14 m. Assumed that sonar emissions occur for 5 minutes at a time.

540 (45 hours)

Area of effect is a radius of 2 m. Assumed that sonar emissions occur for 5 minutes at a time.

1332 (111 hours)

Area of effect is a radius of 2 m. Assumed that sonar emissions occur for 5 minutes at a time.

144 (12 hours)
336 (28 hours)

Area of effect is a radius of 17 m. Assumed that sonar emissions occur for 5 minutes at a time.
Area of effect is a radius of 17 m. Assumed that sonar emissions occur for 5 minutes at a time.

880 counts

Assumed that each count will emit sonar for 8 minutes at a time (Fitzgerald, pers. comm. 2015). Used the area
of effect for a 5 minute diving bout, a radius of 1 m.

Table 13. Helicopter rotor wash and related stressors (Inland Waters). These stressors affect the proportion of birds that is above water at the time the helicopter is hovering. They affect marbled murrelets only, as shorttailed albatross are not present in Inland Waters. The analysis for the rwcs is presented separately in Appendix G. The table below presents the input information for the rcs analysis.
Stressor
Helicopter
rotor wash
and other
helicopterrelated
stressors

Area of Effect
(nm2)
0.00583

Events
Maritime Homeland Defense/Security Mine
Countermeasures Integrated Exercises, Puget Sound
Personnel Insertion and Extraction – NonSubmersible, Crescent Harbor and Navy 7
Search and Rescue, Crescent Harbor and Navy 7
Mine Neutralization – Explosive Ordnance Disposal
(EOD), Crescent Harbor and Hood Canal EOD
Training Ranges

Instances per year
6
5

Sources and notes (all information without identified source is from the matrix)
Please see body of the Biological Opinion for sources of information used in this analysis. The analysis assumed
that each year, 56 instances of potential helicopter exposure will occur in NWFP Zone 1 Stratum 2, 5 instances
in Zone 1 Stratum 3, and 6 instances at unspecified locations within Zone 1.

50
6
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2.5 Stressors previously analyzed but not included in final analysis
Two other stressors, ship strike and offshore sonar emissions, were included in our draft
quantitative analysis. These stressors are not included in the present analysis. For marbled
murrelets, exposure to these stressors was determined to be discountable based on expectations
about marbled murrelet behavior. For short-tailed albatross, exposure to these stressors was
determined to be discountable partly based on expectations about short-tailed albatross behavior
and partly based on the results of the draft analysis. The behavioral factors supporting these
determinations are discussed in the body of the Biological Opinion.
2.6 Probability of Exposure
For each stressor listed above, we used the Poisson model with the parameters of the “reasonable
worst-case” scenario for each species to calculate the probability of that species being exposed to
the stressor. Because we assumed that the population size, and therefore the density, of each
species would change every year, the probability of exposure to a given instance of the stressor
changed over time. Therefore, we calculated the cumulative probability separately for each year,
then combined them. Conceptually, the calculation can be broken down into its component
parts, as follows:
Probability(exposure at least once over 20 years) = 1 – probability (no exposure at all over 20
years)
= 1 – probability(no exposure in the first year) * probability(no exposure in the second
year)* …*probability(no exposure in the 20th year)
The probability of no exposure over the course of a single year is calculated by computing the
probability of no exposure over a single event, and raising that probability to the power of the
number of instances of the stressor per year. The steps used to make these calculations are
shown in Table 13.
Table 13. Calculations to determine the probability of exposure to a given stressor over 20 years
Description of value
Density of birds (for STAL) or groups of birds (for
MAMU), during year t, dt
Area of effect for a given stressor, a
Expected (mean) number of exposures per
instance of a stressor during year t, µt
Annual number of instances of a stressor, y
Probability of no exposure to a single instance of a
stressor in year t, P(Xt = 0)
Probability of no exposure to any of the y
instances of the given stressor during year t
Probability of no exposure to any of the 20*y
instances of the given stressor over all 20 years
Probability of at least one exposure to the given
stressor at some time during the 20 years

How it was calculated
Explained above (Section 2.2) for each scenario
Explained above in Tables 5 through 12 for each
stressor
µt = dt * a
Explained above in Tables 5 through 12
P(Xt = 0) = e-µt (where e is Euler’s number, the base
of the natural logarithm). Refer to Appendix H.
(e-µt)y

Π for t =1 to 20
1-Π
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(e-µt)y

for t =1 to 20

(e-µt)y

If, cumulatively over 20 years, the probability of exposure for a given stressor was less than ten
percent, it was individually discountable. If the probability of exposure over the course of 20
years was greater than ten percent, we considered the stressor not to be discountable. However,
given the large number of stressors, there was a possibility that stressors might be individually
discountable, but that the aggregate probability of exposure to one stressor or another was not
discountable. Therefore, when we calculated a discountable probability of exposure to an
individual stressor, we then grouped it with similar stressors and computed the cumulative
probability of exposure for the entire group of stressors. However, there were no classes of
stressors for which exposure was discountable for every stressor individually, but not
discountable for the stressor as a group. Therefore, the methods for this calculation are not
described in detail here. All calculations of the probability of exposure were performed in
Microsoft Excel.
2.7 Numbers of birds reasonably certain to be taken
For each stressor that was not determined to be discountable under the “reasonable worst-case”
scenario, we subsequently used the Poisson model with the parameters of the “reasonably
certain” scenario to calculate the expected number of birds or bird groups exposed over the entire
20 year period. We also calculated the probabilities of various numbers of birds or groups being
exposed each year, and over the entire 20 year period. These calculations were performed in R
(R Core Team 2014). The results of these analyses were incorporated into the description of the
effects of each stressor on marbled murrelets and short-tailed albatross, as well as the Integration
and Synthesis for each of these species and the Incidental Take Statement.
The expected number of birds exposed to each stressor over the entire 20 years is akin to an
average (mean) number of birds exposed. In reality, there will only be one opportunity for the
Navy to conduct NWTT activities in the study area and Inland Waters over the next 20 years, but
if it were possible to conduct multiple 20-year trials of NWTT activities under the same
conditions, we would anticipate that the mean number of birds exposed per trial would likely be
close to the expected number calculated in our analysis.
In any Poisson model, including the one we use here, the mean of the probability density
function, denoted above as µ, is the same as the expected outcome for a single instance of
potential exposure. Because we assume that each instance of a stressor is independent, the
expected number of birds or groups exposed to all instances of a given stressor is simply the
sum of the expected number of birds exposed to each instance of that stressor. Using the
symbols listed in Table 13, the expected number for each stressor is:
E(Xtotal) = Σ for t = 1 to 20 y* µt
The expected value can also be summed across stressors to give a total number of birds or bird
groups expected to be exposed over the course of all actions included in the consultation.
The probability of a certain number of birds (or bird groups) being exposed to a stressor in a
given year was calculated using the Poisson model and basic combinatorial theory. For example,
the probability that one bird (or group) will be exposed in a given year is the probability that one
bird will be exposed in the first instance, but not any other time, plus the probability that one bird
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(or group) will be exposed in the second instance, but not any other time, and so on. Since there
are y instances that could each be the one where a bird (or group) is exposed, this probability can
be calculated as follows:
P(exactly 1 exposure in year t) = y * µte-µt * (e-µt)y-1
The probability of two birds being exposed in a single year is the probability that two birds will
be exposed in the first instance, and none at any other time, plus the probability that two birds
will be exposed in the second instance, and none at any other time, and so on, plus the
probability that one bird will be exposed in the first instance, one in the second instance, and
none at any other time, plus the probability that one bird will be exposed in the first instance, one
in the third instance, and none at any other time, and so on. As above, there are y instances that
could each be the one where two birds are exposed. There are also “y choose two” ways to
distribute two single exposures among the y instances. The probability of two exposures in a
given year can be calculated as:
P(exactly 2 exposures in year t) = y * (µt2e-µt /2) * (e-µt)y-1 + y *(y – 1) * µte-µt * µte-µt * (e-µt)y-2
For each stressor, we calculated the probabilities of exposing up to ten birds (or groups) per year,
but did not calculate probabilities of more than ten exposures per year due to time constraints.
Our calculations of the number of marbled murrelet groups exposed to explosions in the Inland
Waters also incorporated the effects of pre-detonation monitoring, which we expect to prevent
some exposures that would be expected to happen without monitoring. We assumed that
monitoring would be 50 percent effective; that is, we assumed that if any marbled murrelets were
in the potential area of effect, regardless of the number of birds present, half of the time, the
birds would be detected and the explosion would be delayed until all birds left the area. Thus,
the probability of a having exactly one exposure from a single explosion exposing one group in a
given year was cut in half. Similarly, the probability of two groups being exposed
simultaneously by a single explosion was cut in half, but in the scenario in which two different
explosions could have exposed one group each, there was a 25 percent chance that surveys
would reduce the exposure to zero, a 50 percent chance that one survey would succeed and the
other would fail, resulting in one group being exposed, and a 25 percent chance that both surveys
would fail, resulting in exposure of two groups. We applied similar logic to situations involving
the potential exposure of larger numbers of groups per year to determine the reductions in
exposure that would result from surveys.
We then used the per-year probabilities of exposure to calculate the probabilities of exposing
various numbers of birds (or groups) over the entire 20 year period. We accomplished this by
calculating the probabilities of every scenario involving the exposure of ten birds (or groups) or
fewer in each year, and summing together the probabilities of each scenario that resulted in the
same number of birds (or groups) being exposed over the 20 year time frame. For example, to
calculate the probability that one bird (or group) would be exposed over the 20 year time frame,
we added together the probabilities of all 20 scenarios in which there was one exposure in a
single year, and no exposures in any other year. To calculate the probability of two birds (or
groups), we added together the probabilities of all 20 scenarios in which there were two
exposures in one year and no other exposures, as well as the probabilities of the 380 scenarios in
which two different years each had one exposure and no other years had exposures. This
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allowed us to estimate probabilities of up to 200 birds (or groups) being exposed to a given
stressor over the entire 20 year timeframe, although we did not calculate the probability of any
outcomes involving 11 or more birds (or groups) being exposed in a given year, so all of our
calculated probabilities of 11 or more exposure over the entire time period are underestimates.
In most cases the degree of underestimation is very small, but in some cases—namely, cases
involving exposures of marbled murrelets to the stressors with the largest areas of effect—the
probability of 11 or more bird groups being exposed in at least one of the 20 years accounts for
more than ten percent of the total probability. Therefore, the probabilities of more than 11
marbled murrelet groups being exposed to these stressors over 20 years should be regarded as
rough approximations, and as underestimates.
The method described above for combining per-year probabilities to obtain total probabilities
over the 20 year period was also used to combine probabilities associated with similar stressors.
For example, we analyzed four sizes of medium-caliber surface-to-surface non-explosive
gunnery projectiles, and four sizes of medium-caliber surface-to-air non-explosive gunnery
projectiles. Because each of these eight types of projectile had a different area of effect, they
were analyzed separately. However, we subsequently calculated combined probabilities. For
example, to calculate the probability that there was a single exposure to medium-caliber nonexplosive gunnery projectiles, we calculated the probability that each of the eight types would
have one exposure, and the rest would have none, and added these probabilities together.
3. Results
3.1 Probability of Exposure
3.1.1 Short-Tailed Albatross
Table 15 lists the probability of exposure of short-tailed albatross to stressors cumulatively over
20 years. In a few cases, the table reports the probability of exposure to an entire category of
stressors, rather than to one type of stressor (e.g., small falling objects as a group, vs. separate
calculations for sonobuoys, smoke buoys, and flares). If exposure to the whole category is
discountable, then it is also the case that exposure to each individual stressor is also discountable,
so there is no need to report them separately.
Table 15. Probability of short-tailed albatross exposure to stressors over 20 years. The listed
probability is the probability of one or more exposure at any time during the 20 year period,
under the assumptions of the “reasonable worst-case” scenario.
Stressor
Helicopters and
unmanned
rotor winged
aerial vehicles –
Rotor wash
during a hover

Considerations for
interpretation

Activities
Tracking Exercise – Helicopter (TEHelo);
Anti-Submarine Warfare Mission
Package Testing (NSC-ASWMPT);
Torpedo (Explosive) Testing
(ASWASWT-TT);
Unmanned Aircraft System (UAS)
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Analysis includes exposure to
rotor-winged aircraft only while
the aircraft are hovering close to
the surface of the water

Probability
of
exposure
< 10%

Table 15. Probability of short-tailed albatross exposure to stressors over 20 years. The listed
probability is the probability of one or more exposure at any time during the 20 year period,
under the assumptions of the “reasonable worst-case” scenario.
Considerations for
interpretation

Stressor

Activities

Entanglement –
parachutes,
decelerators,
guidance wires,
fiber optic
cables

Anti-Submarine Warfare (ASW)
Testing;
Anti-Submarine Warfare Mission
Package Testing (NSC-ASWMPT);
Bombing Exercise (BE-AS) Air-toSurface;
Countermeasure Testing
(ASWASWT-CT);
Intelligence, Surveillance, and
Reconnaissance (ISR);
Maritime Patrol Aircraft, Directional
Command Activated Sonobuoy
(ASWTT-MPADICASS);
Maritime Patrol Aircraft (High Duty
Cycle)(ASWTT-MPAHDC);
Maritime Patrol Aircraft (Improved
Extended Echo Ranging)(ASWTTMPAIEER);
Maritime Patrol Aircraft (Multistatic
Active Coherent) (ASWTTMPAMAC);
Maritime Patrol Aircraft (Sound
Underwater Signal) (ASWTTMPASUS);
Missile Exercises (ME-AA) (Air-toAir);
Torpedo (Explosive) Testing
(ASWASWT-TT);
Torpedo Non-Explosive Testing
(ASUWASW Non-explosive);
Torpedo Testing (TT);
Tracking Exercise – Helicopter (TEHelo);
Tracking Exercise – Maritime Patrol
Aircraft (TE-Ext);
Tracking Exercise – Maritime Patrol
Aircraft (TE-MPA);
Unmanned Underwater Vessel
(UUV) testing
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Analysis may include stressors
that would not actually present
risks to short-tailed albatross;
for example, guidance wires
may be used at depths below
the birds’ depth range.
Therefore, the conclusion that
exposure probability is <10% is
robust.

Probability
of
exposure
< 10%

Table 15. Probability of short-tailed albatross exposure to stressors over 20 years. The listed
probability is the probability of one or more exposure at any time during the 20 year period,
under the assumptions of the “reasonable worst-case” scenario.
Considerations for
interpretation

Stressor

Activities

Strikes by small
falling objects –
flares,
sonobuoys,
smoke buoys

Air Combat Maneuver (ACM);
Anti-Submarine Warfare (ASW)
Testing;
Anti-Submarine Warfare Mission
Package Testing (NSC-ASWMPT);
Bombing Exercise (BE-AS) Air-toSurface;
Electronic Warfare Operations
(EWO) ;
Flare test (EW-FT);
Intelligence, Surveillance, and
Reconnaissance (ISR);
Maritime Patrol Aircraft, Directional
Command Activated Sonobuoy
(ASWTT-MPADICASS);
Maritime Patrol Aircraft (High Duty
Cycle)(ASWTT-MPAHDC);
Maritime Patrol Aircraft (Improved
Extended Echo Ranging)(ASWTTMPAIEER);
Maritime Patrol Aircraft (Multistatic
Active Coherent) (ASWTTMPAMAC);
Maritime Patrol Aircraft (Sound
Underwater Signal) (ASWTTMPASUS);
Torpedo Testing (TT);
Torpedo (Explosive) Testing
(ASWASWT-TT);
Torpedo Non-Explosive Testing
(ASUWASW Non-explosive);
Tracking Exercise – Helicopter (TEHelo);
Tracking Exercise – Maritime Patrol
Aircraft (TE-Ext);
Tracking Exercise – Maritime Patrol
Aircraft (TE-MPA)
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Analysis may include stressors
that would not actually present
risks to short-tailed albatross;
for example, some sonobuoys
may be dropped over the side of
a ship. Therefore, the
conclusion that exposure
probability is < 10% is robust.

Probability
of
exposure
< 10%

Table 15. Probability of short-tailed albatross exposure to stressors over 20 years. The listed
probability is the probability of one or more exposure at any time during the 20 year period,
under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

In-air torpedo
strikes –
includes
aerially
deployed
torpedoes and
torpedoes
deployed from
surface ships

Anti-Submarine Warfare Mission
Package Testing (NSC-ASWMPT);
Countermeasure Testing
(ASWASWT-CT);
Torpedo (Explosive) Testing
(ASWASWT-TT);
Torpedo Non-Explosive Testing
(ASUWASW Non-explosive);
Torpedo Testing (TT)

Analysis assumes that one
torpedo per year will be
deployed from aircraft, and all
other torpedoes will be
deployed from above the
water’s surface from surface
ships. This is a conservative
assumption, so the conclusion
that exposure probability is <
10% is robust.
(see below)

All stressors
associated
with gunnery
projectiles cumulative
Small caliber
projectiles –
projectile strike
only

(see below)

Medium caliber
projectiles
(non-explosive)
–
projectile
strike,
in-air noise
from bow
shock wave

Gunnery Exercise (GE-SA) (Surfaceto-Air);
Gunnery Exercise (GE-SS) (Surfaceto-Surface)

Gunnery Exercise (GE-SS) (Surfaceto-Surface)
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Analysis likely overestimates
probability of exposure. Most
small caliber projectile
trajectories will be much shorter
than assumed. Also, the
number of independent
instances is likely to be smaller
than assumed (i.e., rounds are
likely to be fired in bursts of
more than five bullets in a row).
Medium caliber projectiles may
vary a great deal. Analysis
conservatively assumed largest
size, highest speed, and longest
trajectory listed in FEIS. Actual
exposure probability may be less
than calculated by this analysis,
but may still be quite high.
(Separate calculation for GE-SA
and GE-SS gives 98% and 100%
probability respectively for each
activity.)

Probability
of
exposure
< 10%

100%

88%

100%

Table 15. Probability of short-tailed albatross exposure to stressors over 20 years. The listed
probability is the probability of one or more exposure at any time during the 20 year period,
under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

Large caliber
projectiles
(non-explosive)
–
projectile
strike,
in-air noise
(bow shock and
muzzle blast)

Gunnery Exercise (GE-SA) (Surfaceto-Air);
Gunnery Exercise (GE-SS) (Surfaceto-Surface)

Medium caliber
projectiles (E1
explosive) – inair stressors:
projectile strike
(including
fragments),
in-air noise
(bow shock and
explosion),
barotrauma
(explosion)

Gunnery Exercise (GE-SA) (Surfaceto-Air);
Gunnery Exercise (GE-SS) (Surfaceto-Surface)

Medium caliber
projectiles (E1
explosive) –
underwater
stressors:
noise,
barotrauma

Gunnery Exercise (GE-SS) (Surfaceto-Surface)
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Analysis of bow shock wave may
assume a larger area of effect
than necessary, so actual
exposure probability may be less
than calculated by this analysis.
However, exposure probability
may still be quite high.
(Separate calculation for GE-SA
and GE-SS gives 11% and 98%
probability respectively.)
If projectiles are fired in bursts
of several projectiles rather than
individually, then analysis
overestimates number of
independent instances, but may
underestimate area of effect of
explosions. These two sources
of error should partially
compensate for one another.
(Separate calculation for GE-SA
and GE-SS gives 100% and 9%
probability respectively for the
two activities.)
If projectiles are fired in bursts
of several projectiles rather than
individually, then analysis
overestimates number of
independent instances, but may
underestimate area of effect of
explosions. These two sources
of error should partially
compensate for one another.

Probability
of
exposure
99%

100%

<10%

Table 15. Probability of short-tailed albatross exposure to stressors over 20 years. The listed
probability is the probability of one or more exposure at any time during the 20 year period,
under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

Large caliber
projectiles (E3
or E5 explosive)
–
in-air stressors:
projectile strike
(including
fragments),
in-air noise
(bow shock,
muzzle noise,
explosion),
barotrauma
(explosion)

Gunnery Exercise (GE-SA) (Surfaceto-Air);
Gunnery Exercise (GE-SS) (Surfaceto-Surface)

Large caliber
projectiles (E3
or E5 explosive)
–
underwater
stressors:
noise,
barotrauma

Gunnery Exercise (GE-SS) (Surfaceto-Surface)

All stressors
associated
with missiles cumulative
Air-to-air
missiles (nonexplosive) –
strike (falling
expended
missiles),
in-air sound
(missile striking
water)

(see below)

Missile Exercise (ME-AA) (Air-to-Air)

39

If projectiles are fired in bursts
of several projectiles rather than
individually, then analysis
overestimates number of
independent instances, but may
underestimate area of effect of
explosions. These sources of
error should partially
compensate for one another.
Assumed all explosions would
be E5, which may be
conservative. (Separate
calculation for GE-SA and GE-SS
gives 98% and 63% probability
respectively for the two
activities.)
If projectiles are fired in bursts
of several projectiles rather than
individually, then analysis
overestimates number of
independent instances, but may
underestimate area of effect of
explosions. These two sources
of error should partially
compensate for one another.
Assumed all explosions would
be E5, which may be
conservative.
(see below)

Some but perhaps not all
assumptions used in
determining the area of effect
were conservative. However,
the calculated probability of
exposure is much less than ten
percent, so the conclusion that
exposure is discountable is
robust.

Probability
of
exposure
99%

<10%

100%

< 10%

Table 15. Probability of short-tailed albatross exposure to stressors over 20 years. The listed
probability is the probability of one or more exposure at any time during the 20 year period,
under the assumptions of the “reasonable worst-case” scenario.
Considerations for
interpretation

Stressor

Activities

Air-to-air
missiles (nonexplosive) –
underwater
sound (missile
striking water)

Missile Exercise (ME-AA) (Air-to-Air)

Air-to-air
missiles
(E7 explosive) –
fragment rain

Missile Exercise (ME-AA) (Air-to-Air)

Surface-to-air
missiles
(E8 explosive) –
missile strike,
in-air noise
(bow-shock
wave,
explosion)

Missile Exercise (ME-SA) (Surface-toAir)

Air-to-surface
missiles (E10
explosive) –
missile strike
(including
fragments),
in-air noise
(bow-shock
wave,
explosion)

Missile Exercise (ME-AS) (Air-toSurface)
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Some but perhaps not all
assumptions used in
determining the area of effect
were conservative. However,
the calculated probability of
exposure is much less than ten
percent, so the conclusion that
exposure is discountable is
robust.
Probability of exposure refers to
probability that a bird will be
within the estimated radius of
fragment rain. Not all birds
within this radius will be struck
by falling fragments.
The trajectory, size, and speed
of surface-to-air missiles may
vary. For analysis, assumed that
all targets would be relatively
low-altitude so that birds might
be exposed to in-air noise along
the entire trajectory, and that all
missiles would produce sonic
booms. If some targets are
higher altitude, and/or if some
missiles travel at subsonic
speeds, exposure probability will
be lower than calculated.
The trajectory, size, and speed
of surface-to-air missiles may
vary. For analysis, assumed that
all would be fired from relatively
low-altitude so that birds might
be exposed to in-air noise along
the entire trajectory. Also
assumed that all missiles would
produce sonic booms, but
several air-to-surface missile
types travel at subsonic speeds.
If these are used, exposure will
be lower than calculated.

Probability
of
exposure
< 10%

20%

58%

44%

Table 15. Probability of short-tailed albatross exposure to stressors over 20 years. The listed
probability is the probability of one or more exposure at any time during the 20 year period,
under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

Probability
of
exposure
< 10%

Air-to-surface
missiles (E10
explosive) –
underwater
explosion
All stressors
associated
with bombscumulative
Bombs (nonexplosive) –
strike,
in-air sound
(bomb striking
water)

Missile Exercise (ME-AS) (Air-toSurface)

No particular considerations;
this calculation should be taken
at face value.

(see below)

(see below)

45%

Bombing Exercise (BE-AS) Air-toSurface

41%

Bombs (nonexplosive) –
underwater
sound (bomb
striking water)

Bombing Exercise (BE-AS) Air-toSurface

Bombs (E12
explosive) –
strike
(including
fragmentation),
in-air sound
(explosion)
Bombs (E12
explosive) –
underwater
explosion

Bombing Exercise (BE-AS) Air-toSurface

Some but perhaps not all
assumptions used in
determining the area of effect
were conservative. Therefore, it
is not clear whether the
calculated exposure probability
is an overestimate or an
underestimate.
Some but perhaps not all
assumptions used in
determining the area of effect
were conservative. However,
the calculated probability of
exposure is much less than ten
percent, so the conclusion that
exposure is discountable is
robust.
Area of effect is defined by
fragmentation radius. Not all
birds within fragmentation
radius will be struck by
fragments. However, some will
be exposed to other stressors,
like injurious sound.
No particular considerations;
this calculation should be taken
at face value.

Bombing Exercise (BE-AS) Air-toSurface
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< 10%

21%

< 10%

Table 15. Probability of short-tailed albatross exposure to stressors over 20 years. The listed
probability is the probability of one or more exposure at any time during the 20 year period,
under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

All other
stressors
associated
with
underwater
explosions –
cumulative
Explosive
sonobuoy (E3)

(see below)

(see below)

Maritime Patrol Aircraft (Sound
Underwater Signal) (ASWTTMPASUS)

Explosive
sonobuoy (E4)

Maritime Patrol Aircraft (Improved
Extended Echo Ranging)(ASWTTMPAIEER)

Explosive
torpedo
(E8 or E11)

Torpedo (Explosive) Testing
(ASWASWT-TT)

Explosion is far enough below
the surface that area of effect
may not actually reach the
shallow depths used by shorttailed albatross. Therefore, the
analysis is very conservative and
probability of exposure < 10% is
robust.
Explosion is far enough below
the surface that the area of
effect within the depth range of
short-tailed albatross is likely
smaller than the area of effect
used in the analysis. Therefore,
the analysis is conservative and
probability of exposure < 10% is
robust.
Explosion is far enough below
the surface that the area of
effect within the depth range of
short-tailed albatross is likely
smaller than the area of effect
used in the analysis. Also,
assumed all explosions would be
E11, but some may be smaller
E8. Therefore, the analysis is
conservative and probability of
exposure < 10% is robust.
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Probability
of
exposure
< 10%

< 10%

< 10%

< 10%

3.1.2 Marbled Murrelets – Offshore
Table 16 lists the probability of exposure of marbled murrelets to stressors in the offshore study
area cumulatively over 20 years.
Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Stressor
Helicopters and
unmanned
rotor winged
aerial vehicles –
Rotor wash
during a hover

Considerations for
interpretation

Activities
Tracking Exercise – Helicopter (TEHelo);
Anti-Submarine Warfare Mission
Package Testing (NSC-ASWMPT);
Torpedo (Explosive) Testing
(ASWASWT-TT);
Unmanned Aircraft System (UAS)
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Analysis includes exposure to
rotor-winged aircraft only while
the aircraft are hovering close to
the surface of the water.
Reasonable worst-case scenario
for marbled murrelets does not
evaluate possibility of years with
large numbers of marbled
murrelets (e.g. 2014 or 2015); if
such a year occurs, exposure
may be underestimated. This
potential for underestimation
may be mitigated by the
location of these activities: all
take place > 12 nm from shore,
where densities of murrelets are
generally expected to be lower
than nearshore, even during
winter. However, it is unknown
how murrelet densities at these
distances compare with the
densities assumed in the
analysis.

Probability
of
exposure
12 %

Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Considerations for
interpretation

Stressor

Activities

Entanglement –
parachutes,
decelerators,
guidance wires,
fiber optic
cables

Anti-Submarine Warfare (ASW)
Testing;
Anti-Submarine Warfare Mission
Package Testing (NSC-ASWMPT);
Bombing Exercise (BE-AS) Air-toSurface;
Countermeasure Testing
(ASWASWT-CT);
Intelligence, Surveillance, and
Reconnaissance (ISR);
Maritime Patrol Aircraft, Directional
Command Activated Sonobuoy
(ASWTT-MPADICASS);
Maritime Patrol Aircraft (High Duty
Cycle)(ASWTT-MPAHDC);
Maritime Patrol Aircraft (Improved
Extended Echo Ranging)(ASWTTMPAIEER);
Maritime Patrol Aircraft (Multistatic
Active Coherent) (ASWTTMPAMAC);
Maritime Patrol Aircraft (Sound
Underwater Signal) (ASWTTMPASUS);
Missile Exercises (ME-AA) (Air-toAir);
Torpedo (Explosive) Testing
(ASWASWT-TT);
Torpedo Non-Explosive Testing
(ASUWASW Non-explosive);
Torpedo Testing (TT);
Tracking Exercise – Helicopter (TEHelo);
Tracking Exercise – Maritime Patrol
Aircraft (TE-Ext);
Tracking Exercise – Maritime Patrol
Aircraft (TE-MPA);
Unmanned Underwater Vessel
(UUV) testing
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Analysis may include stressors
that would not actually present
risks to marbled murrelets; for
example, it is possible that some
guidance wires may be used at
depths below the birds’ depth
range. In addition, because
there was not enough
information to associate all
items with a particular activity,
the analysis included
conservative assumptions about
how many of these items would
be used close to shore.
Therefore, even though the
reasonable worst-case scenario
for marbled murrelets does not
evaluate possibility of years with
large numbers of marbled
murrelets (e.g. 2014 or 2015),
the conclusion that exposure
probability is <10% is likely to be
robust.

Probability
of
exposure
< 10%

Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Considerations for
interpretation

Stressor

Activities

Strikes by small
falling objects –
flares,
sonobuoys,
smoke buoys

Air Combat Maneuver (ACM);
Anti-Submarine Warfare (ASW)
Testing;
Anti-Submarine Warfare Mission
Package Testing (NSC-ASWMPT);
Bombing Exercise (BE-AS) Air-toSurface;
Electronic Warfare Operations
(EWO) ;
Flare test (EW-FT);
Intelligence, Surveillance, and
Reconnaissance (ISR);
Maritime Patrol Aircraft, Directional
Command Activated Sonobuoy
(ASWTT-MPADICASS);
Maritime Patrol Aircraft (High Duty
Cycle)(ASWTT-MPAHDC);
Maritime Patrol Aircraft (Improved
Extended Echo Ranging)(ASWTTMPAIEER);
Maritime Patrol Aircraft (Multistatic
Active Coherent) (ASWTTMPAMAC);
Maritime Patrol Aircraft (Sound
Underwater Signal) (ASWTTMPASUS);
Torpedo Testing (TT);
Torpedo (Explosive) Testing
(ASWASWT-TT);
Torpedo Non-Explosive Testing
(ASUWASW Non-explosive);
Tracking Exercise – Helicopter (TEHelo);
Tracking Exercise – Maritime Patrol
Aircraft (TE-Ext);
Tracking Exercise – Maritime Patrol
Aircraft (TE-MPA)
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Analysis may include stressors
that would not actually present
risks to marbled murrelets; for
example, some sonobuoys may
be dropped over the side of a
ship. In addition, because there
was not enough information to
associate all items with a
particular activity, the analysis
included conservative
assumptions about how many of
these items would be used close
to shore. Therefore, even
though the reasonable worstcase scenario for marbled
murrelets does not evaluate
possibility of years with large
numbers of marbled murrelets
(e.g. 2014 or 2015), the
conclusion that exposure
probability is <10% is likely to be
robust.

Probability
of
exposure
< 10%

Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

In-air torpedo
strikes –
includes
aerially
deployed
torpedoes and
torpedoes
deployed from
surface ships

Anti-Submarine Warfare Mission
Package Testing (NSC-ASWMPT);
Countermeasure Testing
(ASWASWT-CT);
Torpedo (Explosive) Testing
(ASWASWT-TT);
Torpedo Non-Explosive Testing
(ASUWASW Non-explosive);
Torpedo Testing (TT)

All stressors
associated
with gunnery
projectiles cumulative
Small caliber
projectiles –
projectile strike
only

(see below)

Analysis assumes that one
torpedo per year will be
deployed from aircraft, and all
other torpedoes will be
deployed from above the
water’s surface from surface
ships. Also, the analysis
assumed that all aerial
deployments will take place
within the area of greatest
marbled murrelet density.
These are very conservative
assumptions, so the conclusion
that exposure probability is <
10% is robust, even though the
reasonable worst-case scenario
for marbled murrelets does not
evaluate possibility of years with
large numbers of marbled
murrelets (e.g. 2014 or 2015).
(see below)

Gunnery Exercise (GE-SS) (Surfaceto-Surface)
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Analysis likely overestimates
probability of exposure. Most
small caliber projectile
trajectories will be much shorter
than assumed. Also, the
number of independent
instances is likely to be smaller
than assumed (i.e., rounds are
likely to be fired in bursts of
more than five bullets in a row).
This activity takes place > 20 nm
from shore; it is not clear how
the actual, possibly highly
variable density in this area will
compare with densities assumed
in the analysis.

Probability
of
exposure
< 10%

100%

100%

Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

Medium caliber
projectiles
(non-explosive)
–
projectile
strike,
in-air noise
from bow
shock wave

Gunnery Exercise (GE-SA) (Surfaceto-Air);
Gunnery Exercise (GE-SS) (Surfaceto-Surface)

Large caliber
projectiles
(non-explosive)
–
projectile
strike,
in-air noise
(bow shock and
muzzle blast)

Gunnery Exercise (GE-SA) (Surfaceto-Air);
Gunnery Exercise (GE-SS) (Surfaceto-Surface)
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Medium caliber projectiles may
vary a great deal. Analysis
conservatively assumed largest
size, highest speed, and longest
trajectory listed in FEIS. Actual
exposure probability may be less
than calculated by this analysis,
but may still be quite high.
(Separate calculation for GE-SA
and GE-SS gives 100%
probability for each activity.)
These activities take place > 20
nm from shore; it is not clear
how the actual, possibly highly
variable density in these areas
will compare with densities
assumed in the analysis.
Analysis of bow shock wave may
assume a larger area of effect
than necessary, so actual
exposure probability may be less
than calculated by this analysis.
However, exposure probability
may still be quite high.
(Separate calculation for GE-SA
and GE-SS gives 48% and 100%
probability, respectively, for
each activity.) These activities
take place > 20 nm from shore;
it is not clear how the actual,
possibly highly variable density
in these areas will compare with
densities assumed in the
analysis.

Probability
of
exposure
100%

100%

Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

Medium caliber
projectiles (E1
explosive) – inair stressors:
projectile strike
(including
fragments),
in-air noise
(bow shock and
explosion),
barotrauma
(explosion)

Gunnery Exercise (GE-SA) (Surfaceto-Air);
Gunnery Exercise (GE-SS) (Surfaceto-Surface)

Medium caliber
projectiles (E1
explosive) –
underwater
stressors:
noise,
barotrauma

Gunnery Exercise (GE-SS) (Surfaceto-Surface)
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If projectiles are fired in bursts
of several projectiles rather than
individually, then analysis
overestimates number of
independent instances, but may
underestimate area of effect of
explosions. These two sources
of error should partially
compensate for one another.
(Separate calculation for GE-SA
and GE-SS gives 100% and 65%
probability respectively for the
two activities.) These activities
take place > 20 nm from shore;
it is not clear how the actual,
possibly highly variable density
in these areas will compare with
densities assumed in the
analysis.
If projectiles are fired in bursts
of several projectiles rather than
individually, then analysis
overestimates number of
independent instances, but may
underestimate area of effect of
explosions. These two sources
of error should partially
compensate for one another.
This activity takes place > 20 nm
from shore; it is not clear how
the actual, possibly highly
variable density in this area will
compare with densities assumed
in the analysis.

Probability
of
exposure
100%

<10%

Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

Large caliber
projectiles (E3
or E5 explosive)
–
in-air stressors:
projectile strike
(including
fragments),
in-air noise
(bow shock,
muzzle noise,
explosion),
barotrauma
(explosion)

Gunnery Exercise (GE-SA) (Surfaceto-Air);
Gunnery Exercise (GE-SS) (Surfaceto-Surface)

Large caliber
projectiles (E3
or E5 explosive)
–
underwater
stressors:
noise,
barotrauma

Gunnery Exercise (GE-SS) (Surfaceto-Surface)
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If projectiles are fired in bursts
of several projectiles rather than
individually, then analysis
overestimates number of
independent instances, but may
underestimate area of effect of
explosions. These sources of
error should partially
compensate for one another.
Assumed all explosions would
be E5, which may be
conservative. (Separate
calculation for GE-SA and GE-SS
gives 100% probability of
exposure for each activity.)
These activities take place > 20
nm from shore; it is not clear
how the actual, possibly highly
variable density in these areas
will compare with densities
assumed in the analysis.
If projectiles are fired in bursts
of several projectiles rather than
individually, then analysis
overestimates number of
independent instances, but may
underestimate area of effect of
explosions. These two sources
of error should partially
compensate for one another.
Assumed all explosions would
be E5, which may be
conservative. This activity takes
place > 20 nm from shore; it is
not clear how the actual,
possibly highly variable density
in this area will compare with
densities assumed in the
analysis.

Probability
of
exposure
100%

72%

Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

All stressors
associated
with missiles –
cumulative
Air-to-air
missiles (nonexplosive) –
strike (falling
expended
missiles),
in-air sound
(missile striking
water)

(see below)

(see below)

Missile Exercise (ME-AA) (Air-to-Air)

Air-to-air
missiles (nonexplosive) –
underwater
sound (missile
striking water)

Missile Exercise (ME-AA) (Air-to-Air)

Some but perhaps not all
assumptions used in
determining the area of effect
were conservative. . This
activity takes place > 50 nm
from shore, where marbled
murrelet densities are likely to
be lower than those assumed in
the analysis. However, the
reasonable worst-case scenario
for marbled murrelets does not
evaluate possibility of years with
large numbers of marbled
murrelets (e.g. 2014 or 2015). It
is not clear whether the
calculated exposure probability
is an overestimate or an
underestimate.
Some but perhaps not all
assumptions used in
determining the area of effect
were conservative. This activity
takes place > 50 nm from shore,
where marbled murrelet
densities are likely to be lower
than those assumed in the
analysis. However, the
reasonable worst-case scenario
for marbled murrelets does not
evaluate possibility of years with
large numbers of marbled
murrelets (e.g. 2014 or 2015).
However, the probability of
exposure is much less than ten
percent, so the conclusion that
exposure is discountable is
robust.
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Probability
of
exposure
100%

< 10%

< 10%

Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Considerations for
interpretation

Stressor

Activities

Air-to-air
missiles
(E7 explosive) –
fragment rain

Missile Exercise (ME-AA) (Air-to-Air)

Surface-to-air
missiles
(E8 explosive) –
missile strike,
in-air noise
(bow-shock
wave,
explosion)

Missile Exercise (ME-SA) (Surface-toAir)
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Probability of exposure refers to
probability that a bird will be
within the estimated radius of
fragment rain. Not all birds
within this radius will be struck
by falling fragments. This
activity takes place > 50 nm
from shore, where marbled
murrelet densities are likely to
be lower than those assumed in
the analysis. However, the
reasonable worst-case scenario
for marbled murrelets does not
evaluate possibility of years with
large numbers of marbled
murrelets (e.g. 2014 or 2015).
The trajectory, size, and speed
of surface-to-air missiles may
vary. For analysis, assumed that
all targets would be relatively
low-altitude so that birds might
be exposed to in-air noise along
the entire trajectory, and that all
missiles would produce sonic
booms. If some targets are
higher altitude, and/or if some
missiles travel at subsonic
speeds, exposure probability will
be lower than calculated. This
activity takes place > 50 nm
from shore, where marbled
murrelet densities are likely to
be lower than those assumed in
the analysis. However, the
reasonable worst-case scenario
for marbled murrelets does not
evaluate possibility of years with
large numbers of marbled
murrelets (e.g. 2014 or 2015).

Probability
of
exposure
73%

100%

Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

Air-to-surface
missiles (E10
explosive) –
missile strike
(including
fragments),
in-air noise
(bow-shock
wave,
explosion)

Missile Exercise (ME-AS) (Air-toSurface)

Air-to-surface
missiles (E10
explosive) –
underwater
explosion

Missile Exercise (ME-AS) (Air-toSurface)

The trajectory, size, and speed
of surface-to-air missiles may
vary. For analysis, assumed that
all would be fired from relatively
low-altitude so that birds might
be exposed to in-air noise along
the entire trajectory. Also
assumed that all missiles would
produce sonic booms, but
several air-to-surface missile
types travel at subsonic speeds.
If these are used, exposure will
be lower than calculated. This
activity takes place > 50 nm
from shore, where marbled
murrelet densities are likely to
be lower than those assumed in
the analysis. However, the
reasonable worst-case scenario
for marbled murrelets does not
evaluate possibility of years with
large numbers of marbled
murrelets (e.g. 2014 or 2015).
This activity takes place > 50 nm
from shore, where marbled
murrelet densities are likely to
be lower than those assumed in
the analysis. However, the
reasonable worst-case scenario
for marbled murrelets does not
evaluate possibility of years with
large numbers of marbled
murrelets (e.g. 2014 or 2015).
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Probability
of
exposure
98%

27%

Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

All stressors
associated
with bombscumulative
Bombs (nonexplosive) –
strike,
in-air sound
(bomb striking
water)

(see below)

(see below)

Bombing Exercise (BE-AS) Air-toSurface

Bombs (nonexplosive) –
underwater
sound (bomb
striking water)

Bombing Exercise (BE-AS) Air-toSurface

Some but perhaps not all
assumptions used in
determining the area of effect
were conservative. These
activities take place > 20 nm
from shore; it is not clear how
the actual, possibly highly
variable density in these areas
will compare with densities
assumed in the analysis.
Therefore, it is not clear
whether this calculation over- or
underestimated the likelihood
of exposure.
Some but perhaps not all
assumptions used in
determining the area of effect
were conservative. These
activities take place > 20 nm
from shore; it is not clear how
the actual, possibly highly
variable density in these areas
will compare with densities
assumed in the analysis.
Therefore, it is not clear
whether this calculation over- or
underestimated the likelihood
of exposure.
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Probability
of
exposure
100%

95%

< 10%

Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

Bombs (E12
explosive) –
strike
(including
fragmentation),
in-air sound
(explosion)

Bombing Exercise (BE-AS) Air-toSurface

Bombs (E12
explosive) –
underwater
explosion

Bombing Exercise (BE-AS) Air-toSurface

All other
stressors
associated
with
underwater
explosions –
cumulative

(see below)

Area of effect is defined by
fragmentation radius. Not all
birds within fragmentation
radius will be struck by
fragments. However, some will
be exposed to other stressors,
like injurious sound. These
explosives are used > 50 nm
from shore, where marbled
murrelet densities are likely to
be lower than those assumed in
the analysis. However, the
reasonable worst-case scenario
for marbled murrelets does not
evaluate possibility of years with
large numbers of marbled
murrelets (e.g. 2014 or 2015).
These explosives are used > 50
nm from shore, where marbled
murrelet densities are likely to
be lower than those assumed in
the analysis. However, the
reasonable worst-case scenario
for marbled murrelets does not
evaluate possibility of years with
large numbers of marbled
murrelets (e.g. 2014 or 2015).
(see below)
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Probability
of
exposure
74%

64%

100%

Table 16. Results of exposure analysis: probability of marbled murrelet exposure to stressors
over 20 years. The listed probability is the probability of one or more exposure at any time
during the 20 year period, under the assumptions of the “reasonable worst-case” scenario.
Stressor

Considerations for
interpretation

Activities

Explosive
sonobuoy (E3)

Maritime Patrol Aircraft (Sound
Underwater Signal) (ASWTTMPASUS)

Explosive
sonobuoy (E4)

Maritime Patrol Aircraft (Improved
Extended Echo Ranging)(ASWTTMPAIEER)

Explosive
torpedo
(E8 or E11)

Torpedo (Explosive) Testing
(ASWASWT-TT)
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These explosives are used > 12
nm from shore, where densities
of murrelets are generally
expected to be lower than
nearshore, even during winter.
However, it is unknown how
murrelet densities at these
distances compare with the
densities assumed in the
analysis.
These explosives are used > 12
nm from shore, where densities
of murrelets are generally
expected to be lower than
nearshore, even during winter.
However, it is unknown how
murrelet densities at these
distances compare with the
densities assumed in the
analysis.
Analysis assumed that all
torpedoes will be E11. If E8
torpedoes are used, exposure
probabilities will be lower.
These explosives are used > 50
nm from shore, where marbled
murrelet densities are likely to
be lower than those assumed in
the analysis. However, the
reasonable worst-case scenario
for marbled murrelets does not
evaluate possibility of years with
large numbers of marbled
murrelets (e.g. 2014 or 2015).

Probability
of
exposure
95%

99%

100%

3.2 Number of birds reasonably certain to be exposed
3.2.1 Short-Tailed Albatross
Table 17 shows the results of the analysis of the number of albatross expected to be exposed to
non-discountable stressors during the 20 year period, under the “reasonably certain” scenario.
Stressors found to be discountable as a result of the exposure analysis are not listed. In some
cases, stressors were found to be non-discountable under the assumptions of the “reasonable
worst-case” scenario, but not under the assumptions of the “reasonably certain” scenario. In
these cases, rather than the expected number of birds exposed, the stressors are listed as “not
reasonably certain” to lead to exposure. However, the threshold for the reasonable certainty of
take used to construct the Incidental Take Statement was 50 percent, rather than ten percent.
Therefore, stressors with a less than 50 percent probability of exposure over 20 years are also
marked in the table, although the expected number of birds exposed (in all of these cases, fewer
than one bird over 20 years) is also shown for use in the Integration and Synthesis.
Table 17. Expected number of short-tailed albatross exposed to stressors over 20 years.
Stressor
All stressors
associated with
gunnery projectiles cumulative
Small caliber
projectiles –
projectile strike only

Considerations for
interpretation

Activities
(see below)

(see below)

Gunnery Exercise (GE-SS) (Surfaceto-Surface)

Analysis likely
overestimates number of
birds exposed. Most small
caliber projectile
trajectories will be much
shorter than assumed.
Also, the number of
independent instances is
likely to be smaller than
assumed (i.e., rounds are
likely to be fired in bursts
of more than five bullets in
a row).
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Expected
number of
birds
exposed
11.2833(sum
of rows
below)
0.7924869

Table 17. Expected number of short-tailed albatross exposed to stressors over 20 years.
Stressor

Considerations for
interpretation

Activities

Medium caliber
projectiles (nonexplosive) –
projectile strike,
in-air noise from
bow shock wave

Gunnery Exercise (GE-SA) (Surfaceto-Air);
Gunnery Exercise (GE-SS) (Surfaceto-Surface)

Large caliber
projectiles (nonexplosive) –
projectile strike,
in-air noise (bow
shock and muzzle
blast)
Medium caliber
projectiles (E1
explosive) – in-air
stressors: projectile
strike (including
fragments),
in-air noise (bow
shock and
explosion),
barotrauma
(explosion)

Gunnery Exercise (GE-SA) (Surfaceto-Air);
Gunnery Exercise (GE-SS) (Surfaceto-Surface)

Gunnery Exercise (GE-SA) (Surfaceto-Air);
Gunnery Exercise (GE-SS) (Surfaceto-Surface)
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Medium caliber projectiles
may vary a great deal.
Analysis assumed ¼ of
projectiles in each of 4 size
classes (maximum possible
medium caliber size plus 3
others listed in FEIS as
common sizes). Analysis
for GE-SA also did not
include the entire
trajectory in the area of
effect for bow shock wave,
because some of the time
the projectile is expected
to be high enough that the
radius to effect will not
extend vertically into the
altitudes where most birds
will be present.
Analysis of bow shock
wave may assume a larger
area of effect than
necessary, so actual
number of birds exposed
may be less than calculated
here.
If projectiles are fired in
bursts of several projectiles
rather than individually,
then analysis
overestimates number of
independent instances, but
may underestimate area of
effect of explosions. These
two sources of error
should partially
compensate for one
another.

Expected
number of
birds
exposed
2.13285
=0.7087508
+ 0.4980839
+
0.3046766 +
0.22627
(ss) +
0.2294172 +
0.1066338 +
0.03498224
+
0.0240352
(sa)

1.556296 =
1.529748
(ss) +
0.02654868
(sa)
5.535007 =
0.03489236
(ss) +
1.801531 +
1.400707 +
1.166804 +
1.131072
(sa)

Table 17. Expected number of short-tailed albatross exposed to stressors over 20 years.
Considerations for
interpretation

Stressor

Activities

Large caliber
projectiles (E3 or E5
explosive) –
in-air stressors:
projectile strike
(including
fragments),
in-air noise (bow
shock, muzzle noise,
explosion),
barotrauma
(explosion)

Gunnery Exercise (GE-SA) (Surfaceto-Air);
Gunnery Exercise (GE-SS) (Surfaceto-Surface)

All stressors
associated with
missiles cumulative

(see below)

Air-to-air missiles
(E7 explosive) –
fragment rain

Missile Exercise (ME-AA) (Air-toAir)
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If projectiles are fired in
bursts of several projectiles
rather than individually,
then analysis
overestimates number of
independent instances, but
may underestimate area of
effect of explosions. These
sources of error should
partially compensate for
one another. Assumed all
explosions would be E5,
which may be
conservative.
Exposure to stressors
associated with missiles is
not reasonably certain to
occur (see below).
Probability of exposure
refers to probability that a
bird will be within the
estimated radius of
fragment rain. Not all birds
within this radius will be
struck by falling fragments.

Expected
number of
birds
exposed
1.266661 =
0.3711808
(ss) +
0.89548
(sa)

0.3064264
(sum of rows
below, does
not include
E7)
not
reasonably
certain
Less than
10%
probability
of exposure
under rcs

Table 17. Expected number of short-tailed albatross exposed to stressors over 20 years.
Stressor
Surface-to-air
missiles
(E8 explosive) –
missile strike,
in-air noise (bowshock wave,
explosion)

Considerations for
interpretation

Activities
Missile Exercise (ME-SA) (Surfaceto-Air)

Air-to-surface
missiles (E10
explosive) –
missile strike
(including
fragments),
in-air noise (bowshock wave,
explosion)

Missile Exercise (ME-AS) (Air-toSurface)

All stressors
associated with
bombs- cumulative

(see below)

59

The trajectory, size, and
speed of surface-to-air
missiles may vary. For
analysis, assumed that all
targets would be relatively
low-altitude so that birds
might be exposed to in-air
noise along the entire
trajectory, and that all
missiles would produce
sonic booms. If some
targets are higher altitude,
and/or if some missiles
travel at subsonic speeds,
fewer birds will be
exposed.
The trajectory, size, and
speed of surface-to-air
missiles may vary. For
analysis, assumed that all
would be fired from
relatively low-altitude so
that birds might be
exposed to in-air noise
along the entire trajectory.
Also assumed that all
missiles would produce
sonic booms, but several
air-to-surface missile types
travel at subsonic speeds.
If these are used, fewer
birds will be exposed.
Exposure to stressors
associated with bombs is
not reasonably certain to
occur (see below).

Expected
number of
birds
exposed
0.1923518 =
0.1180443
(long-range)
+
0.0743075
(shortrange)
Less than
50%
probability
of exposure
under rcs

0.1140746 =
0.06394187
(long-range)
+
0.05013269
(shortrange)
Less than
50%
probability
of exposure
under rcs

0.120953

Table 17. Expected number of short-tailed albatross exposed to stressors over 20 years.
Stressor

Considerations for
interpretation

Activities

Bombs (nonexplosive) –
strike,
in-air sound (bomb
striking water)

Bombing Exercise (BE-AS) Air-toSurface

Bombs (E12
explosive) – strike
(including
fragmentation),
in-air sound
(explosion)

Bombing Exercise (BE-AS) Air-toSurface

Total over all
stressors

See above

Some but perhaps not all
assumptions used in
determining the area of
effect were conservative.
Therefore, it is not clear
whether this calculation
over- or underestimated
the probability of exposure
and number of birds likely
to be exposed.
Area of effect is defined by
fragmentation radius. Not
all birds within
fragmentation radius will
be struck by fragments.
However, some will be
exposed to other stressors,
like injurious sound.
Does not include stressors
determined to be
discountable under rwcs.
Also does not include
stressors not discountable
under rwcs but with less
than 10% chance of
exposure under the
“reasonably certain”
scenario.

Expected
number of
birds
exposed
0.120953
Less than
50%
probability
of exposure
under rcs

not
reasonably
certain
Less than
10%
probability
of exposure
under rcs
11.72739
(sum of
stressors
listed above)

3.2.2 Marbled Murrelets – Offshore
Table 18 shows the results of the analysis of the number of marbled murrelet groups expected to
be exposed to non-discountable stressors during the 20 year period, under the “reasonably
certain” scenario. Stressors found to be discountable as a result of the exposure analysis are not
listed. In some cases, stressors were found to be non-discountable under the assumptions of the
“reasonable worst-case” scenario, but not under the assumptions of the “reasonably certain”
scenario. In these cases, rather than the expected number of birds exposed, the stressors are
listed as “not reasonably certain” to lead to exposure. However, the threshold for the reasonable
certainty of take used to construct the Incidental Take Statement was 50 percent, rather than ten
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percent. Therefore, stressors with a less than 50 percent probability of exposure over 20 years
are also marked in the table, although the expected number of birds exposed (in all of these
cases, fewer than one group over 20 years) is also shown for use in the Integration and Synthesis.
Table 18. Expected numbers of marbled murrelet groups (expected size of group = 2 birds)
expected to be exposed to offshore stressors over 20 years.
Stressor
Helicopters and
unmanned rotor
winged aerial
vehicles –
Rotor wash during
a hover

All stressors
associated with
gunnery
projectiles cumulative
Small caliber
projectiles –
projectile strike
only

Activities
Tracking Exercise –
Helicopter (TE-Helo);
Anti-Submarine Warfare
Mission Package Testing
(NSC-ASWMPT);
Torpedo (Explosive)
Testing (ASWASWT-TT);
Unmanned Aircraft
System (UAS)
(see below)

Gunnery Exercise (GE-SS)
(Surface-to-Surface)

Considerations for
interpretation
Analysis includes exposure
to rotor-winged aircraft only
while the aircraft are
hovering close to the
surface of the water.

Expected number of
bird groups exposed
Not reasonably
certain to occur

(see below)

41.06573 (sum of
rows below, does not
include E1
underwater sound)

Analysis likely overestimates
number of birds exposed.
Most small caliber projectile
trajectories will be much
shorter than assumed. Also,
the number of independent
instances is likely to be
smaller than assumed (i.e.,
rounds are likely to be fired
in bursts of more than five
bullets in a row). This
activity takes place > 20 nm
from shore; it is not clear
how the actual, possibly
highly variable density in
this area will compare with
densities assumed in the
analysis.
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1.174309

Table 18. Expected numbers of marbled murrelet groups (expected size of group = 2 birds)
expected to be exposed to offshore stressors over 20 years.
Stressor

Activities

Medium caliber
projectiles (nonexplosive) –
projectile strike,
in-air noise from
bow shock wave

Gunnery Exercise (GE-SA)
(Surface-to-Air);
Gunnery Exercise (GE-SS)
(Surface-to-Surface)

Large caliber
projectiles (nonexplosive) –
projectile strike,
in-air noise (bow
shock and muzzle
blast)

Gunnery Exercise (GE-SA)
(Surface-to-Air);
Gunnery Exercise (GE-SS)
(Surface-to-Surface)

Considerations for
interpretation
Medium caliber projectiles
may vary a great deal.
Analysis assumed ¼ of
projectiles in each of 4 size
classes (maximum possible
medium caliber size plus 3
others listed in FEIS as
common sizes). Analysis for
GE-SA also did not include
the entire trajectory in the
area of effect for bow shock
wave, because some of the
time the projectile is
expected to be high enough
that the radius to effect will
not extend vertically into
the altitudes where most
birds will be present.
Analysis of bow shock wave
may assume a larger area of
effect than necessary, so
actual number of bird
groups exposed may be less
than calculated by this
analysis. These activities
take place > 20 nm from
shore; it is not clear how the
actual, possibly highly
variable density in these
areas will compare with
densities assumed in the
analysis.
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Expected number of
bird groups exposed
9.133384 =
3.171455 + 2.228781
+ 1.363341 +
1.012492 (ss) +
0.7881959 +
0.3663571 +
0.1201869 +
0.08257614 (sa)

7.138442 =
6.965994 (ss) +
0.1724481 (sa)

Table 18. Expected numbers of marbled murrelet groups (expected size of group = 2 birds)
expected to be exposed to offshore stressors over 20 years.
Stressor

Activities

Medium caliber
projectiles (E1
explosive) – in-air
stressors:
projectile strike
(including
fragments),
in-air noise (bow
shock and
explosion),
barotrauma
(explosion)

Gunnery Exercise (GE-SA)
(Surface-to-Air);
Gunnery Exercise (GE-SS)
(Surface-to-Surface)

Large caliber
projectiles (E3 or
E5 explosive) –
in-air stressors:
projectile strike
(including
fragments),
in-air noise (bow
shock, muzzle
noise, explosion),
barotrauma
(explosion)

Gunnery Exercise (GE-SA)
(Surface-to-Air);
Gunnery Exercise (GE-SS)
(Surface-to-Surface)

Considerations for
interpretation
If projectiles are fired in
bursts of several projectiles
rather than individually,
then analysis overestimates
number of independent
instances, but may
underestimate area of effect
of explosions. These two
sources of error should
partially compensate for
one another. These
activities take place > 20 nm
from shore; it is not clear
how the actual, possibly
highly variable density in
these areas will compare
with densities assumed in
the analysis.
If projectiles are fired in
bursts of several projectiles
rather than individually,
then analysis overestimates
number of independent
instances, but may
underestimate area of effect
of explosions. These
sources of error should
partially compensate for
one another. Assumed all
explosions would be E5,
which may be conservative.
These activities take place >
20 nm from shore; it is not
clear how the actual,
possibly highly variable
density in these areas will
compare with densities
assumed in the analysis.
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Expected number of
bird groups exposed
18.81658 =
0.1846909 (ss) +
6.102762+
4.744969 +
3.952608 +
3.831549(sa)

4.80301 = 1.768251
(ss) + 3.034759
(sa)

Table 18. Expected numbers of marbled murrelet groups (expected size of group = 2 birds)
expected to be exposed to offshore stressors over 20 years.
Stressor

Activities

Large caliber
projectiles (E3 or
E5 explosive) –
underwater
stressors: noise,
barotrauma

Gunnery Exercise (GE-SS)
(Surface-to-Surface)

All stressors
associated with
missiles –
cumulative

Missile Exercise (ME-AA)
(Air-to-Air);
Missile Exercise (ME-SA)
(Surface-to-Air);
Missile Exercise (ME-AS)
(Air-to-Surface)

Considerations for
interpretation
If projectiles are fired in
bursts of several projectiles
rather than individually,
then analysis overestimates
number of independent
instances, but may
underestimate area of effect
of explosions. These two
sources of error should
partially compensate for
one another. Assumed all
explosions would be E5,
which may be conservative.
This activity takes place > 20
nm from shore; it is not
clear how the actual,
possibly highly variable
density in this area will
compare with densities
assumed in the analysis.
All missile activities take
place > 50 nm from shore.
Since we are not reasonably
certain that marbled
murrelets will be present at
these distances, take is not
reasonably certain to occur.
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Expected number of
bird groups exposed
0.1287847
Less than 50%
probability of
exposure under rcs

Not reasonably
certain to occur

Table 18. Expected numbers of marbled murrelet groups (expected size of group = 2 birds)
expected to be exposed to offshore stressors over 20 years.
Stressor

Activities

All stressors
associated with
bombscumulative
Bombs (nonexplosive) –
strike,
in-air sound (bomb
striking water)

(see below)

Bombs (E12
explosive) – strike
(including
fragmentation),
in-air sound
(explosion)

Bombing Exercise (BE-AS)
Air-to-Surface

Bombs (E12
explosive) –
underwater
explosion

Bombing Exercise (BE-AS)
Air-to-Surface

All other stressors
associated with
underwater
explosions –
cumulative

(see below)

Bombing Exercise (BE-AS)
Air-to-Surface

Considerations for
interpretation
(see below)

Some but perhaps not all
assumptions used in
determining the area of
effect were conservative.
These activities take place >
20 nm from shore; it is not
clear how the actual,
possibly highly variable
density in these areas will
compare with densities
assumed in the analysis.
Therefore, it is not clear
whether this calculation
over- or underestimated the
probability of exposure and
number of birds likely to be
exposed.
Explosive bombs are used
only at distances > 50 nm
from shore. Since we are
not reasonably certain that
marbled murrelets will be
present at these distances,
take is not reasonably
certain to occur.
Explosive bombs are used
only at distances > 50 nm
from shore. Since we are
not reasonably certain that
marbled murrelets will be
present at these distances,
take is not reasonably
certain to occur.
(see below)
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Expected number of
bird groups exposed
0.4571085 (sum of
rows below, includes
practice bombs only)
0.4571085
Less than 50%
probability of
exposure under rcs

Not reasonably
certain to occur

Not reasonably
certain to occur

3.861495 (sum of
rows below, does not
include torpedoes)

Table 18. Expected numbers of marbled murrelet groups (expected size of group = 2 birds)
expected to be exposed to offshore stressors over 20 years.
Stressor
Explosive
sonobuoy (E3)

Explosive
sonobuoy (E4)

Explosive torpedo
(E8 or E11)

Total over all
stressors

Considerations for
interpretation
Maritime Patrol Aircraft
These explosives are used >
(Sound Underwater Signal) 12 nm from shore, where
(ASWTT-MPASUS)
densities of murrelets are
generally expected to be
lower than nearshore, even
during winter. However, it
is unknown how murrelet
densities at these distances
compare with the densities
assumed in the analysis.
Maritime Patrol Aircraft
These explosives are used >
(Improved Extended Echo 12 nm from shore, where
Ranging)(ASWTTdensities of murrelets are
MPAIEER)
generally expected to be
lower than nearshore, even
during winter. However, it
is unknown how murrelet
densities at these distances
compare with the densities
assumed in the analysis.
Torpedo (Explosive)
This activity will take place >
Testing (ASWASWT-TT)
50 nm from shore. Since
we are not reasonably
certain that marbled
murrelets will be present at
these distances, take is not
reasonably certain to occur.
See above
Does not include stressors
determined to be
discountable under rwcs.
Also does not include
stressors not discountable
under rwcs but with less
than 10% chance of
exposure under the
“reasonably certain”
scenario.
Activities
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Expected number of
bird groups exposed
1.086295

2.7752

Not reasonably
certain to occur

45.51311
(sum of stressors
listed above)

3.2.3 Marbled Murrelets – Inland Waters
Table 19 shows the results of the analysis of the number of marbled murrelet groups expected to
be exposed to non-discountable stressors during the 20 year period, under the “reasonably
certain” scenario. Stressors found to be discountable as a result of the exposure analysis are not
listed. In some cases, stressors were found to be non-discountable under the assumptions of the
“reasonable worst-case” scenario, but not under the assumptions of the “reasonably certain”
scenario. In these cases, rather than the expected number of birds exposed, the stressors are
listed as “not reasonably certain” to lead to exposure. However, the threshold for the reasonable
certainty of take used to construct the Incidental Take Statement was 50 percent, rather than ten
percent. Therefore, stressors with a less than 50 percent probability of exposure over 20 years
are also marked in the table, although the expected number of birds exposed (in all of these
cases, fewer than one group over 20 years) is also shown for use in the Integration and Synthesis.
Table 19. Expected numbers of marbled murrelet groups (expected size of group = 2 birds)
expected to be exposed to Inland Waters stressors over 20 years.
Stressor

Activities

Considerations for interpretation

SWAG (<E1)
underwater
explosions

Mine Neutralization –
Explosive Ordnance Disposal
(EOD)
Locations: Crescent Harbor,
Floral Point (both Stratum 2)

Activities at both Crescent Harbor
and Floral Pt. (Expected number is
total for both locations,
incorporates monitoring.)

E3 underwater
explosions

Mine Neutralization –
Explosive Ordnance Disposal
(EOD)
Locations: Crescent Harbor,
Floral Point (both Stratum 2)
Surface Ship Sonar
Maintenance (SSSM) and
Pierside Sonar Testing
Location: Everett (Stratum 3)

Activities at both Crescent Harbor
and Floral Pt. (Expected number is
total for both locations,
incorporates monitoring.)

Sonar: MF1

Sonar: MF3

Pierside Sonar Testing (LCAPST);
Submarine Sonar
Maintenance (SSM)
Location: Bangor (Stratum 2)

615 per 5 min
435,840 m2 (0.44 km2 or 0.13 nm2)
MF8

Note that the two MF3 categories
each have probability of exposure <
10% for the “reasonably certain”
scenario, but in combination,
probability of exposure is ~12%.
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Expected
number of
bird groups
exposed
0.6772716
Less than
50%
probability
of exposure
under rcs
3.17809

0.5899787
Less than
50%
probability
of exposure
under rcs
Not
reasonably
certain

Table 19. Expected numbers of marbled murrelet groups (expected size of group = 2 birds)
expected to be exposed to Inland Waters stressors over 20 years.
Stressor
Sonar: MF3

Sonar: MF8
Sonar: MF8

Sonar: ASW4

Helicopters

Total over all
non-helicopter
stressors
(Inland Waters)

Activities

Considerations for interpretation

Pierside Sonar Testing (LCAPST);
Submarine Sonar
Maintenance (SSM)
Location: Bremerton (Stratum
3)
Pierside Integrated Swimmer
Defense (SPSSDT-PISD)
Location: Bangor (Stratum 2)
Pierside Integrated Swimmer
Defense (SPSSDT-PISD);
Pierside Integrated Swimmer
Defense (ACT-PISD)
Location: Keyport (Stratum 3)
Acoustic Component Test –
Countermeasures Testing
(ACT-CT)
Location: Keyport (Stratum 3)
Maritime Homeland
Defense/Security Mine
Countermeasures Integrated
Exercises;
Personnel Insertion and
Extraction – Non-Submersible;
Search and Rescue;
Mine Neutralization –
Explosive Ordnance Disposal
(EOD)
Locations: Puget Sound, Navy
7, Crescent Harbor and Hood
Canal EOD Training Ranges
See above (this table only)

Note that the two MF3 categories
each have probability of exposure <
10% for the “reasonably certain”
scenario, but in combination,
probability of exposure is ~12%.

Expected
number of
bird groups
exposed
Not
reasonably
certain

0.6521666
0.5535839

Not
reasonably
certain
6.575979

Does not include stressors
determined to be discountable
under rwcs. Also does not include
stressors not discountable under
rwcs but with less than 10% chance
of exposure under rcs. Also
excludes helicopters.
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5.651091
(sum of
stressors
listed
above)

Table 19. Expected numbers of marbled murrelet groups (expected size of group = 2 birds)
expected to be exposed to Inland Waters stressors over 20 years.
Stressor

Activities

Total over all
stressors
(Inland Waters)

See above (this table only)

Total over all
stressors
(all marbled
murrelet
exposure, Inland
Waters and
Offshore)

See above (this table and
previous table)

Considerations for interpretation
Does not include stressors
determined to be discountable
under rwcs. Also does not include
stressors not discountable under
rwcs but with less than 10% chance
of exposure under rcs.
Does not include stressors
determined to be discountable
under rwcs. Also does not include
stressors not discountable under
rwcs but with less than 10% chance
of exposure under rcs.
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Expected
number of
bird groups
exposed
12.22707

57.74018
(sum of
stressors
listed
above)
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APPENDIX B
DESCRIPTION OF THE NAVY ACTIVITIES
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NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS

A.1.1.1

OCTOBER 2015

Air Combat Maneuver

Activity Name

Activity Description

Anti-Air Warfare
Air Combat
Maneuver

Short Description:
Aircrews engage in flight maneuvers designed to gain a tactical advantage during combat.

Long Description

Basic flight maneuvers where aircrew engage in offensive and defensive maneuvering
against each other. During an air combat maneuver engagement, no ordnance is fired,
countermeasures such as chaff and flares may be used. These maneuvers typically involve
two aircraft; however, based upon the training requirement, air combat maneuver exercises
may involve up to four aircraft.

Information Typical to
the Event

Platform: Fixed-wing aircraft (e.g., EA-18G)
Systems: None
Ordnance/Munitions: None
Targets: None
Duration: 1–2 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Aircraft noise
Energy: None
Physical Disturbance and Strike: Aircraft and aerial target strikes
Entanglement: None
Ingestion: Military expended materials

Detailed Military
Expended Materials
Information

Chaff and flares

Assumptions Used for
Analysis

No munitions fired. Flare and chaff may be used. All flare and chaff analyzed under flare
exercise and chaff exercise events.

APPENDIX A NAVY ACTIVITIES DESCRIPTIONS

Location:
Offshore Area

A-2

NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS

A.1.1.2

OCTOBER 2015

Missile Exercise (Air-to-Air)

Activity Name

Activity Description

Anti-Air Warfare
Missile Exercise
(Air-to-Air)

Short Description:
Aircrews defend against threat aircraft with missiles.

Long Description

An event involves two or more jet aircraft and a target. Missiles are non-explosive practice
munitions or high explosive warheads. The target is an unmanned aerial target drone (e.g.,
BQM-34, BQM-74), a Tactical Air-Launched Decoy, or a parachute suspended illumination
flare. Target drones deploy parachutes and are recovered by boat or helicopter; Tactical AirLaunched Decoys and illumination flares are expended and not recovered. These events
typically occur at high altitudes.
Anti-air missiles may also be employed when training against threat missiles.

Information Typical to
the Event

Platform: Fixed-wing aircraft (e.g., FA-18C,
EA-18G, F-35)
Systems: None
Ordnance/Munitions: Anti-air missiles (e.g.,
AIM-7, AIM-9, AIM-120 [non-explosive and high
explosive])
Targets: BQM-34, BQM-74, Tactical
Air-Launched Decoy, illumination flare (e.g.,
LUU-2)
Duration: 1–2 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: In-air explosions, aircraft noise
Energy: None
Physical Disturbance and Strike: Aircraft and aerial target strikes, military expended
materials strike (target and missile fragment)
Entanglement: Decelerator/parachutes
Ingestion: Military expended materials (missile fragments, decelerator/parachute, flare
casing, target fragments)

Detailed Military
Expended Materials
Information

Decelerator/parachutes, flare casings, missile body, target fragments, missile fragments

Assumptions Used for
Analysis

1.25 missiles per event. Half of all missiles have explosive warheads, half are
non-explosive.
Assume 1.5 flares per Missile Exercise event

APPENDIX A NAVY ACTIVITIES DESCRIPTIONS

Location:
Offshore Area

A-3

NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS

A.1.1.3

OCTOBER 2015

Gunnery Exercise (Surface-to-Air)

Activity Name

Activity Description

Anti-Air Warfare
Gunnery Exercise
(Surface-to-Air)

Short Description:
Surface vessel crews defend against threat aircraft or missiles with large/medium-caliber
guns.

Long Description

Surface vessel personnel defend against threat aircraft or missile targets with guns to
disable or destroy the threat.
An event involves one vessel and a simulated threat aircraft or anti-vessel missile that is
detected by the vessel's radar. Medium-caliber guns fire projectiles, typically non-explosive,
to disable or destroy the threat before it reaches the vessel. The target is towed by a
commercial air services jet.

Information Typical to
the Event

Platform: Surface vessel (all)
Systems: None
Ordnance/Munitions: Large/medium-caliber
munitions (non-explosive)
Targets: Towed banners behind aircraft
Duration: 1–2 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: In-air explosions, aircraft noise, vessel noise, weapons firing noise
Energy: None
Physical Disturbance and Strike: Military expended materials strike (projectiles), vessel
strike, aircraft strike (seabirds only)
Entanglement: None
Ingestion: Military expended materials (projectiles, casings)

Detailed Military
Expended Materials
Information

Projectiles
Casings

Assumptions Used for
Analysis

All projectiles are non-explosive. Close In Weapon System employed in all events. Routine
Close In Weapon System maintenance related firing can occur throughout study area, as
long as a clear range is established. This is conducted at altitudes as low as 3,000 ft.
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Location:
Offshore Area

A-4

NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS

A.1.1.4

OCTOBER 2015

Missile Exercise (Surface-to-Air)

Activity Name

Activity Description

Anti-Air Warfare
Missile Exercise
(Surface-to-Air)

Short Description:
Surface vessel crews engage threat missiles and aircraft with missiles.

Long Description

Surface vessel crews defend against threat missiles and aircraft with vessel launched
missiles.
The event involves a simulated threat aircraft or anti-ship missile, which is detected by the
vessel's radar. Vessel launched anti-air missiles are fired (high explosive) to disable or
destroy the threat. The target typically is a remote controlled drone. Anti-air missiles may
also be used to train against land attack missiles.

Information Typical to
the Event

Platform: Surface vessels (all)
Systems: None
Ordnance/Munitions: Anti-air missiles (e.g.,
Sea Sparrow, Standard Missile SM-2, Rolling
Airframe Missile [high explosive])
Targets: Unmanned drones (e.g., BQM-34,
BQM-74)
Duration: 1–2 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: In-air explosions, aircraft noise, vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Military expended materials strike (missile fragments),
vessel strike, aircraft strike (seabirds only)
Entanglement: None
Ingestion: Military expended materials (missile fragments)

Detailed Military
Expended Materials
Information

Missile fragments

Assumptions Used for
Analysis

Two missiles per event. All anti-air missiles are high explosive. Missile explodes well above
the ocean surface. All explosive and propellant consumed. Target typically not destroyed,
unmanned drones are recovered.
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Location:
Offshore Area
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NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS

A.1.2.1

OCTOBER 2015

Gunnery Exercise Surface-to-Surface (Ship)

Activity Name

Activity Description

Anti-Surface Warfare
Gunnery Exercise
Surface-to-Surface
(Ship)

Short Description:
Vessel crews engage surface targets with vessel's small-, medium-, and large-caliber guns
designed to provide close range defense against patrol boats, smaller boats, swimmers,
and floating mines.

Long Description

This exercise involves vessel crews engaging surface targets at sea with small-, medium-,
and large-caliber weapons.
Vessels use small caliber weapons to practice defensive marksmanship, typically against
stationary floating targets. The target may be a 10-foot diameter red balloon (Killer Tomato),
a 50-gallon steel drum, or other available target, such as a cardboard box. Some targets are
expended during the exercise and are not recovered.
Vessel crew qualifications conducted at sea employ stationary targets on deck. Small-,
medium-, and large-caliber projectiles fired during these events will be expended in the
water.
Shipboard protection systems utilizing small caliber projectiles will train against high speed
mobile targets.

Information Typical to
the Event

Platform: Surface vessels
Systems: None
Ordnance/Munitions: Small-, medium-, and
large-caliber (non-explosive)
Targets: Recoverable or expendable floating
target (stationary or towed), remote controlled
high speed targets
Duration: 2–3 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Vessel noise, weapons firing noise, underwater explosions (e.g., E1, E5)
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strike, military expended
materials strike (projectile), target strike
Entanglement: None
Ingestion: Military expended materials (small-caliber projectiles, casings, target fragments)

Detailed Military
Expended Materials
Information

Small-, medium-, and large-caliber projectiles
Casings
Target fragments

Assumptions Used for
Analysis

Small-caliber rounds: 121,200 non-explosive practice munitions annually
Medium-caliber rounds: 33,492 non-explosive practice munitions, and 178 high explosive
(HE) munitions annually
Large-caliber rounds: 2,720 non-explosive practice munitions and 160 HE munitions
annually.
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OCTOBER 2015

Missile Exercise Air-to-Surface

Activity Name

Activity Description

Anti-Surface Warfare
Short Description:
Missile Exercise
(Air-to-Surface)

Fixed-wing aircrews simulate firing precision-guided missiles, using captive air training
missiles (CATMs) against surface targets. Some activities include firing a missile with a high
explosive (HE) warhead.

Long Description

Fighter and maritime patrol aircraft simulate the firing of precision-guided missiles against
surface targets.
The aircrew uses sensors, usually radar, to locate a surface target. The crew then simulates
the firing of an actual missile by using a non-firing CATM that has been loaded on the
aircraft.
Some activities include firing a missile with a HE warhead at a target.

Information Typical to
the Event

Platform: Fixed-wing aircraft (e.g., EA-18G)
Systems: None
Ordnance/Munitions: Air-to-surface missile
(HE)
Targets: Recoverable floating target (stationary
or towed), Remotely operated target
Duration: 2 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Aircraft noise, tow vessel noise, underwater explosions (e.g., E10)
Energy: None
Physical Disturbance and Strike: Military expended materials strike (missile), vessel
strike, aircraft strike (seabirds only)
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

Missile fragments

Assumptions Used for
Analysis

Assume one target per event.
Most missiles are non-firing. Some missiles are live missiles with HE warhead (4 HE
missiles per year).
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High-speed Anti-Radiation Missile (HARM) Exercise (Non-firing)

Activity Name

Activity Description

Anti-Surface Warfare
High-speed AntiRadiation Missile
(HARM) Exercise
(Non-firing)

Short Description:
Fixed-wing aircrews simulate firing HARM missiles, using captive air training missiles
against surface targets. All missile firings are simulated; no actual missiles are fired.

Long Description

A HARM Exercise is conducted to train aircrews to conduct electronic attack using the
HARM missile, which is the primary weapon used against threat radars, including air
defense systems. Only non-firing HARMs are used during HARM Exercises in the Offshore
Area of the NWTT Study Area. During a typical HARM Exercise, an EA-18G flying at a high
altitude (> 10,000 ft. above ground level) would simulate firing a HARM missile at an
electronic signal. HARM Exercises are non-firing events that typically last 1–2 hours.

Information Typical to
the Event

Platform: Fixed-wing aircraft (e.g., EA-18G)
Systems: Radar, electronic surveillance,
Captive Air Training Missile
Ordnance/Munitions: None
Targets: None
Duration: 2 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Aircraft noise
Energy: None
Physical Disturbance and Strike: Aircraft strike (seabirds only)
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

All events are non-firing.
Aircraft remain above 10,000 ft. for the entire event.
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Bombing Exercise Air-to-Surface

Activity Name

Activity Description

Anti-Surface Warfare
Bombing Exercise
(Air-to-Surface)

Short Description:
Fixed-wing aircrews deliver bombs against surface targets.

Long Description

Fixed-wing aircrews deliver bombs against surface targets. Aircraft altitudes during delivery
can be as low as 400 ft.
Fixed-wing aircraft conduct a bombing exercise against stationary floating targets (e.g.:
MK-58 smoke buoy). An aircraft clears the area, deploys a smoke buoy or other floating
target, and then delivers high explosive (HE) or non-explosive practice munitions (NEPM)
bomb(s) on the target. A range boat may be used to deploy targets for an aircraft to attack.
The majority of bombing exercises conducted within the Northwest Training and Testing
Study Area utilize NEPM.
Exercises for strike fighters typically involve a flight of two aircraft delivering unguided or
guided munitions that may be either HE or NEPM. The following munitions may be
employed by strike fighter aircraft in the course of the bombing exercise: Unguided
munitions: Non-explosive sub-scale NEPM bombs (MK-76 and Bomb Dummy Unit
[BDU]-45), explosive and non-explosive general purpose bombs (MK-80 series).
Precision-guided munitions: Laser-guided bombs (explosive, non-explosive), Laser-guided
Training Rounds (non-explosive), Joint Direct Attack Munition (explosive, non-explosive).

Information Typical to
the Event

Platform: Fixed-wing (e.g., F/A-18, F-35, P-8,
P-3)
Systems: None
Ordnance/Munitions: Bombs (e.g., MK-76,
BDU-45, MK-80 series
Targets: Expendable floating target (e.g.,
smoke float)
Duration: 1 hour

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Underwater explosions (e.g., E12), aircraft noise
Energy: None
Physical Disturbance and Strike: Military expended materials strike (non-explosive
bomb), aircraft strike (seabirds only)
Entanglement: None
Ingestion: Military expended materials (bomb fragments, target fragments, smoke floats)

Detailed Military
Expended Materials
Information

Bomb fragments
Inert Bombs
Target fragments
Smoke floats

Assumptions Used for
Analysis

Approximately 90 percent of non-explosive bombs are the sub-scale NEPM bombs such as
the MK-76 and BDU-48.
110 NEPM and 10 HE bombs annually.
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Sinking Exercise

Activity Name

Activity Description

Anti-Surface Warfare
Short Description:
Sinking Exercise

Aircraft, vessel, and submarine crews deliver ordnance on a seaborne target, usually a
deactivated ship, which is deliberately sunk using multiple weapon systems. Sinking
exercises are included in the No Action Alternative for the purpose of analysis, but are
not part of the Proposed Action.

Long Description

Ship personnel and aircrew deliver high explosive ordnance on a seaborne target,
(large deactivated vessel), which is deliberately sunk using multiple weapon systems. A
sinking exercise is typically conducted by aircraft, surface vessels, and submarines in
order to take advantage of the ability to fire high-explosive ordnance on a full-size ship
target.
The target is typically a decommissioned ship made environmentally safe for sinking
according to U.S. Environmental Protection Agency standards. The location is greater
than 50 nautical miles (nm) from shore and in water depths greater than 6,000 ft..
Vessel, aircraft, and submarine crews attack with coordinated tactics and deliver live
high explosive ordnance to sink the target. Non-explosive practice munitions may be
used during the initial stages to extend target life. Typically, the exercise lasts for
4–8 hours and possibly over 1–2 days; however, it is unpredictable, and ultimately ends
when the ship sinks.

Information Typical to the
Event

Platform: Vessels, Aircraft, Submarines
Systems: None
Ordnance/Munitions: Potentially all available
(explosive and non-explosive)
Targets: Decommissioned ship made
environmentally safe for sinking (according to
U.S. Environmental Protection Agency
standards)
Duration: 4–8 hours, possibly over 1–2 days
(unpredictable and ultimately ends when the
ship sinks)

Potential Impact Concerns
(Information regarding
deconstruct categories
and stressors)

Acoustic: Underwater explosions (e.g., E5, E8, E11, E12), vessel noise, aircraft noise,
weapons firing noise, heavyweight torpedo (e.g., TORP2)
Energy: None
Physical Disturbance and Strike: Military expended materials strike (non-explosive
projectiles, projectile fragments), vessel strike, aircraft strike (seabirds only)
Entanglement: Guidance wires
Ingestion: Military expended materials (munitions fragments, small caliber projectiles,
casings)

Detailed Military Expended
Materials Information

Munitions fragments, Non-explosive ordnance, Guidance wires, Munitions fragments,
Casings
Ship hulk (decommissioned ship made environmentally safe for sinking according to
U.S. Environmental Protection Agency standards)
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Activity Name

OCTOBER 2015

Activity Description

Anti-Surface Warfare
Greater than 50 nm from shore and in water depths greater than 6,000 ft.
The participants and assets could include:

Assumptions Used for
Analysis



1 full-size target ship hulk



1–5 cruiser, destroyer, or frigate ships



1–10 F/A-18, or maritime patrol aircraft



1 or 2 HH-60H, MH-60R/S, or SH-60B helicopters



1 E-2 aircraft for Command and Control



1 submarine



1–3 range clearance aircraft



2–4 Harpoon surface-to-surface or air-to-surface missiles



2–8 air-to-surface Maverick missiles



2–16 MK-82 general purpose bombs



2–4 Hellfire air-to-surface missiles



1 or 2 SLAM-ER air-to-surface missiles



50–500 rounds 5-inch and 76-millimeter (mm) gun



1 to 2 MK-48 heavyweight submarine-launched torpedo



2–10,000 rounds .50 caliber and 7.62 mm



Assume 2 guidance wires expended per event
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Tracking Exercise – Submarine

Activity Name

Activity Description

Anti-Submarine Warfare
Tracking Exercise –
Submarine

Short Description:
Submarine crews search for, track, and detect submarines.

Long Description

The anti-submarine warfare tracking exercise-submarine involves a submarine employing
hull mounted and/or towed array sonar against an anti-submarine warfare target such as a
MK-39 Expendable Mobile Anti-Submarine Warfare Training Target, a MK-30, or another
submarine. During this event, passive sonar is used almost exclusively; active sonar use is
restricted because it would reveal the tracking submarine’s presence to the target
submarine. The preferred type of range for this exercise is an instrumented underwater
training range with the capability to track the locations of submarines and targets, to
enhance the after-action learning component of the training. This exercise may involve a
single submarine, or be undertaken in the context of a coordinated larger exercise involving
multiple aircraft, ships, and submarines, including a major range event.

Information Typical to
the Event

Platform: Submarines
Systems: Mid-frequency (primarily passive) and
high-frequency sonar
Ordnance/Munitions: None
Targets: Submarine MK-30, MK-39 Expendable
Mobile Anti-Submarine Warfare Training Target
Duration: 8 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Submarine high-frequency navigation and mine hunting sonar (e.g., HF1),
Portable Underwater Tracking Range (e.g., HF6 and P2), submarine sonar (BQQ-10) (e.g.,
MF3), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

Expendable Mobile Anti-Submarine Warfare Training Target (MK-39); MK-30 targets are
recovered

Assumptions Used for
Analysis

Each activity includes vessel noise stressor
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Tracking Exercise – Surface

Activity Name

Activity Description

Anti-Submarine Warfare
Tracking Exercise –
Surface

Short Description:
Surface vessel crews search for, track, and detect submarines.

Long Description

Surface ships search, detect, and track threat submarines to determine a firing position to
launch a simulated torpedo and attack the submarine.
A surface vessel operates at slow speeds while employing hull mounted and/or towed array
sonar. Passive or active sonar is employed depending on the type of threat submarine, the
tactical situation, and environmental conditions. The target for this exercise is a MK-39
Expendable Mobile Anti-Submarine Warfare Training Target, MK-30 Recoverable Training
Target, or a submarine.
Tracking exercise – surface could occur anywhere throughout the Offshore Area. This
exercise may involve a single ship.
The preferred range for this exercise is an instrumented underwater range, but it may be
conducted in any part of the Pacific Northwest Surface/Subsurface Operations Area
depending on training requirements and available assets.

Information Typical to
the Event

Platform: Surface vessels
Systems: Mid-frequency sonar, Nixie
(countermeasure system)
Ordnance/Munitions: None
Targets: Submarine MK-30 or MK-39
Expendable Mobile Anti-Submarine Warfare
Training Target
Duration: 2–4 hours

Potential Impact
Concerns
(Information regarding
deconstruct categories
and stressors)

Acoustic: SLQ-25A Nixie, Portable Undersea Tracking Range (e.g., HF6, P2), surface ship
sonar (SQS-53C) (e.g., MF1), mid-frequency projector (e.g., MF11), surface ship sonar
(SQS-56) (e.g., MF2), vessel noise
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strike; military expended
materials strike
Entanglement: None
Ingestion: Military expended materials (torpedo accessories, target fragments)

Detailed Military
Expended Materials
Information

MK-39 Expendable Mobile Anti-Submarine Warfare Training Target
One Expendable Mobile Anti-Submarine Warfare Training Target (MK-39); MK-30 are
recovered

Assumptions Used for
Analysis

Tracking exercise can occur in all locations in the Pacific Northwest Surface/Subsurface
Operations Area. Submarines may provide service as the target.
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Tracking Exercise – Helicopter

Activity Name

Activity Description

Anti-Submarine Warfare (ASW)
Tracking Exercise –
Helicopter

Long Description

Information Typical to
the Event

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Short Description:
Helicopter crews search for, track, and detect submarines.
This exercise involves helicopters using sonobuoys and dipping sonar to search for, detect,
classify, localize, and track a simulated threat submarine with the goal of determining a
firing solution that could be used to launch a simulated torpedo and destroy the submarine.
Sonobuoys are typically employed by a helicopter operating at altitudes below 3,000 ft.
(914 meters [m]). Sonobuoys are deployed in specific patterns based on the expected threat
submarine and specific water conditions. These patterns will cover many different size
areas, depending on these two factors. Both passive and active sonobuoys are employed.
For certain sonobuoys, tactical parameters of use may be classified.
The dipping sonar is employed from an altitude of about 50 ft. (15 m) after the search area
has been narrowed based on the sonobuoy search. Both passive and active sonar are
employed. As the location of the submarine is further narrowed, a Magnetic Anomaly
Detector may be used by the MH-60R to further confirm and localize the target's location.
The anti-submarine warfare target used for this exercise may be a MK-39 Expendable
Mobile Anti-Submarine Warfare Training Target, a MK-30 target, or a submarine and may
be either non-evading and assigned to a specified track, or fully evasive depending on the
state of training of the helicopter. This exercise may involve a single aircraft.
The preferred range for this exercise is an instrumented underwater range, but it may be
conducted in any part of the Pacific Northwest Surface/Subsurface Operations Area
depending on training requirements and available assets.
Platform: One or more helicopters, other
aircraft, one or more surface ships
Systems: Mid-frequency helicopter dipping
sonar, sonobuoys
Ordnance/Munitions: None
Targets: MK-30, MK-39, submarine
Duration: 1–2 hours

Location:
Offshore Area

Acoustic: Helicopter dipping sonar (AQS-22) (e.g., MF4), Active sonobuoy (SSQ-62
DICASS) (e.g., MF5), aircraft noise, vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: helicopter strike (birds), MK-30 strike, military expended
materials bottom disturbance, vessel and in-water device strikes
Entanglement: parachutes/decelerators
Ingestion: Military expended materials (parachutes/decelerators)

Detailed Military
Expended Materials
Information

MK-39 Expendable Mobile Anti-Submarine Warfare Training Target
Expended sonobuoys with decelerator/parachutes

Assumptions Used for
Analysis

None
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Tracking Exercise – Maritime Patrol Aircraft

Activity Name

Activity Description

Anti-Submarine Warfare
Tracking Exercise –
Maritime Patrol
Aircraft

Short Description:
Maritime patrol aircraft crews search for, detect, and track submarines.

Long Description

This exercise involves fixed-wing maritime patrol aircraft employing sonobuoys to search
for, detect, classify, localize, and track a simulated threat submarine with the goal of
determining a firing solution that could be used to launch a simulated torpedo and destroy
the submarine.
Sonobuoys are typically employed by a maritime patrol aircraft operating at altitudes below
3,000 ft. (914 meters); however, sonobuoys may be released at higher altitudes. Sonobuoys
are deployed in specific patterns based on the expected threat submarine and specific
water conditions. Depending on these two factors, these patterns will cover many different
size areas. Both passive and active sonobuoys are employed. For certain sonobuoys,
tactical parameters of use may be classified. The anti-submarine warfare target used for this
exercise may be a MK-39 Expendable Mobile Anti-Submarine Warfare Training Target, a
MK-30 target, or a submarine. This exercise may involve a single aircraft.
The preferred range for this exercise is an instrumented underwater range, but it may be
conducted in any part of the Pacific Northwest Surface/Subsurface Operations Area
depending on training requirements and available assets.

Information Typical to
the Event

Platform: Maritime Patrol Aircraft (e.g., P-3C
Orion or P-8A Poseidon), manned or unmanned
fixed-wing aircraft
Systems: Sonobuoys
Ordnance/Munitions: None
Targets: MK-39 Expendable Mobile
Anti-Submarine Warfare Training Target, a
MK-30 recoverable target, or a live submarine
Duration: 2–8 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Active sonobuoy (e.g., SSQ-62 DICASS) (e.g., MF5), vessel noise, aircraft noise
Energy: Radar in periscope detection mode
Physical Disturbance and Strike: Aircraft strike (seabirds only), vessel and in-water
device strike, Military expended materials strike
Entanglement: Decelerator/parachutes
Ingestion: Military expended materials (decelerator/parachutes)

Detailed Military
Expended Materials
Information

One Expendable Mobile Anti-Submarine Warfare Training Target (MK-39); MK-30 are
recovered
Expended sonobuoys with decelerator/parachutes

Assumptions Used for
Analysis

Tracking exercise can occur in all locations of the Pacific Northwest Surface/Subsurface
Operations Area.
Submarine may provide service as the target.
If target is air-dropped, one parachute per target
Altitudes are below 3,000 ft.; can be 400 ft. or lower.
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Tracking Exercise – Maritime Patrol Aircraft (Extended Echo Ranging Sonobuoys)

Activity Name

Activity Description

Anti-Submarine Warfare
Tracking Exercise –
Maritime Patrol
(Extended Echo
Ranging
Sonobuoys)

Short Description:
Maritime patrol aircraft crews search, detect and track submarines using extended echo
ranging and multistatic active coherent sonobuoys.

Long Description

This exercise involves fixed-wing maritime patrol aircraft employing Improved Extended
Echo Ranging and Multistatic Active Coherent sonobuoy systems to search for, detect,
classify, localize, and track a simulated threat submarine with the goal of determining a
firing solution that could be used to launch a simulated torpedo and destroy the submarine.
The Improved Extended Echo Ranging events use the SSQ-110A sonobuoy as an impulse
source, while the Multistatic Active Coherent events utilize the SSQ-125 sonobuoy as a
tonal source. Each exercise would include the use of approximately 10 SSQ-110A or
SSQ-125 sonobuoys. The anti-submarine warfare target used for this exercise may be a
MK-39 Expendable Mobile Anti-Submarine Warfare Training Target, a MK-30 target, or a
submarine. This exercise may involve single or multiple aircraft.

Information Typical to
the Event

Platform: Maritime Patrol Aircraft
Systems: Improved Extended Echo Ranging
and multistatic active coherent sonobuoy
systems
Ordnance/Munitions: None
Targets: MK-39 Expendable Mobile
Anti-Submarine Warfare Training Target, a
MK-30 recoverable target, or a submarine
Duration: 2–8 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: SSQ-125 Multistatic Acoustic Coherent (e.g., ASW2), underwater explosions,
aircraft noise
Energy: None
Physical Disturbance and Strike: Aircraft strike (seabirds only), military expended
materials strike
Entanglement: Decelerator/parachutes
Ingestion: Military expended materials (decelerator/parachutes)

Detailed Military
Expended Materials
Information

One Expendable Mobile Anti-Submarine Warfare Training Target (MK-39); MK-30 are
recovered
Expended sonobuoys with decelerator/parachutes

Assumptions Used for
Analysis

If target is air-dropped, one parachute per target
Altitudes for this activity can be as low as 400 ft.
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A.1.4 ELECTRONIC WARFARE TRAINING
Electronic warfare is the mission area of naval warfare that aims to control use of the electromagnetic
spectrum and to deny its use by an adversary. Typical electronic warfare activities include threat
avoidance training, signals analysis for intelligence purposes, and use of airborne and surface electronic
jamming devices to defeat tracking systems.
A.1.4.1

Electronic Warfare Operations

Activity Name

Activity Description

Electronic Warfare
Short Description:
Electronic Warfare
Operations

Aircraft, surface vessel, and submarine personnel attempt to deny the enemy the ability to
control the electromagnetic spectrum, which in turn degrades or denies the enemy the
ability to take offensive or defensive actions.

Long Description

Aircraft, surface ship, and submarine personnel attempt to control critical portions of the
electromagnetic spectrum used by enemy systems to degrade or deny the enemy’s ability to
defend its forces from attack or recognize an emerging threat early enough to take
defensive actions. Electronic Warfare Operations can be active or passive, offensive or
defensive. Fixed-wing aircraft employ active jamming and deception against enemy search
radars to mask the friendly inbound strike aircraft mission. Aircraft, surface vessels and
submarines detect and evaluate enemy electronic signals from enemy aircraft or missile
radars, evaluate courses of action concerning the use of passive or active
countermeasures, then use vessel maneuvers and either chaff, flares, active electronic
countermeasures, or a combination of them to defeat the threat.

Information Typical to
the Event

Platform: Fixed and rotary wing aircraft, surface
combatant vessels, and submarines
Systems: None
Ordnance/Munitions: None
Targets: Land based fixed/mobile threat
emitters
Duration: 1–2 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Vessel noise, aircraft noise
Energy: Electromagnetic energy
Physical Disturbance and Strike: Vessel strike, aircraft strike (seabirds only)
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

Chaff and Flares

Assumptions Used for
Analysis

All chaff and flares involved in this event are covered under Chaff exercise and Flare
exercises, respectively
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A.1.5 MINE WARFARE TRAINING
Mine warfare training is the naval warfare area involving the detection, avoidance, and neutralization of
mines to protect Navy ships and submarines, and offensive mine laying in naval operations. Mine
warfare training includes mine detection and neutralization exercises.
A.1.5.1

Mine Neutralization – Explosive Ordnance Disposal

Activity Name

Activity Description

Mine Warfare
Mine Neutralization
– Explosive
Ordnance Disposal

Short Description:
Personnel disable threat mines. Explosive charges are used.

Long Description

Navy divers, typically explosive ordnance disposal personnel, disable threat mines with
explosive charges to create a safe channel for friendly vessels to transit.
Personnel detect, identify, evaluate, and neutralize mines in the water with an explosive
device and may involve detonation of one or more explosive charges from 15 gram
explosive charge (Shock Wave Action Generator) to 2.5 pounds of trinitrotoluene (TNT)
equivalent. These operations are normally conducted during daylight hours for safety
reasons.

Information Typical to
the Event

Platform: Rotary wing aircraft, Small boats
Systems: None
Ordnance/Munitions: Underwater detonation
charges
Targets: Mine shapes
Duration: Up to 4 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Under water explosions (e.g., E3), aircraft noise, vessel noise
Energy: None
Physical Disturbance and Strike: Seafloor, , vessel and in-water device strikes, military
expended materials
Entanglement: None
Ingestion: Military expended materials (target fragments)

Detailed Military
Expended Materials
Information

Target fragments

Assumptions Used for
Analysis

Charge placed anywhere in water column, including bottom
Mine shapes will be recovered
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Submarine Mine Exercise

Activity Name

Activity Description

Mine Warfare
Submarine Mine
Exercise

Short Description:
Submarine crews practice detecting mines in a designated area.

Long Description

Submarine crews use active sonar to detect and avoid mines or other underwater
hazardous objects, while navigating restricted areas or channels, such as while entering or
leaving port. This event trains submarine crews to detect and avoid mines. Training utilizes
simulated minefields constructed of moored or bottom mine shapes, or instrumented mines
that can record effectiveness of mine detection efforts.
In a typical training exercise, submarine crews will use submarine high-frequency active
sonar to locate and avoid the mine shapes. Each mine avoidance exercise involves one
submarine operating submarine high-frequency active sonar for 6 hours to navigate through
the training minefield. During mine warfare exercises submarines will expend several
submarine launched expendable bathythermographs to determine water conditions affecting
sonar performance.

Information Typical to
the Event

Platform: Submarine
Systems: Submarine high-frequency active
sonar
Ordnance/Munitions: None
Targets: Mine shapes
Duration: 6 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Submarine high-frequency navigation and mine hunting sonar (e.g., HF1)
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strikes; seafloor device
strike (bottom placed mine shapes), military expended materials
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

Bathythermograph buoys

Assumptions Used for
Analysis

Assume three bathythermograph buoys per event
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Maritime Homeland Defense/Security Mine Countermeasures Integrated Exercise

Activity Name

Activity Description

Mine Warfare
Maritime Homeland
Defense/Security Mine
Countermeasures
Integrated Exercise

Short Description:
Maritime homeland defense/security mine countermeasures are naval mine warfare
activities conducted at various ports and harbors, in support of maritime homeland
defense/security.

Long Description

Naval forces provide Mine Warfare capabilities to Department of Homeland Security led
event. The three pillars of Mine Warfare, Airborne (helicopter), Surface (ships and
unmanned vehicles), and Undersea (divers and unmanned vehicles) mine
countermeasures will be brought to bear in order to ensure strategic U.S. ports remain
free of mine threats. Various Mine Warfare sensors, which utilize active acoustics, will be
employed in the detection, classification, and neutralization of mines. Along with
traditional Mine Warfare techniques, such as helicopter towed mine countermeasures,
new technologies (unmanned vehicles) will be utilized.
Event locations and scenarios will vary according to Department of Homeland Security
strategic goals and evolving world events.

Information Typical to
the Event

Platform: Surface combatant vessels, Small
boats, Rotary wing aircraft
Systems: Unmanned underwater and surface
vehicles, various mine detection sensors
(AN/AQS-20, AN/AQS-24)
Ordnance/Munitions: Shock Wave Action
Generator
Targets: Temporary mine shapes
Duration: Multiple days

Potential Impact
Concerns
(Information regarding
deconstruct categories
and stressors)

Acoustic: Vessel noise; aircraft noise (e.g., AN/SQQ 32, Unmanned underwater vehicle,
MK 18 Swordfish, AN/PQS 2A, Marine Mammal Systems bottlenose dolphin bio-sonar),
high-frequency mine hunting sonar (e.g., HF4),
Energy: Magnetic influence mine sweeping
Physical Disturbance and Strike: Vessel and in-water device strikes; seafloor device
strike (bottom placed mine shapes); aircraft strike (seabirds only)
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

Non-permanent mine shapes will be laid in various places on the bottom of Puget Sound.
Shapes are varied, from about 1 meter (m) circular to about 2.5 m long by 1 m wide.
They will be recovered using normal assets, with diver involvement.
Programmatic analysis for acoustic effects only.
For Air Quality, assumed 24 hours of helicopter, 24 hours of small boat, and 24 hours of
surface combatant (destroyer) Operation.
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A.1.6 NAVAL SPECIAL WARFARE TRAINING
Naval special warfare and other Navy forces train to conduct military operations in five Special
Operations mission areas: unconventional warfare, direct action, special reconnaissance, foreign
internal defense, and counterterrorism. Naval special warfare training involves specialized tactics,
techniques, and procedures, employed in training events that include: insertion/extraction operations
using parachutes rubber boats, or helicopters; boat-to-shore and boat-to-boat gunnery; underwater
demolition training; reconnaissance; and small arms training.
A.1.6.1

Personnel Insertion/Extraction – Submersible

Activity Name

Activity Description

Naval Special Warfare
Personnel
Insertion/Extraction
– Submersible

Long Description

Short Description:
Military personnel train for clandestine insertion and extraction into target areas using
submersibles.
Military personnel train for clandestine insertion and extraction into target areas using
submersibles. Often, an undersea delivery vehicle, similar to a “mini-sub,” may be used to
transfer the personnel to their objective near shore.
These operations will vary in length depending on the transportation method and systems
being used.
Training may include navigation runs in Puget Sound that may be conducted in coordination
with other training activities.

Information Typical to
the Event

Platform: Sea, Air, Land Delivery Vehicle
Systems: None
Ordnance/Munitions: None
Targets: None
Duration: 2–8 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: None
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strikes
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None
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Personnel Insertion/Extraction – Non-Submersible

Activity Name

Activity Description

Naval Special Warfare
Personnel
Insertion/Extraction
– Non-Submersible

Short Description:
Military personnel train for clandestine insertion and extraction into target areas using rotary
wing aircraft, fixed-wing aircraft (insertion only), or small boats.

Long Description

Personnel train to approach or depart an objective area using various transportation
methods and tactics. These operations train forces to insert and extract personnel and
equipment day or night. Tactics and techniques employed include insertion from aircraft by
parachute, by rope, or from low, slow-flying helicopters from which personnel jump into the
water. Parachute training is required to be conducted on surveyed drop zones to enhance
safety. Insertion and extraction methods also employ small inflatable boats.

Information Typical to
the Event

Platform: Fixed and rotary wing aircraft
Systems: None
Ordnance/Munitions: None
Targets: None
Duration: 2–8 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Aircraft noise
Energy: None
Physical Disturbance and Strike: Aircraft and vessel strikes
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None
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A.1.7 OTHER TRAINING
A.1.7.1

Maritime Security Operations

Activity Name

Activity Description

Other Training
Short Description:
Maritime Security
Operations

Surface ship and small boat crews conduct a suite of Maritime Security Operations (MSO)
events, including maritime security escorts for Navy vessels such as submarines and
aircraft carriers; Visit, Board, Search, and Seizure; Maritime Interdiction Operations; Force
Protection; and Anti-Piracy Operations.

Long Description

Maritime security operations in the Northwest Training and Testing (NWTT) study area are
predominantly maritime security escort events, including the Transit Protection System
(TPS) and training of other escort units.
The TPS includes up to 9 security vessels that protect SSBNs while moving within Puget
Sound and the Strait of Juan de Fuca. U.S. Coast Guard (USCG) personnel and their
ancillary equipment and weapons systems are involved in these events. Generally, the
escorts establish a moving 1000-yard perimeter (security zone) around the vessel to
prevent non-participants from entering that security zone. Non-participant vessels might be
ordered to move. Every two years, a training event occurs which involves up to 16 vessels,
transiting from Hood Canal to Admiralty Inlet. During this biennial event, boat crews train to
engage surface targets by firing small-caliber (blank) weapons.
Similar maritime security escort training occurs with Coastal Riverine Group (CRG) boats
that conduct force protection for designated vessels and movements. These CRG boat
crews train to protect ships while entering and leaving ports. Other missions include
ensuring compliance with vessel security zones for ships in port and at anchor, conducting
patrols to counter waterborne threats, and conducting harbor approach defense.
The vessels used by TPS and CRG include: small unit riverine craft, combat rubber raiding
craft, rigid-hull inflatable boats, patrol craft, reaction vessels, blocking vessels and many
other versions of these types of boats. These boats use inboard or outboard, diesel or
gasoline engines with either propeller or water jet propulsion. Boat crews may use high or
low speeds to approach and engage targets simulating other boats, swimmers, floating
mines, or nearshore land targets with small-caliber (blank) weapons.

Information Typical to
the Event

Platform: Small boats (16–73 ft.), reaction
vessels (87 ft.), blocking vessels (250 ft.), and
patrol boats (34 to 85 ft.)
Systems: None
Ordnance/Munitions: Small-caliber side arms,
7.62 Caliber, 50 Caliber, and 25 millimeter
weapons (all blanks).
Targets: High-performance small boats,
recoverable or expendable floating target
Duration: For TPS, averaging 10 hours, up to
approximately 12–18 hours; 2 hours for other
MSO activities

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Airborne noise from small arms fire, in-water vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike, in-water device strike, military expended
material strike (casings)
Entanglement: None
Ingestion: Military expended materials (casings)

Detailed Military
Expended Material
Information

None
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Maritime security operations is a broad term used to describe activities used to train naval
forces in the skills necessary to protect naval vessels during transit and from small boat
attack, perform counter piracy and drug operations (maritime interdiction operations and
visit, board, search, and seizure), and protect key infrastructure. As a category, maritime
security operations broadly covers training events naval forces need to be able to tailor to
respond to emergent threats. Maritime security events conducted in inland waters do not
involve live fire of weapons. All maritime security events involve vessel movement,
sometimes at speeds necessary to overtake suspect vessel and/or small boats (targets).
Maritime security training events, particularly maritime security escorts, are conducted
proximate to NAVBASEs Kitsap Bangor, Bremerton, and Everett, and within the Hood
Canal, Dabob Bay, Puget Sound, and Strait of Juan de Fuca. Other maritime security
operations events could occur in the Offshore Area.
Maritime Security Escort (SSBN Transit Protection): The Transit Protection System
utilizes a mixture of 16 security vessels, up to 9 of which can be utilized at any time for
escorting SSBNs transiting between the SSBN homeport of NAVBASE Bangor and the
dive/surface point in the Strait of Juan de Fuca or Dabob Bay.
Transit Protection vessels are equipped with conventional weapons systems to provide
protection during all SSBN transits. The Transit Protection System also utilizes USCG
personnel and their ancillary equipment and weapons systems.
TPS vessels include 16 escort security boats home ported at NAVBASE Kitsap Bangor,
consisting of 2 Blocking Vessels, 2 Reaction Vessels, and 12 Screening Vessels.
Specifics regarding how the escort activity would be performed, which boats would be used,
how and when they would be deployed, type of armament, number of personnel assigned to
each escort vessel, and specific capabilities of TPS are classified or fall under Department
of Defense Controlled Nuclear Information guidelines and, thus, are not included here.
Generally, the escorts would establish and maintain a moving perimeter security zone
perimeter around the SSBN to prevent other vessels and personnel from entering the
security zone. Depending on the type of vessel escort being conducted and other
conditions, the security zone could be from a 100-yard to a 1,000-yard radius around the
escorted vessel. Recreational and commercial vessels might be ordered to move.
While the number and timing of TPS events would vary, it is estimated they would occur
225 times per year; 100 annual events with 9 escort vessels and 125 events with 7 escort
vessels. Additionally there would be 1 biennial certification event with up to 16 vessels
transiting from Hood Canal to Admiralty Inlet, firing blank rounds. To the extent practicable,
all use of blank ammunition would be near the center of the waterway and no closer than
500 yards to the shoreline.
The TPS escorts help deter a terrorist threat to an SSBN, minimize the possibility of an
accidental collision between recreational or commercial vessels and an SSBN, and fulfill
mandated security directives and policies.
USCG crews on all TPS vessels would employ standard marine mammal strike avoidance
protocols.
All shell casings associated with use of blank ammunition shall be captured, to the greatest
extent feasible, using either cofferdams around guns, capture bins, or capture on the deck
of vessels.
Radio broadcasts to mariners will be conducted during exercises to ensure the public is
aware and clear of the area.
Maritime Security Escort (Coastal Riverine Group): Naval Coastal Riverine Units train to
provide escort and force protection security to naval vessels.
These training events will be conducted within inland waterways in and around Naval
Homeports such as Naval Base Kitsap Bangor, Naval Base Kitsap Bremerton, and Naval
Station Everett, and within the Hood Canal, Dabob Bay, Puget Sound, and Strait of Juan de
Fuca WA.
These training events would occur approximately 60 times per year, approximately 60–70%
originating proximate to Bangor, 20–30% proximate to Bremerton, and the remainder (less
than 10%) proximate to Everett. The average total transit distance associated with maritime
security escort training events (Other) can vary between 50 and 180 nautical miles.
Maritime Security Escort (Other) is supported with 6 total vessels (i.e., 34' Sea Ark Patrol
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Craft and 85' Mk VI Riverine Craft), of which 2–4 vessels would be used for a single escort
mission.
Naval Coastal Riverine Forces would also conduct certification maritime security escort
training events once every 6–9 months. These certification events would include 8–10 days
underway, operating in common escort areas (with 1–2 days of no-fire events/7 days of
blank fire events in the vicinity of Whidbey Island). The typical training day would consist of
two shifts, approximately 5 hours each. Nighttime training is not anticipated. Certification
training would utilize up to 5 boats (3 as escorts, 1 simulating a Navy vessel to be protected,
and 1 simulating Opposition Force [OPFOR]). The underway drills will focus on maritime
security escorts, navigation, and basic seamanship evolutions to include mooring, towing,
and anchoring. Some evolutions may require speed surges/short-term acceleration for
proper force protection stationing. Training in weapons handling, firing of blank ammunition,
and the use of pyrotechnics and non-lethal deterrents will also be conducted.
Routine Proficiency Training would occur 1–2 days a week, where the skills discussed
above would be practiced as operational schedules allow to maintain readiness.
Special consideration will be given with regard to the presence of marine mammals during
training events. Training will be paused until marine mammals have cleared the area, or the
training area will be temporarily relocated. Expended Brass: Efforts will be made by crews to
collect all expended brass captured on the deck; however, brass ejection may result in loss
over the side. Use of Pyrotechnics limited to flash, flare, and sound devices, may be utilized
for escalation of force training and/or execution in accordance with NTTP 3-20.6.29M
governing tactical boat operations. Noise Levels: Loud hailers will be used for hailing
contacts if no radio communication can be established. Use of sirens in support of mission
or training will be minimized and period of use limited to late-morning through early evening.
Water Depth: Patrol boats will not typically be operating in shoal water. Unless in an
emergency and during launch and recovery, patrol boats will only operate in waters in which
the charted depth is greater than 6 ft. Speed: Patrol boats are not expected to exceed
15 knots unless involved in a drill that requires them to quickly move from one zone to
another to provide force protection. Anchoring: Crews will study the charts and Coast Guard
notices to evaluate the bottom type and find an area to anchor that will not impact any type
of marine life or plants. Refueling Operations: When refueling, pier side or on a trailer, crews
will use the required checklist to refuel and will have the spill kit ready in case of any spills.
When refueling an absorbing pad will be on the fuel tank inlet as well as the vent.
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Precision Anchoring

Activity Name

Activity Description

Other Training
Precision Anchoring

Short Description:
Releasing of anchors in designated locations.

Long Description

Vessels navigate to a pre-planned position and deploy the anchor. The vessel uses all
means available to determine its position when anchor is dropped to demonstrate
calculating and plotting the anchor's position within 100 yards of center of planned
anchorage.

Information Typical to
the Event

Platform: All surface vessels
Systems: None
Ordnance/Munitions: None
Targets: None
Duration: Up to 1 hour

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike, seafloor device strike (anchor)
Entanglement: None
Ingestion: None

Detailed Military
Expended Material
Information

None

Assumptions Used for
Analysis

None

Location:
Inland Waters (Naval Station Everett
anchorage area, Indian Island
anchorage area)

Figure A-1: Precision Anchoring Locations in Puget Sound
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Small Boat Attack

Activity Name

Activity Description

Other
Short Description:
Small Boat Attack

Small boat crews engage pierside surface targets with small-caliber weapons. Only blank
rounds are fired.

Long Description

A single activity consists of multiple days of training. For analysis in this EIS, a 3-day
scenario is assumed. On the first day, blanks will be fired from a small-caliber machine gun,
mounted on a high-speed boat used by Navy security forces. The second day will consist of
test firing multiple crew-serve and hand-held small-caliber weapons, all with blank
ammunition. Some rounds will be fired from both the high-speed boat and from a Navy
surface ship moored at a Navy pier. The third day will be the full training exercise. This
consists of a high-speed attack vessel running directly at the Navy pier where the simulated
target surface ship is moored.
Duration of firing will be approximately 2 hours with a total of 1,000 rounds fired the first day,
and a duration of 1.5 hours with a total of 1,000 rounds fired the second day. The final day
will have a duration of approximately 30 minutes, with 1,000 rounds fired. Typical firing
patterns are 3–30 round bursts, assess target, and then fire again. Multiple crew members
will be given a chance to fire the weapons.

Information Typical to
the Event

Platform: Small boats or watercraft
Systems:
Ordnance/Munitions: Small-caliber
(non-explosive)
Targets: High-performance small boats
Duration: Varies

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Airborne noise from small arms fire, vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike, military expended material strike (casings)
Entanglement: None
Ingestion: Military expended materials (casings)

Detailed Military
Expended Material
Information

Casings

Assumptions Used for
Analysis

At locations where a security barrier is present, and sea lions may be hauled out on the
barrier, the security barrier will be pulled fully open to remove haul out opportunities. During
Day 1 training, all firing will occur at least 250 ft. away from the security barrier.
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Intelligence, Surveillance, Reconnaissance

Activity Name

Activity Description

Other Training Exercises
Intelligence,
Surveillance,
Reconnaissance
(ISR)

Short Description:
Maritime patrol aircraft (MPA) use all available sensors to collect data on threat vessels.

Long Description

MPA use all available sensors to collect data on threat vessels. Passive sonobuoys are
used to collect and analyze acoustic data, and photographic equipment is used to
document the vessel with visual information.

Information Typical to
the Event

Platform: P-3, EP-3, P-8, EA-18G
Systems: Fixed-wing aircraft
Ordnance/Munitions: None
Targets: Targets of Opportunity
Duration: 2–8 hours

Potential Impact
Concerns
(Information
regarding deconstruct
categories and
stressors)

Acoustic: Aircraft noise
Energy: None
Physical Disturbance and Strike: Aircraft strike (birds only)
Entanglement: Decelerator/parachutes
Ingestion: Decelerator/parachutes

Detailed Military
Expended Materials
Information

None

Assumptions Used
for Analysis

ISR training is conducted by MPA in Warning Area 237 and the Pacific Northwest
Operating Area. Activities typically last 6 hours. P-3 aircrews use a variety of intelligence
gathering and surveillance methods, including visual, infrared, electronic, radar, and
acoustic. EP-3 and EA-18G crews conduct ISR training as well, but to a lesser extent
than P-3C crews. P-8 aircraft are the P-3 replacement MPA.
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Search and Rescue

Activity Name

Activity Description

Other Training Exercises
Search and Rescue

Short Description:
Helicopter crews rescue military personnel at sea.

Long Description

Helicopter crews rescue military personnel at sea.
Helicopters fly below 3,000 ft. and locate personnel to be rescued. Flares are expended
during training.

Information Typical to
the Event

Platform: Helicopters (H-60); small boats
Systems: None
Ordnance/Munitions: Flares
Targets: None
Duration: 2–3 hours

Potential Impact
Concerns
(Information
regarding deconstruct
categories and
stressors)

Acoustic: Vessel noise, aircraft noise
Energy: None
Physical Disturbance and Strike: Vessel strike, aircraft strike (birds only)
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

Expended flares

Assumptions Used
for Analysis

This activity involves a helicopter landing and simulated extraction of a survivor (typically
one of the helicopter crewmembers). The search and rescue helicopter, an H-60,
approaches the survivor, hovers, recovers the survivor, and then departs the area with
the survivor onboard.
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Surface Ship Sonar Maintenance

Activity Name

Activity Description

Other
Surface Ship Sonar
Maintenance

Short Description:
Pierside and at-sea maintenance of sonar systems.

Long Description

This scenario consists of surface combatant vessels performing periodic maintenance to the
AN/SQS-53 or AN/SQS-56 sonar while in port or at sea. This maintenance takes up to
4 hours. Surface vessels operate active sonar systems for maintenance while pierside
however, sonar maintenance will occur pierside or at-sea in the open ocean.

Information Typical to
the Event

Platform: Surface combatant vessels
Systems: Hull mounted sonar systems
(AN/SQS-53 or AN/SQS-56)
Ordnance/Munitions: None
Targets: None
Duration: Up to 4 hours

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Surface ship sonar (SQS-53C, SQS-56) (e.g., MF1, MF2), Vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None
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Submarine Sonar Maintenance

Activity Name

Activity Description

Other-Maintenance
Submarine Sonar
Maintenance

Short Description:
Pierside and at-sea maintenance of sonar systems.

Long Description

A submarine performs periodic maintenance on the mid-frequency and high-frequency
sonar systems while in port or at sea. Submarines conduct maintenance to their sonar
systems in shallow water near their homeport however, sonar maintenance could occur
anywhere as the system‘s performance may warrant

Information Typical to
the Event

Platform: Submarines
Systems: Mid- and high-frequency
submarine sonar system
Ordnance/Munitions: None
Targets: None
Duration: 45 minutes–1 hour

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Submarine sonar (e.g., MF3, HF1), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None
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A.2.1 TORPEDO TESTING
A.2.1.1

Torpedo Non-Explosive Testing
Activity Name

Activity Description

Torpedo Testing
Torpedo Non-Explosive
Testing

Short Description:
Test of a non-explosive torpedo against a target.

Long Description

Torpedoes are the primary undersea warfare weapons used by surface ships,
aircraft, and submarines. The guidance systems of these weapons may be
autonomous or controlled from the launch platform through a variety of “links” (e.g.,
electric, fiber optic, acoustic). The autonomous guidance systems use either
“passive” acoustics, detecting the sound energy emitted from the target, or “active”
acoustics, finding the target with sonar and using the received echoes for
guidance. Torpedoes tested in this activity contain no explosives.
Propulsion Systems include thermal, electrical, or chemical propulsions systems.
Thermal propulsion systems are powered by motors that use different types of
fuels (e.g., Otto Fuel II, rocket, diesel, jet fuels) that exhaust combustion products
into the water column; other closed cycle thermal propulsion systems produce only
heat emissions.
Electric propulsion systems are powered by closed cycle motors using batteries
(e.g., lithium thionyl, lithium ion, lead acid, silver zinc, and nickel hydride); only
heat emissions are produced.
Chemical propulsion systems are usually based on a lithium boiler that is a closed
cycle system; only heat energy is transferred into the environment.
The torpedo test vehicle is deployed by a support craft or other means. The vehicle
searches for its intended target, or runs a planned geometry. Each test, including
set up and retrieval may last several hours. The vehicle run time may be
10 minutes. Following the test, the vehicle is retrieved for post-test analysis. Most
targets are retrieved, while some may be expended. The objective is to retrieve all
vehicles, targets and related materials.

Information Typical to the Event

Platform: Support craft/other
Systems: Sonar, torpedoes, range tracking pingers,
AUV/ROV/UUVs, submersible, concepts and
prototypes (including experimental vehicles)
Ordnance/Munitions: Torpedoes (non-explosive)
Targets: EMATT, MK-30, submarine, or surface
combatant
Duration: Assume 8 hours for all torpedo tests

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Torpedo (e.g., TORP1, TORP2), Mid-frequency sonar (e.g., ASW3,
ASW4, MF5, MF10), vessel noise (support craft)
Energy: None
Physical Disturbance and Strike: Vessel strike, in-water device strike, military
expended materials
Entanglement: Torpedo guidance wire, flex hose
Ingestion: Military expended materials

Detailed Military Expended
Materials Information

Torpedo guidance wire, flex hose, aluminum doors, lead dropper weights, fiber
optic guidance wire, expendable targets, nose cap, release wire

Assumptions Used for Analysis

All torpedo vehicles will be recovered.
Support craft are on site and usually stationary during the test, running for
30 percent of the entire 8-hour scenario including transit.
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AUTONOMOUS AND NON-AUTONOMOUS VEHICLES
Unmanned Underwater Vehicle Testing
Activity Name

Activity Description

Autonomous and Non-Autonomous Vehicles
Unmanned Underwater
Vehicle (UUV) Testing

Short Description:
Unmanned underwater vehicles are autonomous or remotely operated vehicles
with a variety of different payloads used for various purposes.

Long Description

Autonomous underwater vehicle launch and retrieval methods are highly variable
because of the differences in autonomous vehicle technology involved and of the
variety of autonomous vehicle uses. Non-autonomous or remotely controlled
vehicles are also used and tested. These may be tethered like remotely operated
vehicles (ROVs) or remotely controlled vehicles that have radio links. Some
vehicles may be used to transport personnel (whether inside or outside the
vehicle). They may have both manual and autonomous control capabilities.
Many autonomous vehicles have multiple test objectives or payloads (such as
cameras and side-scan or multibeam sonar) onboard so that numerous tests can
be run during a single test activity. UUV sensors may be tested to ensure they can
detect, classify, and localize non-explosive mine shapes among rocky outcrops or
non-mine shapes. These sensors may also be associated with a vessel, or placed
before a single non-explosive mine shape or mine field is put in place. The mine
shapes themselves may be tested to ensure they deploy as required and fleet
operators may be trained in mine field placement.
Propulsion Systems include thermal, electrical, or chemical propulsions systems
as described above under A.2.1.1 (Torpedo Non-Explosive Testing). The UUV test
vehicle is lowered into or onto the water from a support craft or from a pier. The
vehicle will propel itself through the water or by crawling across the bottom to
complete the test objectives, which could include deployment or recovery of a
payload, sonar or other sensor use, or completion of a propulsion test.

Information Typical to the Event

Platform: Unmanned vehicles, support craft/other
Systems: Sonar, underwater communications
Ordnance/Munitions: none
Targets: Include but not limited to mobile, or Fleet
vessel
Duration: Assume 8 hours for all UUV tests, though
tests may continue for up to 40 hours, and
infrequently some may operate continuously for
multiple months

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Synthetic aperture sonar (e.g., SAS2), acoustic modems (e.g., M3),
vessel and simulated vessel noise
Energy: Electromagnetic and lasers
Physical Disturbance and Strike: In-water device strike, military expended
materials, seafloor devices
Entanglement: Torpedo guidance wire
Ingestion: Military expended materials

Detailed Military Expended
Materials Information

Torpedo guidance wire, flex hose, aluminum doors, lead dropper weights, fiber
optic guidance wire, expendable targets, nose cap, release wire

Assumptions Used for Analysis

All test systems will be recovered.
Support craft include two rigid-hull inflatable boats, running at 50 percent power for
the entire 8-hour scenario.

Scenarios covered

General and Experimental Test Vehicle, Low Frequency Broad Band Testing, UUV
Operations (various), Mine Detections Operations
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Unmanned Aircraft System
Activity Name

Activity Description

Autonomous and Non-Autonomous Vehicles
Short Description:
Unmanned Aircraft System

Unmanned aircraft systems (UASs) are remotely piloted or self-piloted (i.e.,
preprogrammed flight pattern) aircraft that include fixed-wing, rotary-wing, and
other vertical takeoff vehicles. They can carry cameras, sensors, communications
equipment, or other payloads.

Long Description

UASs are remotely piloted or self-piloted (i.e., preprogrammed flight pattern)
aircraft that include fixed-wing, rotary-wing, and other vertical takeoff vehicles.
They can carry cameras, sensors, communications equipment, or other payloads.
UASs can vary in size up to approximately 10 ft. (3 meters) in length, with gross
vehicle weights of a couple hundred pounds.
Propulsion types can range from traditional turbofans, turboprops, and piston
engine-driven propellers, to electric motor-driven propellers powered by
rechargeable batteries (lead-acid, nickel-cadmium, and lithium ion), photovoltaic
cells, and/or hydrogen fuel cells.
The UAS test vehicle is deployed by a support craft or other means from a ship or
from shore, flying within the test area in accordance with Federal Aviation
Administration (FAA) regulations over a duration of 2–8 hours. The UAS usually
flies at altitudes less than 3,000 ft. in accordance with FAA regulations.

Information Typical to the Event

Platform: Unmanned aerial vehicles
Systems: None
Ordnance/Munitions: None
Targets: None
Duration: 2–8 hours

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Aircraft noise, vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Aircraft strike, vessel and in-water device
strikes
Entanglement: None
Ingestion: None

Detailed Military Expended
Materials Information

None

Assumptions Used for Analysis

The UAS may spend 25 percent of its flight time above 3,000 ft. and 25 percent of
its time outside 3 nautical miles of the coastline.
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Unmanned Surface Vehicle Testing
Activity Name

Activity Description

Autonomous and Non-Autonomous Vehicles
Short Description:
Unmanned Surface Vehicle
Testing

Unmanned surface vehicles are primarily autonomous systems designed to
augment current and future platforms to help deter maritime threats. They employ
a variety of sensors designed to extend the reach of manned ships.

Long Description

Unmanned surface vehicles (USV) can include remotely operated craft (semisubmersible, plane hull, semi-plane hull, etc.) and test vehicles. During testing,
they can operate autonomously, semi-autonomously, or non-autonomously.
Non-autonomous or remotely controlled vehicles may be tethered like remotely
operated vehicles (ROVs) or remotely controlled via radio link.
USVs may have multiple test objectives and/or payloads (such as cameras and
sonar) onboard so that numerous tests can be executed during a single testing
activity. USVs may be used in conjunction with UUVs and UAVs to meet test
objectives.
USV launch and retrieval methods are highly variable because of the differences in
vehicle type and size. USV test vehicle launch methods include, lowering onto the
water from a support craft or pier, deploying from another craft, or launching from a
boat ramp. The vehicle will propel itself through the water to complete the test
objectives, which could include deployment and/or recovery of a payload, sonar or
other sensor use, or completion of a propulsion test.

Information Typical to the Event

Platform: Unmanned vehicles, support craft/other
Systems: Sonar, electronic surveillance, infrared
Ordnance/Munitions: none
Targets: Include but not limited to mobile, or Fleet
vessel
Duration: Assume 8 hours for all USV tests, though
tests may continue for up to 40 hours, and
infrequently some may operate continuously for
multiple months

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Synthetic aperture sonar (e.g., SAS2), acoustic modems (e.g., M3),
vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: In-water device strike, seafloor devices
Entanglement: None
Ingestion: None

Detailed Military Expended
Materials Information

None

Assumptions Used for Analysis

All test systems will be recovered.
Support craft include two rigid-hull inflatable boats, running at 50 percent power for
the entire 8-hour scenario.

Scenarios covered

General and Experimental Test Vehicle, Low Frequency Broad Band Testing, USV
Operations (various), Mine Detections Operations
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A.2.3 FLEET TRAINING/SUPPORT
A.2.3.1

Cold Water Training
Activity Name

Activity Description

Fleet Training/Support
Short Description:
Cold Water Training

Fleet training for divers in a cold water environment and other diver training related
to Navy divers supporting range operations.

Long Description

Fleet training for divers in a cold water environment and other diver training related
to Navy divers supporting range operations. Acoustic systems may be used in
diver training. These fleet activities in the Naval Sea Systems Command Naval
Undersea Warfare Center Division, Keyport Range Complex are non-acoustic and
do not include the use of submarine hull-mounted active sonar.

Information Typical to the Event

Platform: Support craft
Systems: None
Ordnance/Munitions: None
Targets: None
Duration: Assume 8 hours for all events, though they
may continue for up to 40 hours, and infrequently
some may operate intermittently for multiple
consecutive months

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Other acoustic devices, vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike
Entanglement: None
Ingestion: None

Detailed Military Expended
Materials Information

None

Assumptions Used for Analysis

Location:
Offshore Area
Inland Waters

If used, support craft may run for 100 percent of an 8-hour event.
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Post-Refit Sea Trial
Activity Name

Activity Description

Fleet Training/Support
Short Description:
Post-Refit Sea Trial

Following periodic maintenance periods or repairs, sea trials are conducted to
evaluate submarine propulsion, sonar systems, and other mechanical tests.

Long Description

Testing activities are conducted throughout the life of a Navy submarine to verify
performance and mission capabilities. Sea trials are conducted following periodic
maintenance or repairs. A typical test may include a submarine operating at full
power and subjected to high-speed runs, steering tests, and other mechanical
tests.

Information Typical to the Event

Platform: Submarine, support craft
Systems: All internal submarine systems
Ordnance/Munitions: None
Targets: None
Duration: Typically 8 hours

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Mid-frequency active sources (e.g., MF10), acoustic modems (e.g.,
M3), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strikes
Entanglement: None
Ingestion: None

Detailed Military Expended
Materials Information

None

Assumptions Used for Analysis

One submarine
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Anti-Submarine Warfare Testing
Activity Name

Activity Description

Fleet Training/Support
Anti-Submarine Warfare
(ASW) Testing

Short Description:
Ships and their supporting platforms (e.g., helicopters, unmanned aerial vehicles)
detect, localize, and prosecute submarines or other training targets.

Long Description

Fleet activities that occur within the Range Complex may involve the use of ships.
Such activities provide sailors the opportunity to train with actual Naval assets in a
controlled range environment. Surface ships are outfitted with navigation tracking
systems so that their location on the instrumented range can be very accurately
determined. A typical activity involves surface ships and the range use of active
acoustics to support navigation (tracking, depth sensors, etc.), detection,
classification, and localization of underwater targets (submarines or submarine
simulators) in a realistic environment.

Information Typical to the Event

Platform: Surface combatants, submarines
Systems: Active sonar, tracking, underwater
communications
Ordnance/Munitions: Sonobuoys
Targets: Include but not limited to stationary, mobile,
or Fleet vessel
Duration: Assume 16 hours for all events, though
they may continue for up to 48 hours, and
infrequently some may operate intermittently for
multiple consecutive weeks

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Mid-frequency sources (e.g., MF10), mid-frequency high duty-cycle
sources (e.g., MF11), vessel and simulated vessel noise, aircraft noise
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strikes, aircraft
strikes
Entanglement: Decelerator/parachutes
Ingestion: Military expended materials

Detailed Military Expended
Materials Information

Sonobuoys, EMATT

Assumptions Used for Analysis

None
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A.2.4 MAINTENANCE AND MISCELLANEOUS
A.2.4.1

Side Scan/Multibeam
Activity Name

Activity Description

Maintenance and Miscellaneous
Short Description:
Side Scan/ Multibeam Sonar

Side Scan/Multibeam systems associated with a vessel or unmanned undersea
vehicle (UUV) are tested to ensure they can detect, classify, and localize targets in
a real world environment.

Long Description

Side-scan and multibeam sonar can be used for mapping, as well as detection,
classification, and localization of items on the sea floor such as cabling,
shipwrecks, and mine shapes. It is typically very high frequency using multiple
frequencies at one time with a very directional focus. Side-scan and multibeam
sonar systems may be towed or mounted on a test vehicle or ship. Inert mines
themselves may be tested to ensure they deploy as required and Fleet operators
may be trained in mine field placement.
During inert mine detection, classification, and localization activities an inert mine
shape may be temporarily deployed. This may include one shape or a field of
shapes. All mine targets in the proposed range extension areas would be
temporary; they would not be permanently mounted on the bottom and could be
removed when they were no longer necessary for testing activities, which could be
up to 2 years.
Several target shapes may be deployed in the surf-zone test area in water greater
than 10 ft. (3 meters) deep; additional targets would be placed in depths of less
than 10 ft. (3 m). Inert mine shapes may be made of many composite materials
and are often put on the bottom or float in the water column above an anchor,
often in groups. A series of inert mine fields can be laid to test the detection,
classification, and localization capability of the system under test.

Information Typical to the Event

Platform: UUV, surface vessel
Systems: Very high frequency sonar
Ordnance/Munitions: None
Targets: Including but not limited to bottom, moored,
and floating targets.
Duration: Assume 8 hours for all events, though they
may continue for up to 40 hours, and infrequently
some may operate intermittently for multiple
consecutive months

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Other acoustic devices, vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strikes, seafloor
devices
Entanglement: None
Ingestion: None

Detailed Military Expended
Materials Information

None

Assumptions Used for Analysis

None
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Non-Acoustic Tests
Activity Name

Activity Description

Maintenance and Miscellaneous
Short Description:
Non-Acoustic Tests

These tests involve non-acoustic sensors. Non-acoustic sensors may also gather
other forms of environmental data.

Long Description

These tests involve non-acoustic sensors. Non-acoustic sensors may also gather
other forms of environmental data. An example of a non-acoustic sensor is an
oxygen sensor that detects the level of dissolved oxygen in the water with respect
to depth. Sensors for conductivity and temperature with respect to depth are used
frequently to improve tracking with updated sound velocity profiles from raw data.
Magnetic sensors are non-acoustic sensors that can be placed on the bottom to
detect passing vessels. Non-acoustic sensors may also be put on an unmanned
undersea vehicle as a payload.

Information Typical to the Event

Platform: Various
Systems: Various non-acoustic systems
Ordnance/Munitions: None
Targets: None
Duration: Assume 8 hours for all events, though they
may continue for up to 40 hours, and infrequently
some may operate intermittently for multiple
consecutive months

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strikes, seafloor
devices
Entanglement: None
Ingestion: None

Detailed Military Expended
Materials Information

None

Assumptions Used for Analysis

None
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A.2.5 ACOUSTIC COMPONENT TEST
A.2.5.1

Countermeasures Testing
Activity Name

Activity Description

Acoustic Component Test
Short Description:
Countermeasures Testing

Includes testing of two types of countermeasures: those that emit active
acoustic energy of varying frequencies into the water to mimic the
characteristics of a target so that the actual threat or target remains
undetected; and those that would detect, localize, track, and attack
incoming weapons.

Long Description

Countermeasures, which may take many different forms and represent a
range of tactics, attempt to disrupt an attack intended for a target.
Underwater, a countermeasure may emit sound that is louder than the
target or in a different location that is similar to the target, causing the
attacker to detour away from the target. Additionally, it could be
something that looks like a threat or mimics the magnetic characteristics
of a target, so that the actual threat or target remains undetected. By
design, countermeasures emit active acoustic energy of varying
frequencies into the water.

Information Typical to the Event

Platform: Submarine
Systems: Acoustic countermeasures
Ordnance/Munitions: None
Targets: Various
Duration: Assume 8 hours for all events,
though they may continue for up to 40 hours,
and infrequently some may operate
intermittently for multiple consecutive months

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Mid-frequency acoustic device countermeasures (ASW4),
vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strikes,
military expended materials
Entanglement: None
Ingestion: None

Detailed Military Expended
Materials Information

Expendable acoustic countermeasures

Assumptions Used for Analysis

None
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Acoustic Test Facility
Activity Name

Activity Description

Acoustic Component Test
Short Description:
Acoustic Test Facility

Various acoustic component testing and calibration is conducted in a
controlled experimental environment based on periodicity and is also
conducted on modified, upgraded, and experimental devices.

Long Description

Acoustic Test Facility is used to calibrate and characterize transducers
and hydrophones, and conduct performance testing of modified,
upgraded, and experimental acoustic devices in a controlled yet realistic
environment. Calibration and testing is also conducted for maintenance
purposes based on periodicity.

Information Typical to the Event

Platform: Various
Systems: Various acoustic systems
Ordnance/Munitions: None
Targets: None
Duration: Assume 8 hours for all tests; some
may last 10 minutes, while others may continue
intermittently for several days.

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Low-frequency sources (LF4), mid-frequency sources (MF9),
high-frequency sources (HF6), very high-frequency sources (VHF2)
Energy: None
Physical Disturbance and Strike: None
Entanglement: None
Ingestion: None

Detailed Military Expended
Materials Information

None

Assumptions Used for Analysis

None
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Pierside Integrated Swimmer Defense
Activity Name

Activity Description

Acoustic Component Test
Short Description:
Pierside Integrated Swimmer
Defense

Swimmer defense testing ensures that systems can effectively detect,
characterize, verify, and engage swimmer and diver threats in harbor
environments.

Long Description

Swimmer defense testing includes testing of systems to determine if they
can effectively detect, characterize, verify, and engage swimmer/diver
threats in harbor environments. Swimmer and diver threats are detected
with high-frequency sonar. The threats are then warned to exit the water
through the use of underwater voice communications. Under operational
conditions, if the threat does not comply, non-lethal diver deterrent air
guns are used against the threat; however, airguns would not be used
under proposed testing conditions. Surface loudhailers are also used
during the test.
Event duration is 14 days, with intermittent periods of use for each system
during this time.

Information Typical to the Event

Platform: None
Systems: High-frequency sonar; surface
loudhailers
Ordnance/Munitions: None
Targets: None
Duration: 14 days

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Low-frequency sonar (L4), mid-frequency sonar (MF8),
swimmer detection sonar (SD1), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strikes
Entanglement: None
Ingestion: None

Detailed Military Expended
Materials Information

None

Assumptions Used for Analysis

Other Sensors: Surface ship protection systems (e.g., communications
systems, loudhailers, swimmer deterrents)
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A.3.1 SYSTEM, SUBSYSTEM AND COMPONENT TESTING
A.3.1.1

Pierside Acoustic Testing

Activity Name

Activity Description

System, Subsystem, and Component Testing
Short Description:
Pierside Acoustic
Testing

Operating autonomous underwater vehicle (AUV), remotely operated vehicle (ROV),
unmanned undersea vehicle (UUV), submersibles/Concepts and Prototypes (including
experimental vehicles, systems, equipment, tools and hardware) underwater in a static or
dynamic condition within 500 yards (yd.) of an instrumented platform moored pierside.

Long Description

Operating AUV, ROV, UUV, submersibles/Concepts and Prototypes (including experimental
vehicles, systems, equipment, tools and hardware) underwater in a static or dynamic
condition within 500 yd. of an instrumented platform moored pierside. The instrumented
platform will have onboard acoustic measurement data acquisition and analysis systems,
and onboard/over-the-side hydrophones (some sitting on the sea floor), and surface
tracking vessels. Systems will be exercised to obtain static and short distance operational
and acoustic measurements of all subsystems and components including motors,
controllers, actuators, communication and devices, and forward, side and bottom looking
sonar used for navigation and mission objectives. A separate tracking boat and multiple
boats may be used as required for tracking, observation and safety. Diving services may be
required.

Information Typical to
the Event

Platform: Support craft, barge, pierside (only at
Naval Base Kitsap Bangor)
Systems: AUV, ROV, UUV, submersibles
Ordnance/Munitions: None
Targets: Targets will remain installed on the
bottom until test period is completed and will be
recovered.
Duration: Varies, dependent on test
parameters.

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Mid-frequency projector (e.g., MF10), low-frequency projectors (e.g., LF5),
vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strikes, seafloor devices
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

Targets will remain installed on the bottom until test period is completed and will be
recovered.

Assumptions Used for
Analysis

Varies, dependent on equipment tested.
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Performance Testing at Sea

Activity Name

Activity Description

System, Subsystem and Component Testing
Short Description:
Performance Testing
at Sea

Operating autonomous underwater vehicle (AUV), remotely operated vehicle (ROV),
unmanned undersea vehicle (UUV), submersibles/Concepts and Prototypes underwater at
sea. Systems will be exercised to obtain operational performance measurements of all
subsystems and components used for navigation and mission objectives.

Long Description

Operating AUV, ROV, UUV, submersibles/Concepts and Prototypes (including experimental
vehicles, systems, equipment, tools and hardware) underwater in a static or dynamic
condition while underway in Puget Sound. The instrumented platform will have onboard
acoustic measurement data acquisition and analysis systems, onboard/over-the-side
hydrophones (some sitting on the sea floor), and surface tracking vessels. Systems will be
exercised to obtain operational performance measurements of all subsystems and
components including motors, controllers, actuators, communication and devices, and
forward, side and bottom looking sonar used for navigation and mission objectives. A
separate tracking boat and multiple boats may be used as required for tracking, observation
and safety. Diving services may be required.

Information Typical to
the Event

Platform: Support craft, barge
Systems: AUV, ROV, UUV, submersibles
Ordnance/Munitions: None
Targets: Targets will remain installed on the
bottom until test period is completed and will be
recovered.
Duration: Varies, dependent on test
parameters.

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Acoustic modems (e.g., M3), synthetic aperture sonar (e.g., SAS2), vessel and
simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strikes, seafloor devices
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

Targets will remain installed on the bottom until test period is completed and will be
recovered.

Assumptions Used for
Analysis

Varies, dependent on equipment tested.
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Development Training and Testing

Activity Name

Activity Description

System, Subsystem and Component Testing
Short Description:
Development
Training and Testing

Operating autonomous underwater vehicle (AUV), remotely operated vehicle (ROV),
unmanned undersea vehicle (UUV), submersibles/Concepts and Prototypes underwater at
sea. Systems will be exercised to validate development and to provide operator
familiarization and training with all subsystems and components used for navigation and
mission objectives.

Long Description

Operating AUV, ROV, UUV, submersibles/Concepts and Prototypes (including experimental
vehicles, systems, equipment, tools and hardware) underwater in a static or dynamic
condition at-sea. The instrumented platform will have onboard acoustic measurement data
acquisition and analysis systems, and onboard/over-the-side hydrophones (some sitting on
the sea floor), and surface tracking vessels. Systems will be exercised to validate
development and to provide operator familiarization and training with all subsystems and
components including motors, controllers, actuators, communication and devices, and
forward, side and bottom looking sonar used for navigation and mission objectives. A
separate tracking boat and multiple boats may be used as required for tracking, observation
and safety. Diving services may be required.

Information Typical to
the Event

Platform: Support craft, barge
Systems: AUV, ROV, UUV, submersibles
Ordnance/Munitions: None
Targets: Targets will remain installed on the
bottom until test period is completed and will be
recovered.
Duration: Varies, dependent on test
parameters.

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: High-frequency projectors (e.g., HF6), acoustic modems (e.g., M3), vessel and
simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strikes, seafloor devices
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

Targets will remain installed on the bottom until test period is completed and will be
recovered.

Assumptions Used for
Analysis

Varies, dependent on equipment tested.
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A.3.2 PROOF OF CONCEPT TESTING
A.3.2.1

Proof-of-Concept Testing

Activity Name

Activity Description

Proof-of-Concept Testing
Proof-of-Concept
Testing

Short Description:
Design, fabrication and installation of unique hardware and towing configurations in support
of various surface and underwater demonstrations as proof-of-concept.

Long Description

Design, fabrication and installation of unique hardware and towing configurations in support
of various surface and underwater demonstrations as proof-of-concept. Example: Adapt a
fixture to a test platform which will simulate a dry-deck shelter, at 40 ft. depth, and prove
something can be safely deployed and recovered as it and the test platform moves through
the water at slow speed. The instrumented platform may have a suite of Shipboard
Deployed Equipment which will be used for monitoring, communication and control of the
deployed systems. Can involve use of autonomous underwater vehicles (AUVs)/remotely
operated vehicles (ROVs)/unmanned undersea vehicles (UUVs), submersibles, Concepts
and Prototypes (including experimental vehicles, systems, equipment, tools and hardware).
Systems will be exercised to prove concept(s) and integrate with all required subsystems
and components including motors, controllers, actuators, communication and devices, and
forward, side and bottom looking sonar used for navigation and mission objectives. A
separate tracking boat and multiple boats will be used for tracking, observation and safety.
Diving services may be required.

Information Typical to
the Event

Platform: Support craft (usually a tug boat),
barges, and other support boats as required
Systems: Various such as AUV/ROV/UUVs,
submersible, Concepts and Prototypes
(including experimental vehicles, systems,
equipment, tools and hardware.)
Ordnance/Munitions: None
Targets: Targets maybe required to be installed
in the testing area
Duration: Varies

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: High-frequency projector (e.g., HF6), acoustic modem (e.g., M3), synthetic
aperture sonar (e.g., SAS2), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike, seafloor devices
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

Targets will remain installed on the bottom until test period is completed (up to 36 months)
and will be recovered.

Assumptions Used for
Analysis

Varies, dependent on equipment tested.
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A.4 NAVAL SURFACE WARFARE CENTER, CARDEROCK DIVISION, SOUTHEAST ALASKA
ACOUSTIC MEASUREMENT FACILITY TESTING ACTIVITIES
The Southeast Alaska Acoustic Measurement Facility (SEAFAC) is the Navy’s only west coast asset for
making high fidelity passive acoustic signature measurements. SEAFAC includes directive line arrays,
data collection and processing systems for real-time data analysis and signature evaluation.
As the Navy's primary acoustic engineering measurement facility in the Pacific, SEAFAC provides the
capability to perform RDT&E evaluations to determine the sources of radiated acoustic noise, to assess
vulnerability, and to develop quieting measures.
The facility consists of a site to collect acoustic signatures of submerged submarines and surface vessels
underway, and a unique static site to measure acoustic signatures of motionless (static) submerged
submarines with various onboard machinery secured or under unloaded operation.
A.4.1 NAVAL SURFACE WARFARE CENTER, CARDEROCK DIVISION, SOUTHEAST ALASKA
ACOUSTIC FACILITY
A.4.1.1

Surface Vessel Acoustic Measurement

Activity Name

Activity Description

Research, Development, Test, and Evaluation
Surface Vessel
Acoustic
Measurement

Short Description:
Conduct new construction acoustic trial measurements.

Long Description

The assessment of surface ship acoustic signatures involves the measurement of radiated
noise from surface ships within the Southeast Alaska Acoustic Measurement Facility’s
underway site.
During the acoustic trial, the surface ship traverses the underway site in alternate directions,
passing above the measurement arrays under a variety of operating conditions and speeds.
Sensors on the arrays detect acoustic noise in the water and transmit it to shore facilities
where the data is processed by computers. Scientists and engineers analyze the results,
and the characteristics and the source of the noise emanating from the ship are determined.
These operations typically run for 24 hours a day over the test period.

Information Typical to
the Event

Platform: Surface vessel
Systems: Various
Ordnance/Munitions: None
Targets: None
Duration: 3–4 days

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: High-frequency projectors (e.g., HF3), mid-frequency projectors (e.g., MF9,
MF10), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None
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Underwater Vessel Acoustic Measurement

Activity Name

Activity Description

Research, Development, Test, and Evaluation
Underwater Vessel
Acoustic
Measurement

Short Description:
Conduct acoustic trial measurements of underwater vessels.

Long Description

Conduct new construction and post shakedown availability acoustic trial measurements.
The primary purpose of the acoustic trial measurement is to identify any acoustic signals
emanating from the vessel.
The assessment of underwater acoustic signatures involves the measurement of radiated
noise from underwater vessels (typically submarines) within the Southeast Alaska Acoustic
Measurement Facility’s underway and/or static site.
During static tests, the submarine is positioned between two permanently moored barges
and lowered on cables to the appropriate depth where acoustic measurements are taken
during operation of various submarine systems.
During the underway portion of the acoustic trial, the submarine traverses the site in
alternate directions, passing between the measurement arrays under a variety of operating
conditions, speeds, and depths.
Sensors on the arrays detect acoustic noise in the water and transmit it to shore facilities
where the data is processed by computers. Scientists and engineers analyze the results,
and the characteristics and the source of the noise emanating from the submarine are
determined. These operations typically run for 24 hours a day over the test period.

Information Typical to
the Event

Platform: Submarine
Systems: Various
Ordnance/Munitions: None
Targets: None
Duration: 1–2 weeks

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Mid-frequency projectors (e.g., MF9, MF10), high-frequency projectors (e.g.,
HF3), low-frequency projectors (e.g., LF5), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None
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Underwater Vessel Hydrodynamic Performance Measurement

Activity Name

Activity Description

Research, Development, Test, and Evaluation
Underwater Vessel
Hydrodynamic
Performance
Measurement

Short Description:
Conduct hydrodynamic performance trial measurements

Long Description

The Southeast Alaska Acoustic Measurement Facility (SEAFAC) is used periodically to
verify the accuracy of the navigational equipment used on subsurface vessels. The tracking
features within SEAFAC’s site are used to compare and calibrate on-vessel navigation
systems. Typically, these operations occur once per year over a 2-day timeframe. In
addition to calibration of navigation systems, the hydrodynamic performance of the
submarine is tested and verified on the instrumented underway site.

Information Typical to
the Event

Platform: Submarine
Systems: Various
Ordnance/Munitions: None
Targets: None
Duration: 2 days

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None

APPENDIX A NAVY ACTIVITIES DESCRIPTIONS
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Cold Water Training

Activity Name

Activity Description

Miscellaneous Tests
Short Description:
Cold Water Training

Involves Navy personnel conducting insertion training in cold-water conditions. The training
may include ingress and egress from subsurface vessels and small surface craft.

Long Description

Fleet training for divers in a cold water environment and other diver training related to Navy
divers supporting range operations. Acoustic systems may be used in diver training. The
training may include ingress and egress from subsurface vessels positioned at the static
site, and operations from small surface craft.

Information Typical to
the Event

Platform: Vessel, pierside, or shore
Systems: Various
Ordnance/Munitions: None
Targets: None
Duration: TBD

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: High-frequency projector (e.g., HF6), mid-frequency projector (e.g., MF9, MF10),
vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel and in-water device strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None
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Component System Testing

Activity Name

Activity Description

Research, Development, Test, and Evaluation
Component System
Testing

Short Description:
Conduct testing on individual components of new defense acquisition systems

Long Description

The Navy may develop or have developed new systems that require a measurement of the
acoustic signature. The Southeast Alaska Acoustic Measurement Facility will create tests
such that the component system can be properly evaluated either at the underway site or
the static site, dependent upon the requirements.
Test varies depending on the specific system tested. Typical test involves acoustic
measurement of system under operation. Duration of the testing is determined by the type
of testing required and the complexity.

Information Typical to
the Event

Platform: Various
Systems: Various
Ordnance/Munitions: None
Targets: None
Duration: 1–2 weeks

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: High-frequency projectors (e.g., HF6), mid-frequency projectors (e.g., MF9,
MF10), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None
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Countermeasures Testing

Activity Name

Activity Description

Research, Development, Test, and Evaluation
Countermeasures
Testing

Short Description:
Conduct engineering and acceptance testing of countermeasures.

Long Description

Countermeasures, which may take many different forms and represent a range of tactics,
attempt to disrupt an attack intended for a target. Underwater, a countermeasure may emit
sound that is louder than the target or in a different location that is similar to the target,
causing the attacker to detour away from the target. Additionally, it could be something that
looks like a threat or mimics the acoustic characteristics of a target, so that the actual threat
or target remains undetected. By design, countermeasures emit active acoustic energy of
varying frequencies into the water. The Southeast Alaska Acoustic Measurement Facility
will deploy these countermeasures to measure and validate performance for engineering
tests or acceptance testing.

Information Typical to
the Event

Platform: Various
Systems: Various
Ordnance/Munitions: None
Targets: None
Duration: 3–4 days

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Various (e.g., ASW4), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None
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Electromagnetic Measurement

Activity Name

Activity Description

Research, Development, Test, and Evaluation
Electromagnetic
Measurement

Short Description:
Conduct new construction, post shakedown availability, and life cycle electromagnetic
measurements.

Long Description

Vessels require measurement to determine their electromagnetic characteristics on a
regular basis. The measurements at the Southeast Alaska Acoustic Measurement Facility
will provide this data to the Fleet.

Information Typical to
the Event

Platform: Various
Systems: Various
Ordnance/Munitions: None
Targets: None
Duration: 1–2 weeks

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Mid-frequency projectors (e.g., MF9, MF10), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None
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Measurement System Repair and Replacement

Activity Name

Activity Description

Research, Development, Test, and Evaluation
Measurement
System Repair and
Replacement

Short Description:
Conduct repairs, replacements, and calibration of acoustic measurement systems.

Long Description

The Southeast Alaska Acoustic Measurement Facility (SEAFAC) has many in-water assets
that are used to make measurements and track vessels. Occasionally, these assets require
repair or replacement. The SEAFAC crew will recover, repair, and then re-install the assets.
This event occurs as needed and of varying duration based upon complexity and scope.
Following the repairs, testing and validation of the equipment is needed to insure proper
operation.

Information Typical to
the Event

Platform: Various
Systems: Various
Ordnance/Munitions: None
Targets: None
Duration: 1–2 weeks

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Mid-frequency projectors (e.g., MF9, MF10), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None

APPENDIX A NAVY ACTIVITIES DESCRIPTIONS
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Project Operations

Activity Name

Activity Description

Research, Development, Test, and Evaluation
Short Description:
Project Operations

Support testing and training of fleet assets.

Long Description

Prior to deployment overseas, every Navy ship conducts training and testing to prove they
are ready for the deployment. The Southeast Alaska Acoustic Measurement Facility will be
made available for this testing and training for submarines and possibly surface ships.

Information Typical to
the Event

Platform: Various
Systems: Various
Ordnance/Munitions: None
Targets: None
Duration: 1–2 weeks

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: High-frequency projectors (e.g., HF6), mid-frequency projectors (e.g., MF9,
MF10), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None
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A.4.1.10 Target Strength Trial
Activity Name

Activity Description

Research, Development, Test, and Evaluation
Short Description:
Target Strength Trial

Asset moored to static site. Acoustic projectors and receive arrays will be rotated around
asset. Broadband waveforms will be transmitted. Underwater tracking system will be utilized
to monitor relative positions.

Long Description

Submarines require measurement to determine their target strength if subjected to active
sonar. This testing procedure allows the Southeast Alaska Acoustic Measurement Facility to
measure the target strength of a submarine while moored in the static site. A source is
deployed and moved around the submarine to make this measurement.

Information Typical to
the Event

Platform: Various
Systems: Various
Ordnance/Munitions: None
Targets: None
Duration: 3–4 days

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: High-frequency projectors (e.g., HF6), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike
Entanglement: None
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None
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A.5 NAVAL SEA SYSTEMS COMMAND PROGRAM OFFICE SPONSORED TESTING ACTIVITIES
Naval Sea Systems Command also conducts tests that are sponsored by various program offices. Some
of these activities are conducted in conjunction with fleet activities in the Offshore Area off the coast of
Washington, Oregon, and northern California, and some occur in Puget Sound and at Navy piers at Naval
Base (NAVBASE) Kitsap Bremerton, NAVBASE Kitsap Bangor, and Naval Station Everett. Tests within this
category include, but are not limited to, anti-surface warfare, anti-submarine warfare, mine warfare,
and force protection (maintaining security of Navy facilities, ships, submarines, and aircraft).
A.5.1 LIFE CYCLE ACTIVITIES
A.5.1.1

Pierside Sonar Testing

Activity Name

Activity Description

Life Cycle Activities
Pierside Sonar Testing

Short Description:
Pierside testing of submarine and surface ship sonar systems occurs periodically
following major maintenance periods and for routine maintenance.

Long Description

Following major and routine maintenance periods and prior to deployment at-sea,
pierside testing and maintenance of sonar systems is required. Multiple systems with
active and passive acoustic sources such as tactical sonar, navigation systems,
fathometers, underwater communications systems, underwater distress beacons,
range finders, and other similar systems, would be tested.

Information Typical to the
Event

Platform: Submarines, surface ships
Systems: Surface ship and submarine sonar,
fathometers, pingers, underwater communication
Ordnance/Munitions: None
Targets: None
Duration: Event duration for each test can be up
to 3 weeks, with intermittent use of active sonar.

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Sources such as submarine and surface ship sonar (e.g., ASW3, MF3,
MF9, HF1, HF3), underwater communications (e.g., M3)
Energy: None
Physical Disturbance and Strike Potential: None
Entanglement Potential: None
Ingestion: None

Detailed Military Expended
Materials Information

None

Assumptions Used for
Analysis

Sonar would not be continuously active for the duration of the test

APPENDIX A NAVY ACTIVITIES DESCRIPTIONS
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A.5.2 SHIPBOARD PROTECTION SYSTEMS AND SWIMMER DEFENSE TESTING
A.5.2.1

Pierside Integrated Swimmer Defense

Activity Name

Activity Description

Shipboard Protection Systems and Swimmer Defense Testing
Pierside Integrated
Swimmer Defense

Short Description:
Swimmer defense testing ensures that systems can effectively detect, characterize,
verify, and engage swimmer/diver threats in harbor environments.

Long Description

Swimmer defense testing includes testing of systems to determine if they can
effectively detect, characterize, verify, and engage swimmer/diver threats in harbor
environments. Swimmer and diver threats are detected with high-frequency sonar.
The threats are then warned to exit the water through the use of underwater voice
communications. Under operational conditions, if the threat does not comply,
non-lethal diver deterrent air guns are used against the threat; however, airguns
would not be used under proposed testing conditions. Surface loudhailers are also
used during the test.
Event duration is 14 days, with intermittent periods of use for each system during
this time.

Information Typical to the
Event

Platform: None
Systems: High-frequency sonar; surface
loudhailers
Ordnance/Munitions: None
Targets: None
Duration: 14 days

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Swimmer defense sonar (e.g., SD1, MF8, LF4)
Energy: None
Physical Disturbance and Strike: None
Entanglement: None
Ingestion: None

Detailed Military Expended
Materials Information

None

Assumptions Used for
Analysis

Other Sensors: Surface ship protection systems (e.g., communications systems,
loudhailers, swimmer deterrents)
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A.5.3 UNMANNED VEHICLE TESTING
A.5.3.1

Unmanned Vehicle Development and Payload Testing

Activity Name

Activity Description

Unmanned Vehicle Testing
Unmanned Vehicle
Development &
Payload Testing

Short Description:
Vehicle development involves the production and upgrade of new unmanned platforms on
which to attach various payloads used for different purposes.

Long Description

Vehicle development involves the production and upgrade of new unmanned underwater
platforms on which to attach various payloads used for different purposes. Platforms can
include unmanned underwater vehicles. Payload testing assesses various systems that can
be incorporated onto unmanned platforms for mine warfare, bottom mapping, etc. Tests
range from basic remote control and autonomous navigation tests to deployment and
activation of onboard systems which may include hydrodynamic instruments, launchers, and
recovery capabilities. These vehicles are capable of expanding the communication and
surveillance capabilities of submarines, surface vessels, and terrestrial commands.
Event duration for unmanned vehicles with traditional propulsion typically lasts up to 40
hours. Some propulsion systems (e.g., gliders) could operate continuously for multiple
months.

Information Typical to
the Event

Platform: Support craft, pierside or shore
Systems: Various
Ordnance/Munitions: None
Targets: None
Duration: Tests may be from 10 minutes to 40
hours; some could operate for multiple days or
months

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Unmanned vehicle sonar systems (e.g., MF9), vessel and simulated vessel noise
Energy: Electromagnetic and lasers
Physical Disturbance and Strike: In-water device and vessel strike, bottom crawling
vehicles
Entanglement: Cables and wires
Ingestion: None

Detailed Military
Expended Materials
Information

None

Assumptions Used for
Analysis

None

APPENDIX A NAVY ACTIVITIES DESCRIPTIONS
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A.5.4 ANTI-SURFACE WARFARE/ANTI-SUBMARINE WARFARE TESTING
A.5.4.1

Torpedo (Explosive) Testing

Activity Name

Activity Description

Anti-Surface Warfare (ASUW)/Anti-Submarine Warfare (ASW) Testing
Torpedo (Explosive)
Testing

Short Description:
Air, surface, or submarine crews employ explosive torpedoes against artificial targets.

Long Description

A target carrying a pinger would be suspended from a buoy to a depth between 200
and 700 ft. below the water’s surface. One to two non-explosive exercise torpedoes
would be fired at the target to ensure proper pinger functioning; those exercise
torpedoes would be recovered by a surface vessel or helicopter. Once the exercise
torpedo recovery is complete and the area has been cleared, the explosive torpedo
(carrying a warhead) would be launched at the target. Torpedoes could be launched by
a submarine, a fixed- or rotary-winged aircraft, or a surface combatant. The target
would be placed by a support vessel.
Event duration is 1–2 days during daylight hours. Only one heavyweight torpedo test
could occur in a day; two heavyweight torpedo tests could occur on consecutive days.
Two lightweight torpedo tests could occur in a single day. Up to four exercise torpedoes
could be used during each test day.

Information Typical to the
Event

Platform: Submarine; surface ship; fixed- and
rotary–wing aircraft; support vessels
Systems: None
Ordnance/Munitions: Torpedoes
(heavyweight and lightweight) – high-explosive
(HE) and non-explosive practice munitions
(NEPM)
Targets: Stationary Artificial Targets (e.g., MK
28)
Duration: 1–2 days during daylight hours

Potential Impact Concerns
(Information regarding
deconstruct categories
and stressors)

Acoustic: Underwater explosion (e.g., E8, E11), torpedo sonar (e.g., TORP1, TORP2),
other acoustic devices, aircraft noise, vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike, In-water device strike, aircraft strikes,
military expended materials
Entanglement: decelerator/parachutes (sonobuoy and torpedo), guidance wire
Ingestion: target and torpedo fragments, decelerator/parachutes (sonobuoy and
torpedo), torpedo launch accessories




Detailed Military
Expended Materials
Information



Assumptions Used for
Analysis

Location:
Offshore Area

4 HE torpedoes and associated launch accessories/event
6 non-explosive torpedo accessories/event
Torpedo launch accessories
o Lightweight torpedo accessories (dependent upon launch
platform/delivery):

Air-launched: nose cap, suspension bands, air stabilizer, sway
brace pad, arming wire, fahnstock clip

High Altitude ASW Weapons Capability: all of above plus wing kit

Vertical launch accessories: air-launched accessories plus rocket
booster, airframe, parachute

MK 46 exercise torpedo will drop two lead weights
Heavyweight torpedo accessories: guidance wire, flex hose

One guidance wire and one flex hose for each heavyweight torpedo fired (HE or
NEPM).
Two fahnstock clips, one of each other item per air-launched torpedo (HE or NEPM).
Lead weights are associated with the NEPM MK 46 torpedo only.
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Torpedo (Non-Explosive) Testing

Activity Name

Activity Description

Anti-Surface Warfare (ASUW)/Anti-Submarine Warfare (ASW) Testing
Torpedo (Non-explosive)
Testing

Short Description:
Air, surface, or submarine crews employ non-explosive torpedoes against submarines
or surface vessels.

Long Description

Aerial, surface, and subsurface assets fire exercise torpedoes against surface or
subsurface targets. Torpedo testing evaluates the performance and the effectiveness
of hardware and software upgrades of heavyweight and/or lightweight torpedoes.
Event duration is dependent on number of torpedoes fired. Events can last up to 2
weeks. Typically, no more than 8 torpedoes are fired per day during daylight hours.

Information Typical to the
Event

Platform: Submarines, surface ships, fixedand rotary–wing aircraft
Systems: Surface ship and submarine sonar,
sonobuoys, dipping sonar
Ordnance/Munitions: Lightweight
torpedoes, heavyweight torpedoes
Targets: Submarines, surface ships,
Motorized Autonomous Targets (e.g.,
Expendable Mobile Anti-Submarine Warfare
Training Target), Stationary Artificial Targets
(e.g., Fleet Training Target)
Duration: Up to 2 weeks

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Submarine and surface ship sonar (e.g., ASW3), active sonobuoys (e.g.,
MF5), torpedo sonar (e.g., TORP1, TORP2), acoustic decoys, aircraft noise, vessel
and simulated vessel noise
Energy: None
Physical Disturbance and Strike: non-explosive practice munition strike, aircraft
strike, vessel and in-water device strikes, military expended materials
Entanglement: decelerator/parachutes (sonobuoy and torpedo), guidance wire
Ingestion: decelerator/parachutes (sonobuoy and torpedo), torpedo launch
accessories

Detailed Military Expended
Material Information

Assumptions Used for
Analysis

Location:
Offshore Area



Sonobuoys



Expendable targets



Acoustic countermeasures



Torpedo launch accessories
o Lightweight torpedo accessories (dependent upon launch platform/delivery):

Air-launched: nose cap, suspension bands, air stabilizer, sway brace
pad, arming wire, fahnstock clip

High Altitude ASW Weapons Capability: all of above plus wing kit

Vertical launch accessories: air-launched accessories plus rocket
booster, airframe, parachute

MK 46 torpedo will drop two lead weights
o Heavyweight torpedo accessories: guidance wire, flex hose

All torpedoes are recovered
One guidance wire and one flex hose for each heavyweight torpedo fired.
Two fahnstock clips, one of each other item per air-launched torpedo.
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Countermeasure Testing

Activity Name

Activity Description

Anti-Surface Warfare (ASUW)/Anti-Submarine Warfare (ASW) Testing
Short Description:
Countermeasure Testing

Countermeasure testing involves the testing of systems that would detect, localize,
track, and attack incoming weapons.

Long Description

Countermeasure testing involves the testing of systems that would detect, localize,
track, and sometimes attack incoming weapons. Countermeasure defense systems
testing involves the launch of non-explosive torpedoes at incoming weapons. Acoustic
systems testing includes towed arrays.
Event duration is up to 10 days with a maximum of 40 anti-torpedo torpedoes fired (up
to 10 shots occurring per day), whereas towed array countermeasure tests can be as
short as 4 hours.

Information Typical to the
Event

Platform: Surface ships
Systems: Anti-torpedo torpedo defense
systems, towed arrays (e.g., NIXIE)
Ordnance/Munitions: Lightweight torpedoes
(non-explosive practice munitions [NEPM])
Targets: Torpedo emulators
Duration: 4 hours–10 days

Potential Impact Concerns
(Information regarding
deconstruct categories and
stressors)

Acoustic: Surface ship sonar (e.g., ASW3), high-frequency sources (e.g., HF5),
torpedo sonar (e.g., TORP1), vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: NEPM strike, vessel and in-water device strikes
Entanglement: Cables and wires
Ingestion: Torpedo launch accessories

Detailed Military Expended
Material Information

Torpedo launch accessories

Assumptions Used for
Analysis

None
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A.5.5 NEW SHIP CONSTRUCTION
A.5.5.1

Anti-Submarine Warfare Mission Package Testing

Activity Name

Activity Description

New Ship Construction
Anti-Submarine
Warfare (ASW)
Mission Package
Testing

Short Description:
Ships and their supporting platforms (e.g., helicopters, unmanned aerial vehicles) detect,
localize, and prosecute submarines.

Long Description

Littoral combat ships conduct detect-to-engage operations against modern diesel-electric
and nuclear submarines using airborne and surface assets (both manned and unmanned).
Active and passive acoustic systems are used to detect and track submarine targets,
culminating in the deployment of lightweight torpedoes to engage the threat.

Information Typical to
the Event

Platform: Littoral Combat Ship; rotary wing
aircraft
Systems: Surface ship sonar, helicopterdeployed sonar, active sonobuoys, torpedo
sonar
Ordnance/Munitions: Non-explosive torpedoes
Targets: None
Duration: Event duration is approximately 1–2
weeks, with 4–8 hours of active sonar use with
intervals of non-activity in between.

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Surface ship sonar (e.g., ASW1, ASW3, MF12), helicopter-deployed sonar (e.g.,
MF4), active sonobuoys (e.g., MF5), torpedo sonar (e.g., TORP1), vessel and simulated
vessel noise
Energy: None
Physical Disturbance and Strike: Vessel strike; towed device strike, military expended
materials
Entanglement: Decelerator/parachutes
Ingestion: Decelerator/parachutes

Detailed Military
Expended Material
Information

Torpedo launch accessories, sonobuoys

Assumptions Used for
Analysis

None
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A.6.1 ANTI-SUBMARINE WARFARE
A.6.1.1

Anti-Submarine Warfare Tracking Test – Maritime Patrol Aircraft – Directional Command
Activated Sonobuoy System

Activity Name

Activity Description

Anti-Submarine Warfare
Anti-Submarine
Warfare Tracking
Test – Maritime
Patrol Aircraft
(Directional
Command Activated
Sonobuoy System
[DICASS])

Short Description:
This test evaluates the sensors and systems used by maritime patrol aircraft to detect and
track submarines and to ensure that aircraft systems used to deploy the tracking systems
perform to specifications and meet operational requirements.

Long Description

Similar to Anti-Submarine Warfare Tracking Exercise – Maritime Patrol Aircraft, an
Anti-Submarine Warfare Tracking Test – Maritime Patrol Aircraft evaluates the sensors and
systems used to detect and track submarines and to ensure that platform systems used to
deploy the tracking systems perform to specifications and meet operational requirements.
For this test event, P-3 or P-8A fixed-wing aircraft conduct anti-submarine warfare using
passive and active sonobuoys (e.g., AN/SSQ-62 DICASS). This activity would be conducted
in deep (typically beyond 100 ft.) waters and weapons testing could be initiated from a land
base or surface ship. Some Anti-Submarine Warfare Maritime Patrol Aircraft Tracking Test
– DICASS events could be conducted as part of a Coordinated Event with fleet training
activities.

Information Typical to
the Event

Platform: Surface combatant, submarine, fixedwing aircraft
Systems: Sonobuoys (AN/SSQ-62x DICASS
and passive sonobuoys)
Ordnance/Munitions: None
Targets: None
Duration: 6 flight hours/event

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Sonar, sonobuoys (e.g., MF5), aircraft noise, vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Military expended materials strike, aircraft strike
(seabirds only)
Entanglement: Parachutes/decelerators
Ingestion: Decelerator/parachutes

Detailed Military
Expended Materials
Information

Sonobuoys, to include decelerator/parachutes, lead seawater batteries, lithium batteries
(being phased out)

Assumptions Used for
Analysis

Assume one decelerator/parachute per sonobuoy
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Anti-Submarine Warfare Tracking Test – Maritime Patrol Aircraft – Multistatic Active
Coherent Sonobuoy System

Activity Name

Activity Description

Anti-Submarine Warfare
Anti-Submarine
Warfare Tracking
Test – Maritime
Patrol Aircraft
(Multistatic Active
Coherent [MAC])

Short Description:
This test evaluates the sensors and systems used by maritime patrol aircraft to detect and
track submarines and to ensure that aircraft systems used to deploy the tracking systems
perform to specifications and meet operational requirements.

Long Description

Similar to Anti-Submarine Warfare Tracking Exercise – Maritime Patrol Aircraft, an
Anti-Submarine Warfare Tracking Test – Maritime Patrol Aircraft evaluates the sensors and
systems used to detect and track submarines and to ensure that platform systems used to
deploy the tracking systems perform to specifications and meet operational requirements.
For this test event, P-3 or P-8A fixed-wing aircraft conduct anti-submarine warfare using
passive and active sonobuoys (e.g., AN/SSQ-125 MAC). This activity would be conducted
in deep (typically beyond 100 ft.) waters and weapons testing could be initiated from a land
base or surface ship. Some Anti-Submarine Warfare Maritime Patrol Aircraft Tracking Test
MAC events could be conducted as part of a Coordinated Event with fleet training activities.

Information Typical to
the Event

Platform: Surface combatant, submarine, fixedwing aircraft, rotary wing aircraft
Systems: Sonobuoys (AN/SSQ-125 MAC and
passive sonobuoys)
Ordnance/Munitions: None
Targets: None
Duration: 6 flight hours/event

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Sonar, sonobuoys (e.g., ASW2), aircraft noise, vessel and simulated vessel
noise
Energy: None
Physical Disturbance and Strike: Military expended materials strike, aircraft strike
(seabirds only)
Entanglement: Decelerator/parachutes
Ingestion: Decelerator/parachutes

Detailed Military
Expended Materials
Information

Sonobuoys, to include decelerator/parachutes, lead seawater batteries, lithium batteries
(being phased out)

Assumptions Used for
Analysis

Assume one decelerator/parachute per sonobuoy

APPENDIX A NAVY ACTIVITIES DESCRIPTIONS

Location:
Offshore Area

A-71

NORTHWEST TRAINING AND TESTING FINAL EIS/OEIS

A.6.1.3

OCTOBER 2015

Anti-Submarine Warfare Tracking Test – Maritime Patrol Aircraft – Signal, Underwater
Sound Sonobuoys

Activity Name

Activity Description

Anti-Submarine Warfare
Anti-Submarine
Warfare Tracking
Test – Maritime
Patrol Aircraft
(Signal, Underwater
Sound [SUS])

Short Description:
This test evaluates the sensors and systems used by maritime patrol aircraft to
communicate with submarines using any of the family of SUS systems.

Long Description

Similar to Anti-Submarine Warfare Tracking Exercise – Maritime Patrol Aircraft, an
Anti-Submarine Warfare Tracking Test – Maritime Patrol Aircraft evaluates the sensors and
systems used to detect and track submarines and to ensure that platform systems used to
deploy the tracking systems perform to specifications and meet operational requirements.
For this test event, P-3 or P-8A fixed-wing aircraft conduct anti-submarine warfare using
passive and active sonobuoys (i.e., MK-84 SUS) and explosive sonobuoys (i.e., MK-61
SUS, MK-64 SUS, and MK-82 SUS). This activity would be conducted in deep (typically
beyond 100 ft.) waters and weapons testing could be initiated from a land base or surface
ship. Some Anti-Submarine Warfare Maritime Patrol Aircraft Tracking Test – SUS Sonobuoy
events could be conducted as part of a Coordinated Event with fleet training activities.

Information Typical to
the Event

Platform: Surface combatant, submarine, fixedwing aircraft, rotary wing aircraft
Systems: Sonobuoys (MK-61 SUS, MK-64
SUS, MK-82 SUS, MK-84 SUS, and passive
sonobuoys)
Ordnance/Munitions: High explosive sonobuoy
systems described above
Targets: None
Duration: 6 flight hours/event

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Sonar, sonobuoys (e.g., MF6), underwater explosions (e.g., E3), aircraft noise,
vessel and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Military expended materials strike, aircraft strike
(seabirds only)
Entanglement: Decelerator/parachutes
Ingestion: Decelerator/parachutes, sonobuoy fragments

Detailed Military
Expended Materials
Information

Sonobuoys, to include decelerator/parachutes, lead seawater batteries, lithium batteries
(being phased out)

Assumptions Used for
Analysis

Assume one decelerator/parachute per sonobuoy
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Anti-Submarine Warfare Tracking Test – Maritime Patrol Aircraft – Improved Extended
Echo Ranging Sonobuoy System

Activity Name

Activity Description

Anti-Submarine Warfare
Anti-Submarine
Warfare Tracking
Test – Maritime
Patrol Aircraft
(Improved Extended
Echo Ranging
[IEER])

Short Description:
The test evaluations the sensors and systems used by maritime patrol aircraft to detect and
track submarines and to ensure that aircraft systems used to deploy the tracking systems
perform to specifications and meet operational requirements.

Long Description

Similar to Anti-Submarine Warfare Tracking Exercise – Maritime Patrol Aircraft, an
Anti-Submarine Warfare Tracking Test – Maritime Patrol Aircraft evaluates the sensors and
systems used to detect and track submarines and to ensure that platform systems used to
deploy the tracking systems perform to specifications and meet operational requirements.
For this test event, P-3 or P-8A fixed-wing aircraft conduct anti-submarine warfare using
passive and explosive sonobuoys (i.e., AN/SSQ-110 IEER). This activity would be
conducted in deep (typically beyond 100 ft.) waters and weapons testing could be initiated
from a land base or surface ship. Some Anti-Submarine Warfare Maritime Patrol Aircraft
Tracking Test – IEER Sonobuoy events could be conducted as part of a Coordinated Event
with fleet training activities.

Information Typical to
the Event

Platform: Surface combatant, submarine, fixedwing aircraft, rotary wing aircraft
Systems: Sonobuoys (AN/SSQ-110x IEER and
passive sonobuoys)
Ordnance/Munitions: High explosive sonobuoy
systems described above
Targets: None
Duration: 6 flight hours/event

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Underwater explosions (e.g., E4), aircraft noise, tactical acoustic sonar, vessel
and simulated vessel noise
Energy: None
Physical Disturbance and Strike: Military expended materials strike, aircraft strike
(seabirds only)
Entanglement: Decelerator/parachutes
Ingestion: Decelerator/parachutes, sonobuoy fragments

Detailed Military
Expended Materials
Information

Sonobuoys, to include decelerator/parachutes, lead seawater batteries, lithium batteries
(being phased out)

Assumptions Used for
Analysis

Assume one decelerator/parachute per sonobuoy
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Anti-Submarine Warfare Tracking Test – Maritime Patrol Aircraft – High Duty Cycle
Sonobuoy System

Activity Name

Activity Description

Anti-Submarine Warfare
Anti-Submarine
Warfare Tracking
Test – Maritime
Patrol Aircraft (High
Duty Cycle [HDC])

Short Description:
The test evaluations the sensors and systems used by maritime patrol aircraft to detect and
track submarines and to ensure that aircraft systems used to deploy the tracking systems
perform to specifications and meet operational requirements.

Long Description

Similar to Anti-Submarine Warfare Tracking Exercise – Maritime Patrol Aircraft, an
Anti-Submarine Warfare Tracking Test – Maritime Patrol Aircraft evaluates the sensors and
systems used to detect and track submarines and to ensure that platform systems used to
deploy the tracking systems perform to specifications and meet operational requirements.
For this test event, P-3 or P-8A fixed-wing aircraft conduct anti-submarine warfare using
passive and active sonobuoys (i.e., HDC sonar). This activity would be conducted in deep
(typically beyond 100 ft.) waters and weapons testing could be initiated from a land base or
surface ship. Some Anti-Submarine Warfare Maritime Patrol Aircraft Tracking Test – HDC
Sonobuoy events could be conducted as part of a Coordinated Event with fleet training
activities.

Information Typical to
the Event

Platform: Surface combatant, submarine, fixedwing aircraft, rotary wing aircraft
Systems: Sonobuoys – HDC active and passive
sonobuoys
Ordnance/Munitions: None
Targets: None
Duration: 6 flight hours/event

Potential Impact
Concerns
(Information regarding
deconstruct
categories and
stressors)

Acoustic: Sonar, sonobuoys (e.g., ASW2), aircraft noise, vessel and simulated vessel
noise
Energy: None
Physical Disturbance and Strike: Military expended materials strike, aircraft strike
(seabirds only)
Entanglement: Decelerator/parachutes
Ingestion: Decelerator/parachutes

Detailed Military
Expended Materials
Information

Sonobuoys, to include decelerator/parachutes, lead seawater batteries, lithium batteries
(being phased out)

Assumptions Used for
Analysis

Assume one decelerator/parachute per sonobuoy
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A.6.2 ELECTRONIC WARFARE
A.6.2.1

Flare Test

Activity Name

Activity Description

Electronic Warfare (EW)
Short Description:
Flare Test

Flare tests evaluate newly developed or enhanced flares, flare dispensing equipment, or
modified aircraft systems against flare deployment. Tests may also train pilots and
aircrew in the use of newly developed or modified flare deployment systems. Flare tests
are often conducted with other test events, and are not typically conducted as standalone
tests.

Long Description

Flare tests are conducted to evaluate new flares, newly developed or modified flare
deployment systems; to ensure that other newly enhanced aircraft systems are
compatible with flare deployment; and to train pilots and aircrew in the use of newly
developed or modified flare deployment systems. Flare tests are often conducted with
other test events, and are not typically conducted as stand-alone tests. During a flare test,
flares (and in some cases chaff) are deployed, but no weapons are typically fired.
Fixed-wing aircraft deploy flares as a defensive tactic to disrupt the infrared missile
guidance systems used by heat-seeking missiles, thereby causing the missile to lock onto
the flare instead of onto the aircraft and enabling the aircraft to avoid the threat. In a
typical scenario, an aircraft may detect the electronic targeting signals emitted from threat
radars or missiles, or aircrew may visually identify a threat missile plume when a missile
is launched. At a strategically appropriate time, the pilot dispenses flares and immediately
maneuvers the aircraft to distract and defeat the threat. During a typical flare test, an
aircraft will dispense flares 3,000 ft. above mean sea level, and flares are completely
consumed while in the air.
Aircraft flares use a magnesium extruded flare grain. Flare types commonly deployed
during Naval Air Systems Command testing activities include but are not limited to:
MJU-57, MJU-49, and MJU-38 for high-speed aircraft and MJU-32 for low-speed aircraft.

Information Typical to
the Event

Platform: Fixed-wing aircraft
Systems: Flares: MJU-57, MJU-49, and MJU-38 for
high speed aircraft and MJU-32; Joint Allied Threat
Assessment System/Common Infrared
Countermeasures
Ordnance/Munitions: None
Targets: None
Duration: 2–4 flight hours/event

Potential Impact
Concerns
(Information
regarding deconstruct
categories and
stressors)

Acoustic: Aircraft noise
Energy: None
Physical Disturbance and Strike: Aircraft strike (birds only)
Entanglement: None
Ingestion: End caps

Detailed Military
Expended Materials
Information

Flares (end caps and pistons), chaff

Assumptions Used
for Analysis

Flare use from all other events are captured under this activity.
Estimated 60 flares and 60 chaff cartridges per event
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Appendix C
Bull Trout Range-wide Status of the Species
Listing Status
The coterminous United States population of the bull trout (Salvelinus confluentus) was listed as
threatened on November 1, 1999 (64 FR 58910). Bull trout generally occur in the following
areas: 1) Klamath River Basin of south-central Oregon; 2) the Jarbidge River in Nevada; 3) the
Willamette River Basin in Oregon; 4) Pacific Coast drainages of Washington, including Puget
Sound; 5) major rivers in Idaho, Oregon, Washington, and Montana, within the Columbia River
Basin; and, 6) the St. Mary-Belly River, east of the Continental Divide in northwestern Montana
(Bond 1992, p. 2; Brewin and Brewin 1997, p. 215; Cavender 1978, pp. 165-166; Leary and
Allendorf 1997, pp. 716-719).
Throughout its range, 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, pp. 6672-6673; Rieman et al.
2007, p. 1552). 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 Endangered Species Act (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.
Recovery Planning
Between 2002 and 2004, three separate draft bull trout recovery plans were completed. In 2002,
a draft recovery plan that addressed bull trout populations within the Columbia, Saint MaryBelly, and Klamath River basins (USFWS 2002) was completed and included individual
chapters for 24 separate recovery units. In 2004, draft recovery plans were developed for the
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Coastal-Puget Sound drainages in western Washington, including two recovery unit chapters
(USFWS 2004), and for the Jarbidge River in Nevada (USFWS 2004). None of these draft
recovery plans were finalized, but they have served to identify recovery actions across the range
of the species and to provide a framework for implementing numerous recovery actions by our
partner agencies, local working groups, and others with an interest in bull trout conservation.
The U.S. Fish and Wildlife Service (Service) released a final bull trout recovery plan in September
2015 (USFWS 2015). The recovery plan: 1) incorporates and builds upon new information found in
numerous reports and studies regarding bull trout life history, ecology, etc., including a variety of
implemented conservation actions, since the draft 2002 and 2004 recovery planning period; and, 2)
revises recovery criteria proposed in the 2002 and 2004 draft recovery plans to focus on effective
management of threats to bull trout at the core area level, and de-emphasize achieving targeted point
estimates of abundance of adult bull trout (demographics) in each core area.

The 2002 and 2004 draft recovery plans provide the general life history information, habitat
characteristics, diet, reasons for decline, and distribution and abundance of the different core
areas. The 2015 final recovery plan integrates new information collected since the 1999 listing
regarding bull trout life history, distribution, demographics, conservation successes, etc., and
updates previous bull trout recovery planning efforts across the range of the single DPS currently
listed under the Act. The 2015 final recovery plan supersedes and replaces the previous draft
recovery plans; however, the 2002 and 2004 draft recovery plans still provide important
information on bull trout status and life history.
The 2015 recovery plan establishes four categories of recovery actions for bull trout:
1) Protect, restore, and maintain suitable habitat conditions for bull trout.
2) Minimize demographic threats to bull trout by restoring connectivity or populations
where appropriate to promote diverse life history strategies and conserve genetic
diversity.
3) Prevent and reduce negative effects of non-native fishes and other non-native taxa on bull
trout.
4) Work with partners to conduct research and monitoring to implement and evaluate bull
trout recovery activities, consistent with an adaptive management approach using
feedback from implemented, site-specific recovery tasks, and considering the effects of
climate change.

Current Status and Conservation Needs
Bull trout recovery is based on a geographical hierarchical approach. Bull trout are listed as a
single DPS within the five-state area of the coterminous United States. The single DPS is
subdivided into six biologically-based recovery units (RUs): 1) Coastal Recovery Unit; 2)
Klamath Recovery Unit; 3) Mid-Columbia Recovery Unit; 4) Upper Snake Recovery Unit; 5)
Columbia Headwaters Recovery Unit; and, 6) Saint Mary Recovery Unit (USFWS 2015, p. 36).
These are viable recovery units that meet the three primary principles of biodiversity: representation
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(conserving the breadth of the genetic makeup of the species to conserve its adaptive capabilities);
resilience (ensuring that each population is sufficiently large to withstand stochastic events); and
redundancy (ensuring a sufficient number of populations to provide a margin of safety for the species
to withstand catastrophic events) (USFWS 2015, p. 33).

Each of the six RUs contain multiple bull trout core areas, 116 total, which are non-overlapping
watershed-based polygons, and each core area includes one or more local populations. Currently
there are 109 occupied core areas, which comprise 600 or more local populations. There are also
six core areas where bull trout historically occurred but are now extirpated, and one research
needs area where bull trout were known to occur historically, but their current presence and use
of the area are uncertain.
Core areas can be further described as complex or simple. Complex core areas contain multiple
bull trout local populations, are found in large watersheds, have multiple life history forms, and
have migratory connectivity between spawning and rearing habitat and foraging, migration, and
overwintering habitats (FMO). Simple core areas are those that contain one bull trout local
population. Simple core areas are small in scope, isolated from other core areas by natural
barriers, and may contain unique genetic or life history adaptations.
A local population is a group of bull trout that spawn within a particular stream or portion of a
stream system. A local population is the smallest group of fish known to represent an interacting
reproductive unit. For most waters where specific information is lacking, a local population may
be represented by a single headwater tributary or complex of headwater tributaries. Gene flow
may occur between local populations (e.g., those within a core population), but is assumed to be
infrequent compared with that among individuals within a local population.
The habitat requirements 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 throughout
all hierarchical levels.
Recovery Units

The following is a summary of the description and current status of bull trout within the six RUs.
More comprehensive discussions can be found in the 2015 final bull trout recovery plan
(USFWS 2015) and the individual RU implementation plans.
Coastal Recovery Unit
The Coastal RU is located within western Oregon and Washington. The Coastal RU is divided
into three regions: Puget Sound, Olympic Peninsula, and the Lower Columbia River Regions.
This RU contains 21 occupied core areas and 85 local populations, including the Clackamas
River core area where bull trout had been extirpated and were reintroduced in 2011. This RU
also contains four historically occupied core areas that could be re-established with bull trout.
Core areas within Puget Sound and the Olympic Peninsula currently support the only
3

anadromous local populations of bull trout. This RU also contains ten shared FMO habitats that
are outside core areas but that allow for the continued natural population dynamics in which the
core areas have evolved. There are four core areas within the Coastal RU that have been
identified as current population strongholds: Lower Skagit, Upper Skagit, Quinault River, and
Lower Deschutes River. These are the most stable and abundant bull trout populations in the
RU. The current condition of bull trout in this RU is attributed to: the adverse effects of climate
change; loss of functioning estuarine and nearshore marine habitats; residential, commercial, and
industrial development and urbanization and related impacts (e.g., flood control, floodplain
disconnection, bank armoring, channel straightening; loss of instream habitat complexity);
agriculture (e.g., diking, water control structures, draining of wetlands, channelization, and the
removal of riparian vegetation, livestock grazing); connectivity impairment and fish passage
obstructions (e.g., dams, culverts, instream flows); forest management practices (e.g., timber
harvest and associated road building activities); mining; and the introduction of non-native
species. Conservation measures or recovery actions implemented include relicensing of major
hydropower facilities that have improved upstream and downstream fish passage or complete
removal of dams, land acquisition to conserve bull trout habitat, floodplain restoration, culvert
removal, riparian revegetation, levee setbacks, road removal, and projects to protect and restore
important nearshore marine habitats.
Klamath Recovery Unit
The Klamath RU is located in southern Oregon and northwestern California. The Klamath RU is
the most significantly imperiled recovery unit, having experienced considerable extirpation and
geographic contraction of local populations and declining demographic condition, and natural recolonization is constrained by dispersal barriers and presence of nonnative brook trout. This RU
currently contains three occupied core areas and eight local populations. Nine historic local
populations of bull trout have been extirpated, and restoring additional local populations will be
necessary to achieve recovery. All three core areas have been isolated from other bull trout
populations for the past 10,000 years. The current condition of bull trout in this RU is attributed
to the adverse effects of climate change, habitat degradation and fragmentation, past and present
land use practices, agricultural water diversions, nonnative species, and past fisheries
management practices. Conservation measures or recovery actions implemented include
removal of nonnative fish (e.g., brook trout, brown trout, and hybrids), acquiring water rights for
instream flows, replacing diversion structures, installing fish screens, constructing bypass
channels, installing riparian fencing, culver replacement, and habitat restoration.
Mid-Columbia Recovery Unit
The Mid-Columbia RU is located within eastern Washington, eastern Oregon, and portions of
central Idaho. The Mid-Columbia RU is divided into four geographic regions: Lower MidColumbia, Upper Mid-Columbia, Lower Snake, and Mid-Snake Geographic Regions. This IRU
contains 25 occupied core areas, two historically occupied core areas, one research needs area,
and seven FMO habitats. The current condition of the bull trout in this RU is attributed to the
adverse effects of climate change, agricultural practices (e.g. irrigation, water withdrawals,
livestock grazing), fish passage barriers (e.g. dams, culverts), nonnative species, forest
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management practices, and mining. Conservation measures or recovery actions implemented
include road removal, channel restoration, mine reclamation, improved grazing management,
removal of fish barriers, and instream flow requirements.
Upper Snake Recovery Unit
The Upper Snake RU is located in central Idaho, northern Nevada, and eastern Oregon. The
Upper Snake RU is divided inoto seven geographic regions: Salmon River, Boise River, Payette
River, Little Lost River, Malheur River, Jarbidge River, and Weiser River. This RU contains 22
occupied core areas and 206 local populations, with almost 60 percent being present in the
Salmon River Region. The current condition of the bull trout in this RU is attributed to the
adverse effects of climate change, dams, mining, forest management practices, nonnative
species, and agriculture (e.g., water diversions, grazing). Conservation measures or recovery
actions implemented include instream habitat restoration, instream flow requirements, screening
of irrigation diversions, and riparian restoration.
Columbia Headwaters Recovery Unit
The Columbia Headwaters RU is located in western Montana, northern Idaho, and the
northeastern corner of Washington. The Columbia Headwaters RU is divided into five
geographic regions: Upper Clark Fork, Lower Clark Fork, Flathead, Kootenai, and Coeur
d’Alene Geographic Regions. This RU contains 35 occupied core areas: 15 complex core areas
represented by larger interconnected habitats, and 20 simple core areas comprising isolated
headwater lakes with single local populations. The 20 simple core areas are each represented by
a single local population, many of which may have persisted for thousands of years despite small
populations and isolated existence. Fish passage improvements within the RU have reconnected
previously fragmented habitats. The current condition of bull trout in this RU is attributed to the
adverse effects of climate change, mining and contamination by heavy metals, nonnative species,
modified instream flows, migratory barriers (e.g., dams), habitat fragmentation, forest practices
(e,g., logging, roads), agriculture practices (e.g. irrigation, livestock grazing), and residential
development. Conservation measures or recovery actions implemented include habitat
improvement, fish passage, and removal of nonnative species. Unlike the other RUs, the
Columbia Headwaters RU does not have any anadromous fish overlap. Therefore, bull trout
within the Columbia Headwaters RU do not benefit from the recovery actions for salmon.
Saint Mary Recovery Unit
The Saint Mary RU is located in Montana but is heavily linked to downstream resources in
southern Alberta, Canada. Most of the watershed in this RU is located in Canada. The United
States portion includes headwater spawning and rearing habitat and the upper reaches of FMO
habitat. This RU contains four occupied core areas, and eight local populations. The current
condition of bull trout in this RU is attributed to the adverse effects of climate change, the Saint
Mary Diversion operated by the Bureau of Reclamation (e.g., entrainment, fish passage, instream
flows), and nonnative species. The primary issue precluding bull trout recovery in this RU
relates to impacts of water diversions, specifically at the Bureau of Reclamations Milk River
Project.
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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 McIntyre 1993, pp. 1-18). 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, p. 1; Goetz 1989, pp. 15-16). 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, pp. 135-137; Goetz 1989, pp. 22-25), or saltwater
(anadromous form) to rear as subadults and to live as adults (Cavender 1978, pp. 139, 165-68;
McPhail and Baxter 1996, p. 14; WDFW et al. 1997, pp. 17-18, 22-26). 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, pp. 135-137; Leathe and Graham 1982, p. 95; Pratt 1992,
p. 6; Rieman and McIntyre 1996, p. 133).
The iteroparous reproductive strategy of bull trout has important repercussions for the
management of this species. Bull trout require adult and subadult 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 adult passage upstream). Therefore, 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 for adults and subadults. 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, pp. 29-32;
Pratt 1984, p. 13). 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
McIntyre 1993, p. 7). 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, pp. 137, 141; Goetz 1989, pp. 1926; Bond in Hoelscher and Bjornn 1989, p. 57; Howell and Buchanan 1992, p. 1; Pratt 1992, p.
6; Rich 1996, pp. 35-38; Rieman and McIntyre 1993, pp. 4-7; Rieman and McIntyre 1995, pp.
293-294; Sedell and Everest 1991, p. 1; Watson and Hillman 1997, pp. 246-250). Watson and
Hillman (1997, pp. 247-249) 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
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watersheds. Because bull trout exhibit a patchy distribution, even in pristine habitats (Rieman
and McIntyre 1993, p. 7), bull trout should not be expected to simultaneously occupy all
available habitats (Rieman et al. 1997, p. 1560).
Migratory corridors link seasonal habitats for all bull trout life histories. The ability to migrate is
important to the persistence of bull trout (Gilpin, in litt. 1997, pp. 4-5; Rieman and McIntyre
1993, p. 7; Rieman et al. 1997, p. 1114). 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 McIntyre 1993, p. 7; Spruell et al. 1999, pp. 118120). 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, p. 133; Pratt 1992, p. 6; Rieman and McIntyre 1993, p. 7).
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, pp. 426-427; Pratt 1992, p. 6; Rieman and McIntyre 1993,
p. 7; Rieman et al. 1997, p. 1117). 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, pp. 121-122; Goetz 1989, pp.
22-24; McPhail and Murray 1979, pp. 41, 50, 53, 55). 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 °C to 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,
pp. 121-122; Fraley and Shepard 1989, pp. 135-137; Rieman and McIntyre 1993, p. 2; Rieman
and McIntyre 1995, p. 288; Rieman et al. 1997, p. 1114). Availability 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 (Gamett, pers. comm. 2002).
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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, pp. 135-137;
Goetz 1989, pp. 22-25; Hoelscher and Bjornn 1989, p. 54; Pratt 1992, p. 6; Rich 1996, pp. 35-38;
Sedell and Everest 1991, p. 1; Sexauer and James 1997, pp. 367-369; Thomas 1992, pp. 4-5;
Watson and Hillman 1997, pp. 247-249). Maintaining bull trout habitat requires stability of
stream channels and maintenance of natural flow patterns (Rieman and McIntyre 1993, p. 7).
Juvenile and adult bull trout frequently inhabit side channels, stream margins, and pools with
suitable cover (Sexauer and James 1997, pp. 367-369). 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, pp. 135-137; Pratt 1992, p. 6; Pratt and Huston 1993, pp. 7072). Pratt (1992, p. 6) 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, p. 135). Redds are often constructed
in stream reaches fed by springs or near other sources of cold groundwater (Goetz 1989, p. 15;
Pratt 1992, p. 8; Rieman and McIntyre 1996, p. 133). Depending on water temperature,
incubation is normally 100 to 145 days (Pratt 1992, p. 8). 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 (Ratliff and Howell 1992 in Howell and Buchanan 1992, pp. 10, 15; Pratt 1992, pp. 5-6).
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, pp. 54-55). 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, pp. 1073, 1079-1080;
Frissell 1993, p. 350; Goetz et al. 2004, pp. 45, 55, 60, 68, 77, 113-114, 123, 125-126). For
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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, pp. 15-16; Rieman and McIntyre 1993, pp. 18-19;
MBTSG 1998, pp. iv, 48-50; USFWS 2004a, Vol. 2, p. 63). 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 fish with higher fecundity is lost (Rieman and
McIntyre 1993, pp. 1-18).
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, p. 58; Donald and
Alger 1993, pp. 239-243; Goetz 1989, pp. 33-34). Subadult and adult migratory bull trout feed
on various fish species (Brown 1994, p. 21; Donald and Alger 1993, p. 242; Fraley and Shepard
1989, p. 135; Leathe and Graham 1982, p. 95). Bull trout of all sizes other than fry have been
found to eat fish up to half their length (Beauchamp and VanTassell 2001). Bull trout may feed
heavily on fish eggs in watersheds shared with anadromous salmon (Lowery and Beauchamp
2015). 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, p. 114; WDFW et al. 1997, p. 23).
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
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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, p. 1079; Goetz et al. 2004, pp. 36, 60).
Effects of Climate Change on Bull Trout
The terms “climate” and “climate change” are defined by the Intergovernmental Panel on
Climate Change (IPCC). “Climate” refers to the mean and variability of different types of
weather conditions over time, with 30 years being a typical period for such measurements,
although shorter or longer periods also may be used (IPCC 2007, p. 78). The term “climate
change” thus refers to a change in the mean or variability of one or more measures of climate
(e.g., temperature or precipitation) that persists for an extended period, typically decades or
longer, whether the change is due to natural variability, human activity, or both (IPCC 2007, p.
78). Various types of changes in climate can have direct or indirect effects on species. These
effects may be positive, neutral, or negative and they may change over time, depending on the
species and other relevant considerations, such as the effects of interactions of climate with other
variables (e.g., habitat fragmentation) (IPCC 2007, pp. 8–14, 18–19).
Climate change is likely to play an increasingly important role in determining the abundance of
ESA-listed species and the conservation value of designated critical habitats in the Pacific
Northwest. These changes will not be spatially homogeneous across the Pacific Northwest.
Areas with elevations high enough to maintain temperatures well below freezing for most of the
winter and early spring will be less affected. Low-elevation areas are likely to be more affected.
During the last century, average regional air temperatures increased by 1.5 °F, with increases as
much as 4 °F in isolated areas (USGCRP 2009). Average regional temperatures are likely to
increase an additional 3 °F to 10 °F over the next century (USGCRP 2009). Overall, about onethird of the current cold-water fish habitat in the Pacific Northwest is likely to exceed key water
temperature thresholds by the end of this century (USGCRP 2009).
Precipitation trends during the next century are less certain than for temperature, but more
precipitation is likely to occur during October through March, less may occur during summer
months, and more winter precipitation is likely to fall as rain rather than snow (ISAB 2007;
USGCRP 2009). Significant reductions in both total snow pack and low-elevation snow pack in
the Pacific Northwest is predicted over the next 50 years (Mote and Salathé 2010) – changes that
will shrink the extent of the snowmelt-dominated habitat available to salmonids. Where snow
occurs, a warmer climate will cause earlier runoff, which will increase flows in early spring but
will likely reduce flows and increase water temperature in late spring, summer, and fall (ISAB
2007; USGCRP 2009).
As the snow pack diminishes and seasonal hydrology shifts to more frequent and severe early
large storms, stream flow timing and increased peak river flows may limit salmonid survival
(Mantua et al. 2010). Lower stream flows and warmer water temperatures during summer will
degrade summer rearing conditions, in part by increasing the prevalence and virulence of fish
diseases and parasites (USGCRP 2009). To avoid waters above summer maximum
temperatures, juvenile rearing may be increasingly found only in the confluence of colder
tributaries or other areas of cold water refugia (Mantua et al. 2010). Other adverse effects are
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likely to include altered migration patterns, accelerated embryo development, premature
emergence of fry, variation in quality and quantity of tributary rearing habitat, and increased
competition and predation risk from warm-water, non-native species (ISAB 2007).
The earth’s oceans are also warming, with considerable interannual and inter-decadal variability
superimposed on the longer-term trend (Bindoff et al. 2007). Historically, warm periods in the
coastal Pacific Ocean have coincided with relatively low abundances of salmonids, while cooler
ocean periods have coincided with relatively high abundances (Scheuerell and Williams 2005;
Zabel et al. 2006; USGCRP 2009). Ocean conditions adverse to salmonids may be more likely
under a warming climate (Zabel et al. 2006).
Ocean acidification resulting from the uptake of carbon dioxide by ocean waters threatens corals,
shellfish, and other living things that form their shells and skeletons from calcium carbonate (Orr
et al. 2005; Feely et al. 2012). Such ocean acidification is essentially irreversible over a time
scale of centuries (Royal Society 2005). Increasing carbon dioxide concentrations are reducing
ocean pH and dissolved carbonate ion concentrations, and thus levels of calcium carbonate
saturation. Over the past several centuries, ocean pH has decreased by about 0.1 (an
approximately 30 percent increase in acidity) and is projected to decline by another 0.3 to 0.4 pH
units (approximately 100 to 150 percent increase in acidity) by the end of this century (Orr et al.
2005; Feely et al. 2012). As aqueous carbon dioxide concentrations increase, carbonate ion
concentrations decrease, making it more difficult for marine calcifying organisms to form
biogenic calcium carbonate needed for shell and skeleton formation. The reduction in pH also
affects photosynthesis, growth, and reproduction of marine organisms. The upwelling of deeper
ocean water deficient in carbonate, and thus potentially detrimental to the food chains supporting
juvenile salmonids, has recently been observed along the U.S. west coast (Feely et al. 2008).
Climate change is expected to make recovery targets for ESA-listed species more difficult to
achieve. Actions improving freshwater and estuarine habitats can offset some of the adverse
impacts of climate change. Examples include restoring connections to historical floodplains and
estuarine habitats, protecting and restoring riparian vegetation, purchasing or applying easements
to lands that provide important cold water or refuge habitat, and leasing or buying water rights to
improve summer flows (Battin et al. 2007; ISAB 2007).
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APPENDIX D
STATUS OF THE SPECIES: Marbled Murrelet
The marbled murrelet (Brachyramphus marmoratus) (murrelet) was listed by the U.S. Fish and
Wildlife Service (Service) as a threatened species in Washington, Oregon, and California in
1992. The primary reasons for listing included extensive loss and fragmentation of the older-age
forests that serve as nesting habitat for murrelets, and human-induced mortality in the marine
environment from gillnets and oil spills (57 FR 45328 [Oct. 1, 1992]). Although some threats
such as gillnet mortality and loss of nesting habitat on Federal lands have been reduced since the
1992 listing, the primary threats to species persistence continue (75 FR 3424 [Jan. 21, 2010]).
Life History
The murrelet is a small, fast-flying seabird in the Alcidae family that occurs along the Pacific
coast of North America. Murrelets forage for small schooling fish or invertebrates in shallow,
nearshore, marine waters and primarily nest in coastal older-aged coniferous forests. The
murrelet lifespan is unknown, but is expected to be in the range of 10 to 20 years based on
information from similar alcid species (De Santo and Nelson 1995, pp. 36-37). Murrelet nesting
is asynchronous and spread over a prolonged season. In Washington, the murrelet breeding
season extends from April 1 to September 23. Egg laying and incubation occur from April to
early August and chick rearing occurs between late May and September, with all chicks fledging
by late September (Hamer et al. 2003; USFWS 2012a).
Murrelets lay a single-egg which may be replaced if egg failure occurs early in the nesting cycle,
but this is rare (Nelson 1997, p. 17). During incubation, one adult sits on the nest while the other
forages at sea. Adults typically incubate for a 24-hour period, then exchange duties with their
mate at dawn. Chicks hatch between May and August after 30 days of incubation. Hatchlings
appear to be brooded by an adult for several days (Nelson 1997, p. 18). Once the chick attains
thermoregulatory independence, both adults leave the chick alone at the nest for the remainder of
the rearing period, except during feedings. Both parents feed the chick, which receives one to
eight meals per day (Nelson 1997, p. 18). Most meals are delivered early in the morning while
about a third of the food deliveries occur at dusk and intermittently throughout the day (Nelson
and Hamer 1995, p. 62).
Murrelets and other fish-eating alcids exhibit wide variations in nestling growth rates. The
nestling stage of murrelet development can vary from 27 to 40 days before fledging (De Santo
and Nelson 1995, p. 45). The variations in alcid chick development are attributed to constraints
on feeding ecology, such as unpredictable and patchy food distributions, and great distances
between feeding and nesting sites (Øyan and Anker-Nilssen 1996, p. 830). Food limitation
during nesting often results in poor growth, delayed fledging, increased mortality of chicks, and
nest abandonment by adults (Øyan and Anker-Nilssen 1996, p. 836).
Murrelets are believed to be sexually mature at 2 to 4 years of age (Nelson 1997, p. 19). Adult
birds may not nest every year, especially when food resources are limited. Recent monitoring
efforts in Washington indicated that only 20 percent of monitored murrelet nesting attempts were
successful, and only a small portion of the 158 tagged adult birds actually attempted to nest (13
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percent) (Raphael and Bloxton 2009, p. 165). The low number of adults attempting to nest is not
unique to Washington. Some researchers suspect that the portion of non-breeding adults in
murrelet populations can range from about 5 percent to 70 percent depending on the year, but
most population modeling studies suggest a range of 5 to 20 percent (McShane et al. 2004, p. 35).
Murrelets in the Marine Environment
Marbled murrelets spend most (>90 percent) of their time at sea. Their preferred marine habitat
includes sheltered, nearshore waters within 3 miles of shore, although they occur farther offshore
in areas of Alaska and during the nonbreeding season (Huff et al. 2006, p. 19). They generally
forage in pairs on the water, but they also forage solitarily or in small groups.
Breeding Season
The murrelet is widely distributed in nearshore waters along the west coast of North America. It
occurs primarily within 5 km of shore (Alaska, within 50 km), and primarily in protected waters,
although its distribution varies with coastline topography, river plumes, riptides, and other
physical features (Nelson 1997, p. 3). Murrelet marine distribution is strongly associated with
the amount and configuration of terrestrial nesting habitat (Raphael et al. 2015c, p. 17). In other
words, they tend to be distributed in marine waters adjacent to areas of suitable breeding habitat.
Non-breeding adults and subadults are thought to occur in similar areas as breeding adults. This
species does occur farther offshore, but in much reduced numbers (Strachan et al. 1995, p. 247).
Their offshore occurrence is probably related to current upwelling and plumes during certain
times of the year that tend to concentrate their prey species.
Winter Range
The winter range of the murrelet is poorly documented, but they are present near breeding sites
year-round in most areas (Nelson 1997, p. 3). Murrelets exhibit seasonal redistributions during
non-breeding seasons. Generally more dispersed and found farther offshore in winter in some
areas, although highest concentrations still occur close to shore and in protected waters (Nelson
1997, p. 3). In some areas, murrelets move from the outer exposed coasts of of Vancouver
Island and the Straits of Juan de Fuca into the sheltered and productive waters of northern and
eastern Puget Sound. Less is known about seasonal movements along the outer coasts of
Washington, Oregon, and California (Ralph et al. 1995, p. 9). The farthest offshore records of
murrelet distribution are 60 km off the coast of northern California in October, 46 km off the
coast of Oregon in February (Adams et al. 2014) and at least 300 km off the coast in Alaska
(Piatt and Naslund 1995, p. 287). Known areas of winter concentration include and southern and
eastern end of Strait of Juan de Fuca (primarily Sequim, Discovery, and Chuckanut Bays), San
Juan Islands and Puget Sound, WA (Speich and Wahl 1995, p. 314).

2

Foraging and Diet
Murrelets dive and swim through the water by using their wings in pursuit of their prey; their
foraging and diving behavior is restricted by physiology. They usually feed in shallow,
nearshore water <30 m (98 ft) deep, which seems to provide them with optimal foraging
conditions for their generalized diet of small schooling fish and large, pelagic invertebrates:
Pacific sand lance (Ammodytes hexapterus), northern anchovy (Engraulis mordax), Pacific
herring (Clupea harengus), surf smelt (Hypomesus sp.), euphausiids, mysids, amphipods, and
other species (Nelson 1997, p. 7). However, they are assumed to be capable of diving to a depth
of 47 m (157 ft) based on their body size and diving depths observed for other Alcid species
(Mathews and Burger 1998, p. 71).
Contemporary studies of murrelet diets in the Puget Sound–Georgia Basin region indicate that
Pacific sand lance now comprise the majority of the murrelet diet (Gutowsky et al. 2009, p. 251).
Historically, energy-rich fishes such as herring and northern anchovy comprised the majority of
the murrelet diet (Becker and Beissinger 2006, p. 470; Gutowsky et al. 2009, p. 247). This is
significant because sandlance have the lowest energetic value of the fishes that murrelets
commonly consume. For example, a single northern anchovy has nearly six times the energetic
value of a sandlance of the same size (Gutowsky et al. 2009, p. 251), so a murrelet would have to
eat six sandlance to get the equivalent energy of a single anchovy. Reductions in the abundance
of energy-rich forage fish species is likely a contributing factor in the poor reproduction in
murrelets (Becker and Beissinger 2006, p. 470).
The duration of dives appears to depend upon age (adults vs. juveniles), water depth, visibility,
and depth and availability of prey. Dive duration has been observed ranging from 8 seconds to
115 seconds, although most dives are between 25 to 45 seconds (Day and Nigro 2000; Jodice
and Collopy 1999; Thoresen 1989; Watanuki and Burger 1999). Diving bouts last over a period
of 27 to 33 minutes (Nelson 1997, p. 9). They forage in deeper waters when upwelling, tidal
rips, and daily activity of prey concentrate prey near the surface (Strachan et al. 1995).
Murrelets are highly mobile and some make substantial changes in their foraging sites within the
breeding season. For example, Becker and Beissinger (2003, p. 243) found that murrelets
responded rapidly (within days or weeks) to small-scale variability in upwelling intensity and
prey availability by shifting their foraging behavior and habitat selection within a 100-km (62mile) area.
For more information on murrelet use of marine habitats, see literature reviews in McShane et al.
2004 and USFWS 2009.
Murrelets in the Terrestrial Environment
Murrelets are dependent upon older-age forests, or forests with an older tree component, for
nesting habitat (Hamer and Nelson 1995, p. 69). Specifically, murrelets prefer high and broad
platforms for landing and take-off, and surfaces which will support a nest cup (Hamer and
Nelson 1995, pp. 78-79). In Washington, murrelet nests have been found in live conifers,
specifically, western hemlock (Tsuga heterophylla), Sitka spruce (Picea sitchensis), Douglas-fir
(Pseudotsuga menziesii), and western red cedar (Thuja plicata) (Hamer and Nelson 1995; Hamer
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and Meekins 1999). Most murrelets appear to nest within 37 miles of the coast, although
occupied behaviors have been recorded up to 52 miles inland, and murrelet presence has been
detected up to 70 miles inland in Washington (Huff et al. 2006, p. 10). Nests occur primarily in
large, older-aged trees. Overall, nests have been found in trees greater than 19 inches in
diameter-at-breast and greater than 98 ft tall. Nesting platforms include limbs or other branch
deformities that are greater than 4 inches in diameter, and are at greater than 33 ft above the
ground. Substrate such as moss or needles on the nest platform is important for protecting the
egg and preventing it from falling off (Huff et al. 2006, p. 13).
Murrelets do not form dense colonies which is atypical of most seabirds. Limited evidence
suggests they may form loose colonies in some cases (Ralph et al. 1995). The reliance of
murrelets on cryptic coloration to avoid detection suggests they utilize a wide spacing of nests in
order to prevent predators from forming a search image (Ralph et al. 1995). Individual murrelets
are suspected to have fidelity to nest sites or nesting areas, although this is has only been
confirmed with marked birds in a few cases (Huff et al. 2006, p. 11). There are at least 15
records of murrelets using nest sites in the same or adjacent trees in successive years, but it is not
clear if they were used by the same birds (McShane et al. 2004, p. 2-14). At the landscape scale,
murrelets do show fidelity to foraging areas and probably to specific watersheds for nesting
(McShane et al. 2004, p. 2-14). Murrelets have been observed visiting nesting habitat during
non-breeding periods in Washington, Oregon, and California which may indicate adults are
maintaining fidelity and familiarity with nesting sites and/or stands (Naslund 1993; O'Donnell et
al. 1995, p. 125).
Loss of nesting habitat reduces nest site availability and displaces any murrelets that may have
had nesting fidelity to the logged area (Raphael et al. 2002, p. 232). Murrelets have
demonstrated fidelity to nesting stands and in some areas, fidelity to individual nest trees (Burger
et al. 2009, p. 217). Murrelets returning to recently logged areas may not breed for several years
or until they have found suitable nesting habitat elsewhere (Raphael et al. 2002, p. 232). The
potential effects of displacement due to habitat loss include nest site abandonment, delayed
breeding, failure to initiate breeding in subsequent years, and failed breeding due to increased
predation risk at a marginal nesting location (Divoky and Horton 1995, p. 83; Raphael et al.
2002, p. 232). Each of these outcomes has the potential to reduce the nesting success for
individual breeding pairs, and could ultimately result in the reduced recruitment of juvenile birds
into the local population (Raphael et al. 2002, pp. 231-233).
Detailed information regarding the life history and conservation needs of the murrelet are
presented in the Ecology and Conservation of the Marbled Murrelet (Ralph et al. 1995), the
Service’s 1997 Recovery Plan for the Marbled Murrelet (USFWS 1997), and in subsequent 5year status reviews (McShane et al. 2004; USFWS 2009).
Distribution
Murrelets are distributed along the Pacific coast of North America, with birds breeding from
central California through Oregon, Washington, British Columbia, southern Alaska, westward
through the Aleutian Island chain, with presumed breeding as far north as Bristol Bay (Nelson
1997, p. 2). The federally-listed murrelet population in Washington, Oregon, and California is
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classified by the Service as a distinct population segment (75 FR 3424). The coterminous United
States population of murrelets is considered significant as the loss of this distinct population
segment would result in a significant gap in the range of the taxon and the loss of unique genetic
characteristics that are significant to the taxon (75 FR 3430).
Murrelets spend most of their lives in the marine environment where they consume a diversity of
prey species, including small fish and invertebrates. Murrelets occur primarily in nearshore
marine waters within 5 km of the coast, but have been documented up to 300 km offshore in
winter off the coast of Alaska (Nelson 1997, p. 3). The inland nesting distribution of murrelets is
strongly associated with the presence of mature and old-growth conifer forests. Murrelets have
been detected >100 km inland in Washington (70 miles), while the inland distribution in the
southern portion of the species range is associated with the extent of the hemlock/tanoak
vegetation zone which occurs up to 16-51 km inland (10-32 miles) (Evans Mack et al. 2003, p.
4).
The distribution of murrelets in marine waters during the summer breeding season is highly
variable along the Pacific coast, with areas of high density occurring along the Strait of Juan de
Fuca in Washington, the central Oregon coast, and northern California (Raphael et al. 2015c, p.
20). Low-density areas or gaps in murrelet distribution occur in central California, and along the
southern Washington coast (Raphael et al. 2015c, p. 21). Analysis of various marine and
terrestrial habitat factors indicate that the amount and configuration of inland nesting habitat is
the strongest factor that influences the marine distribution of murrelets during the nesting season
(Raphael et al. 2015c, p. 17). Local aggregations or “hot spots” of murrelets in nearshore marine
waters are strongly associated with landscapes that support large, contiguous areas of mature and
old-growth forest.
Distribution of Nesting Habitat
The loss of nesting habitat was a major cause of the murrelets decline over the past century and
may still be contributing as nesting habitat continues to be lost to fires, logging, and wind storms
(Miller et al. 2012, p. 778). Due mostly to historic timber harvest, only a small percentage (~11
percent) of the habitat-capable lands within the listed range of the murrelet currently contain
potential nesting habitat (Raphael et al. 2015b, p. 118). Monitoring of murrelet nesting habitat
within the Northwest Forest Plan area indicates nesting habitat declined from an estimated 2.53
million acres in 1993 to an estimated 2.23 million acres in 2012, a decline of about 12.1 percent
(Raphael et al. 2015b, p. 89). Fire has been the major cause of nesting habitat loss on Federal
lands, while timber harvest is the primary cause of loss on non-Federal lands (Raphael et al.
2015b, p. 90). While most (60 percent) of the potential habitat is located on Federal reservedland allocations, a substantial amount of nesting habitat occurs on non-federal lands (34 percent)
(Table 1).
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Table 1. Estimates of higher-quality murrelet nesting habitat by State and major land ownership
within the area of the Northwest Forest Plan – derived from 2012 data.
Habitat
capable
lands

Habitat on
Federal
reserved
lands

Habitat on
Federal
nonreserved
lands

Habitat on
non-federal
lands

Total
potential
nesting
habitat (all
lands)

State
WA

(1,000s of
acres)

(1,000s of
acres)

(1,000s of
acres)

(1,000s of acres)

(1,000s of acres)

10,851.1

822.4

64.7

456

1,343.1

Percent of habitat
capable land that is
currently in habitat
12 %

OR

6,610.4

484.5

69.2

221.1

774.8

12 %

CA

3,250.1

24.5

1.5

82.9

108.9

3%

Totals

20,711.6

1,331.4

135.4

760

2,226.8

11 %

34 %

100 %

-

Percent
60 %
6%
Source: (Raphael et al. 2015b, pp. 115-118)

Population Status
The 1997 Recovery Plan for the Marbled Murrelet (USFWS 1997) identified six Conservation
Zones 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) (Figure 1). Recovery zones are the functional equivalent
of recovery units as defined by Service policy (USFWS 1997, p. 115). The subpopulations in
each Zone are not discrete. There is some movement of murrelets between Zones as indicated by
radio-telemetry studies (e.g., Bloxton and Raphael 2006, p. 162), but the degree to which
murrelets migrate between Zones is unknown. For the purposes of consultation, the Service
treats each of the Conservation Zones as separate sub-populations of the listed murrelet
population.
Population Status and Trends
Population estimates for the murrelet are derived from marine surveys conducted during the
nesting season as part of the Northwest Forest Plan effectiveness monitoring program. Surveys
from 2001 to 2013 indicated that the murrelet population in Conservation Zones 1 through 5
(Northwest Forest Plan area) declined at a rate of -1.2 percent per year (Falxa et al. 2015, pp. 78). While the overall trend estimate across this time period is negative, the evidence of a
detectable linear decline is not conclusive because the confidence intervals for the estimated
trend overlap zero (95% confidence interval [CI]:-2.9 to 0.5 percent) (Falxa et al. 2015, pp. 7-8)
(Table 2). This differs from the declines previously reported at the Northwest Forest Plan-scale
for the 2001 to 2010 period. This difference was the result of high population estimates for 2011
through 2013 compared to the previous several years, which reduced the slope of the trend and
increased variability (Falxa and Raphael 2015, p. 4).
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Population monitoring from 2001 to 2013 indicates strong evidence for a linear decline for
murrelet subpopulations in Washington, while trends in Oregon and northern California indicate
potentially stable or increasing subpopulations with no conclusive evidence of a positive or
negative trend over the monitoring period (Falxa et al. 2015, p. 26). While the direct causes for
subpopulation declines in Washington are unknown, potential factors include the loss of nesting
habitat, including cumulative and time-lag effects of habitat losses over the past 20 years (an
individual murrelets potential lifespan), changes in the marine environment reducing the
availability or quality of prey, increased densities of nest predators, and emigration (Miller et al.
2012, p. 778).
The most recent population estimate for the entire Northwest Forest Plan area in 2013 was
19,700 murrelets (95 percent CI: 15,400 to 23,900 birds) (Falxa et al. 2015, p. 7). The largest
and most stable murrelet subpopulations now occur off the Oregon and northern California
coasts, while subpopulations in Washington have experienced the greatest rates of decline.
Murrelet zones are now surveyed on an every other-year basis, so the last year that a range-wide
estimate for all zones combined is 2013 (Table 2). Subsequent surveys in Washington, Oregon,
and California have been completed during the 2014 and 2015 seasons. Summaries of these
more recent surveys are presented in Table 3.
The murrelet subpopulation in Conservation Zone 6 (central California- Santa Cruz Mountains)
is outside of the Northwest Forest Plan area and is monitored separately by the University of
California as part of an oil-spill compensation program (Henry et al. 2012, p. 2). Surveys in
Zone 6 indicate a small subpopulation of murrelets with no clear trends. Population estimates
from 2001 to 2014 have fluctuated from a high of 699 murrelets in 2003, to a low of 174
murrelets in 2008 (Henry and Tyler 2014, p. 3). In 2014, surveys indicated an estimated
population of 437 murrelets in Zone 6 (95% CI: 306-622) (Henry and Tyler 2014, p. 3) (Table
3).
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Table 2. Summary of murrelet population estimates and trends (2001-2013) at the scale of
Conservation Zones and States (estimates combined across Zones within the Northwest Forest
Plan area).

number
of
murrelets

95% CI
Lower

95% CI
Upper

Average
density (at
sea)
(murrelets
/km2)

Estimated

Zone

Year

Average
annual
rate
of
change
(%)

95%
CI
Lower

95%
CI
Upper

Cumulative
change over
10 years (%)

1

2013

4,395

2,298

6,954

1.26

-3.9

-7.6

0.0

-32.8

2

2013

1,271

950

1,858

0.77

-6.7

-11.4

-1.8

-50.0

3

2013

8,841

6,819

11,276

5.54

+1.3

-1.1

+3.8

+6.2

4

2013

6,046

4,531

9,282

5.22

+1.5

-0.9

+4.0

+16.1

5

2013

71

5

118

0.08

-1.0

-8.3

+6.9

-9.6

Zones 1-5

2013

19,662

15,398

23,927

2.24

-1.2

-2.9

+0.5

-11.3

Zone 6

2013

628

386

1,022

na

na

na

na

na

WA

2013

5,665

3,217

8,114

1.10

-5.1

-7.7

-2.5

-37.6

OR

2013

9,819

6,158

13,480

4.74

0.3

-1.8

2.5

+3.0

CA

2013

4,178

3,561

4,795

2.67

2.5

-1.1

6.2

+28.0

Sources: (Falxa et al. 2015, pp. 41-43; Henry and Tyler 2014, p. 3).

Table 3. Summary of the most recent murrelet population estimates by Zone (2014-2015).

Zone
1
2
3
4
5
6

Year
2015
2015
2014
2015
2013
2014

Estimated
population
95% CI
Lower
2,783
1,883
6,819
7,409
5
306

Estimated
number of
murrelets
4,290
3,204
8,841
8,743
71
437

Estimated
population
95% CI
Upper
6,492
5,609
11,276
13,125
118
622

Average
annual rate of
decline (20012015)
-5.3 %
-2.8 %
nc
nc
nc
nc

Sources: (Henry and Tyler 2014, p. 3; Lance and Pearson 2016, pp. 4-5; NWFPEMP 2016, pp. 2-3).
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Factors Influencing Population Trends
Murrelet populations are declining in Washington, stable in Oregon, and stable in California
where there is a non-significant but positive population trend (Raphael et al. 2015a, p. 163).
Murrelet population size and distribution is strongly and positively correlated with the amount
and pattern (large contiguous patches) of suitable nesting habitat and population trend is most
strongly correlated with trend in nesting habitat although marine factors also contribute to this
trend (Raphael et al. 2015a, p. 156). From 1993 to 2012, there was a net loss of about 2 percent
of potential nesting habitat from on federal lands, compared to a net loss of about 27 percent on
nonfederal lands, for a total cumulative net loss of about 12.1 percent across the Northwest
Forest Plan area (Raphael et al. 2015b, p. 66). Cumulative habitat losses since 1993 have been
greatest in Washington, with most habitat loss in Washington occurring on non-Federal lands
due to timber harvest (Raphael et al. 2015b, p. 124) (Table 4).
Table 4. Distribution of higher-suitability murrelet nesting habitat by Conservation Zone, and
summary of net habitat changes from 1993 to 2012 within the Northwest Forest Plan area.
Change
Change
Conservation Zone
1993
2012
(acres)
(percent)
Zone 1 - Puget Sound/Strait of Juan de Fuca

829,525

739,407

-90,118

-10.9 %

Zone 2 - Washington Coast

719,414

603,777

-115,638

-16.1 %

Zone 3 - Northern to central Oregon

662,767

610,583

-52,184

-7.9 %

Zone 4 - Southern Oregon - northern
California

309,072

256,636

-52,436

-17 %

Zone 5 - north-central California

14,060

16,479

+2,419

+17.2 %

Source: (Raphael et al. 2015b, p. 121).

The decline in murrelet populations from 2001 to 2013 is weakly correlated with the decline in
nesting habitat, with the greatest declines in Washington, and the smallest declines in California,
indicating that when nesting habitat decreases, murrelet abundance in adjacent marine waters
may also decrease. At the scale of Conservation Zones, the strongest correlation between habitat
loss and murrelet decline is in Zone 2, the zone where both murrelet habitat and murrelet
abundance has declined the greatest. However these relationships are not linear, and there is
much unexplained variation (Raphael et al. 2015a, p. 163). While terrestrial habitat amount and
configuration (i.e., fragmentation) and the terrestrial human footprint (i.e., cities, roads,
development) appear to be strong factors influencing murrelet distribution in Zones 2-5;
terrestrial habitat and the marine human footprint (i.e., shipping lanes, boat traffic, shoreline
development) appear to be the most important factors that influence the marine distribution and
abundance of murrelets in Zone 1 (Raphael et al. 2015a, p. 163).
As a marine bird, murrelet survival is dependent on their ability to successfully forage in the
marine environment. Despite this, it is apparent that the location, amount, and landscape pattern
of terrestrial nesting habitat are strongest predictors of the spatial and temporal distributions of
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murrelets at sea during the nesting season (Raphael et al. 2015c, p. 20). Various marine habitat
features (e.g., shoreline type, depth, temperature, etc.) apparently have only a minor influence on
murrelet distribution at sea. Despite this relatively weak spatial relationship, marine factors, and
especially any decrease in forage species, likely play an important role in explaining the apparent
population declines, but the ability to model these relationships is currently limited (Raphael et
al. 2015c, p. 20).
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 population
(Beissinger 1995; Cam et al. 2003; McShane et al. 2004; USFWS 1997). 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), models were used to forecast 40year 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 5) for each conservation zone
to describe population trends and evaluate extinction probabilities (McShane et al. 2004, p. 349).
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
-2.1 to -6.2 percent per decade (McShane et al. 2004, p. 3-52). While these modeled rates of
decline are similar to those observed in Washington (Falxa and Raphael 2015, p. 4), the
simulated projections at the scale of Zones 1-5 do not match the potentially stable or increasing
populations observed in Oregon and California during the 2001-2013 monitoring period.
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Table 5. Rangewide murrelet demographic parameter values based on four studies all using
Leslie Matrix models.
Demographic Parameter
Juvenile Ratio (Ŕ)
Annual Fecundity
Nest Success
Maturation
Estimated Adult
Survivorship

Beissinger
1995

Beissinger and
Nur 1997*

0.10367
0.11848
3

0.124 or 0.131
0.124 or 0.131
3

Beissinger
and Peery
(2007)
0.089
0.06-0.12
0.16-0.43
3

85 % – 90%

85 % – 88 %

82 % - 90 %

McShane et al.
2004
0.02 - 0.09
0.38 - 0.54
2-5
83 % – 92 %

*In U.S. Fish and Wildlife (1997).

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 hatchyear 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 (Ŕ), 1 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 2 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 -&nbsp;&nbsp;Beissinger and Peery 2007, pp. 299, 302), and in
Oregon (0.0254 - 0.0598 - Crescent Coastal Research 2008, p. 13). Estimates for Ŕ (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).

1

The juvenile ratio (Ŕ) for murrelets is derived from the relative abundance of hatch-year (HY; 0-1 yr-old) to afterhatch-year (AHY; 1+ yr-old) birds (Beissinger and Peery 2007, p. 297) and is calculated from marine survey data.
2
Nest success here is defined by the annual number of known hatchlings departing from the nest (fledging) divided
by the number of nest starts.
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These estimates of Ŕ 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 (Beissinger and
Peery 2007, p. 302; USFWS 1997). Even the lower levels of the 95 percent confidence interval
from USFWS (1997) and Beissinger and Peery (2007, p. 302) is greater than the current range of
estimates for Ŕ (0.02 to 0.13 chicks per pair) for any of the Conservation Zones (Table 4).
The current estimates for Ŕ 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 Ŕ 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 surveyderived 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
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 Zones 1 and 2 for the 2001-2014
period (Table 2). The overall population trend from the combined 2001-2013 population
estimates (Conservation Zones 1 - 5) indicate a decline at a rate of -1.2 percent per year (Falxa et
al. 2015, pp. 7-8). This decline across the listed range is most influenced by the significant
declines in Washington, while subpopulations in Oregon and California are potentially stable.
The current range of estimates for Ŕ, 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 (Ŕ = 0.02 to 0.13, Table 4), 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 Ŕ
also appear to be well below what may have occurred prior to the murrelet population decline
(Beissinger and Peery 2007, p. 298).
Considering the best available data on abundance, distribution, population trend, and the low
reproductive success of the species, the Service concludes the murrelet population within the
Washington 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 in
Conservation Zones 1 and 2. Populations in Oregon and California are apparently more stable,
but threats associated with habitat loss and habitat fragmentation continue to occur in those
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areas. The Service 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.
Threats to Murrelet Survival and Recovery
When the murrelet was listed under the Endangered Species Act in 1992, several anthropogenic
threats were identified as having caused the dramatic decline in the species:
•

habitat destruction and modification in the terrestrial environment from timber harvest
and human development caused a severe reduction in the amount of nesting habitat

•

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

•

manmade factors such as mortality from oil spills and entanglement in fishing nets used
in gill-net fisheries.

The regulatory mechanisms implemented since 1992 that affect land management in
Washington, Oregon, and California (for example, the Northwest Forest Plan) and new gillnetting regulations in northern California and Washington have reduced the threats to murrelets
(USFWS 2004, pp. 11-12). However, additional threats were identified in the Service’s 2009, 5year review for the murrelet (USFWS 2009, pp. 27-67). These stressors are due to several
environmental factors affecting murrelets in the marine environment. These stressors include:
•

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.

•

Manmade factors that affect the continued existence of the species include:
o derelict fishing gear leading to mortality from entanglement;
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).
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Since the time of listing, the murrelet population has continued to decline due to lack of
successful reproduction and recruitment. The murrelet Recovery Implementation Team
identified five major mechanisms that appear to be contributing to this decline (USFWS 2012b,
pp. 10-11):
•

Ongoing and historic loss of nesting habitat.

•

Predation on murrelet eggs and chicks in their nests.

•

Changes in marine conditions, affecting the abundance, distribution, and quality of
murrelet prey species.

•

Post-fledging mortality (predation, gill-nets, oil-spills).

•

Cumulative and interactive effects of factors on individuals and populations.

Climate Change
In the Pacific Northwest, mean annual temperatures rose 0.8o C (1.5o F) in the 20th century and
are expected to continue to warm from 0.1o to 0.6o C (0.2o to 1o F) per decade (Mote and Salathe
2010, p. 29). Climate change models generally predict warmer, wetter winters and hotter, drier
summers and increased frequency of extreme weather events in the Pacific Northwest (Salathé et
al. 2010, pp. 72-73). Predicted climate changes in the Pacific Northwest have implications for
forest disturbances that affect the quality and distribution of murrelet habitat. Both the frequency
and intensity of wildfires and insect outbreaks are expected to increase over the next century in
the Pacific Northwest (Littell et al. 2010, p. 130).
One of the largest projected effects on Pacific Northwest forests is likely to come from an
increase in fire frequency, duration, and severity. Westerling et al. (2006, pp. 940-941) analyzed
wildfires and found that since the mid-1980s, wildfire frequency in western forests has nearly
quadrupled compared to the average of the period from 1970-1986. The total area burned is
more than 6.5 times the previous level and the average length of the fire season during 19872003 was 78 days longer compared to 1978-1986 (Westerling et al. 2006, p. 941). The area
burned annually by wildfires in the Pacific Northwest is expected to double or triple by the 2080s
(Littell et al. 2010, p. 140). Wildfires are now the primary cause of murrelet habitat loss on
Federal lands, with over 21,000 acres of habitat loss attributed to wildfires from 1993 to 2012
(Raphael et al. 2015b, p. 123). Climate change is likely to further exacerbate some existing
threats such as the projected potential for increased habitat loss from drought related fire,
mortality, insects and disease, and increases in extreme flooding, landslides and windthrow
events in the short-term (10 to 30 years).
.
Within the marine environment, effects on the murrelet food supply (amount, distribution,
quality) provide the most likely mechanism for climate change impacts to murrelets. Studies in
British Columbia (Norris et al. 2007) and California (Becker and Beissinger 2006) have
documented long-term declines in the quality of murrelet prey, and one of these studies (Becker
and Beissinger 2006, p. 475) linked variation in coastal water temperatures, murrelet prey quality
during pre-breeding, and murrelet reproductive success. These studies indicate that murrelet
recovery may be affected as long-term trends in ocean climate conditions affect prey resources
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and murrelet reproductive rates. While seabirds such as the murrelet have life-history strategies
adapted to variable marine environments, ongoing and future climate change could present
changes of a rapidity and scope outside the adaptive range of murrelets (USFWS 2009, p. 46).
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 20th 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 piledriving 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 1997, p. 114-115). The
general criteria include:
•

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 Service estimates recovery of the murrelet will require at least 50 years (USFWS
1997)
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 populations include
protecting occupied habitat and minimizing the loss of unoccupied but suitable habitat (USFWS
1997, p. 119). Specific actions include maintaining large blocks of suitable habitat, maintaining
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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:
•

increasing productivity (abundance, the ratio of juveniles to adults, and nest success)
and population size;

•

increasing the amount (stand size and number of stands), quality, and distribution of
suitable nesting habitat;

•

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 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 1997, 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 miles off the coast, and 5) habitat within occupied murrelet sites on
private lands (USFWS 1997).
Summary
At the range-wide scale, murrelet populations have declined at an average rate of 1.2 percent per
year since 2001. The most recent population estimate for the entire Northwest Forest Plan area
in 2013 was 19,700 murrelets (95 percent CI: 15,400 to 23,900 birds) (Falxa et al. 2015, p. 7).
The largest and most stable murrelet subpopulations now occur off the Oregon and northern
California coasts, while subpopulations in Washington have experienced the greatest rates of
decline (-4.4 percent per year; 95% CI: -6.8 to -1.9%) (Lance and Pearson 2016, p. 5).
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Monitoring of murrelet nesting habitat within the Northwest Forest Plan area indicates nesting
habitat declined from an estimated 2.53 million acres in 1993 to an estimated 2.23 million acres
in 2012, a decline of about 12.1 percent (Raphael et al. 2015b, p. 89). Murrelet population size is
strongly and positively correlated with amount of nesting habitat, suggesting that conservation of
remaining nesting habitat and restoration of currently unsuitable habitat is key to murrelet
recovery (Raphael et al. 2011, p. iii).
The species decline has been largely caused by extensive removal of late-successional and old
growth coastal forest which serves as nesting habitat for murrelets. Additional factors in its
decline include high nest-site predation rates and human-induced mortality in the marine
environment from disturbance, gillnets, and oil spills. In addition, murrelet reproductive success
is strongly correlated with the abundance of marine prey species. Overfishing and
oceanographic variation from climate events have likely altered both the quality and quantity of
murrelet prey species (USFWS 2009, p. 67).
Although some threats have been reduced, most continue unabated and new threats now strain
the ability of the murrelet to successfully reproduce. Threats continue to contribute to murrelet
population declines through adult and juvenile mortality and reduced reproduction. Therefore,
given the current status of the species and background risks facing the species, it is reasonable to
assume that murrelet populations in Conservation Zones 1 and 2 and throughout the listed range
have low resilience to deleterious population-level effects and are at high risk of continual
declines. Activities which degrade the existing conditions of occupied nest habitat or reduce
adult survivorship and/or nest success of murrelets will be of greatest consequence to the species.
Actions resulting in the further loss of occupied nesting habitat, mortality to breeding adults,
eggs, or nestlings will reinforce the current murrelet population decline throughout the
coterminous United States.
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Figure 1. The six geographic areas identified as Conservation Zones in the recovery plan for the
marbled murrelet (USFWS 1997). Note: “Plan boundary” refers to the Northwest Forest Plan.
Figure adapted from Huff et al. (2006, p. 6).
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Appendix E
Status of the Species: Short-Tailed Albatross
Species Description
The short-tailed albatross is a large pelagic seabird with long narrow wings adapted for soaring
just above the water’s surface. It is within the family Diomedeidae, in the order of tubenosed
marine birds (Procellariiformes). Until recently, it had been assigned to the genus Diomedea.
Following the results of genetic studies by Nunn et al. (1996), the family Diomedeidae was
arranged in four genera. The genus Phoebastria (North Pacific albatrosses) now includes the
short-tailed albatross, the Laysan albatross (P. immutabilis), the black-footed albatross (P.
nigripes), and the waved albatross (P. irrorata) (American Ornithologists' Union 1998). The
largest albatross species in the North Pacific, the short-tailed albatross has a body length from 84
to 94 cm and a wingspan from 213 to 229 cm. Shortly after fledging, juveniles develop a
distinctive pink color on their bills; the tips of which become progressively blue as the birds age.
Sub-adults have dark blackish-brown feathers, but as the birds mature their body feathers
become white and adults develop a yellow-gold crown and nape. Short-tailed albatross are the
only North Pacific albatross that have a completely white back when mature (USFWS 2008, p.
1).
Status and Distribution
The short-tailed albatross was federally listed as endangered throughout its range, including the
United States, on July 31, 2000 (65 FR 147:46643). At the time of listing, designation of critical
habitat was determined to be not prudent (65 FR 147:46651). Historically, the short-tailed
albatross was probably the most abundant albatross in the North Pacific, with 14 known breeding
colonies (Olson and Hearty 2003). However, from the late 1800’s, millions were hunted for
feathers, oil, and fertilizer (USFWS 2008, p. 3), and by 1949 the species was thought to be
extinct. The species began to recover during the 1950’s and currently occurs throughout the
North Pacific Ocean.
Short-tailed albatross occurrence in the North Pacific Ocean is often focused on areas along the
edge of the continental shelf and other hotspots where the contour of the seafloor creates
upwelling (Piatt et al. 2006, Suryan et al. 2006, p. 383). Juveniles appear to disperse more
broadly throughout the range than adults, and the majority of short-tailed albatross off the west
coast of the United States are immature (McDermond and Morgan 1993).
Current Population Status
Short-tailed albatross breed on remote islands in the North Pacific Ocean (Figure 1). Torishima,
a Japanese island that is an active volcano, is estimated to contain 80 to 85 percent of the existing
breeding population in two main breeding colonies: Hatsunezaki and Tsubamezaki. The 2013 2014 population was 609 breeding pairs (or 1,218 breeding adults, (USFWS 2014, p. 8).
Assuming that 25 percent of breeding-age adults do not return to breed each year (Hasegawa, H.,
Toho University, pers. comm. in USFWS 2014, p. 8), this would represent an adult population of
1,624 at Torishima at the start of the 2013 - 2014 nesting season.
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The breeding colony in the Senkaku (or Diaoyutai) Islands is in disputed ownership among
China, Japan, and Taiwan, and is politically difficult to access. As a result, this breeding
population has not been surveyed since 2002. The estimates of the Senkaku population data are
extrapolated from the 2002 data under the assumption that factors affecting population growth
have remained similar to those observed on Torishima. Under this assumption, the total adult
breeding population is estimated to be 220 in 2013 - 2014. Assuming that 25 percent of the
adults do not return to breed each year, we estimate the population of breeding-age adults that
potentially nest on the Senkaku Islands to be about 293 at the start of the 2013 - 2014 nesting
season. Population estimates are calculated using a deterministic population model (Sievert, P.,
unpublished data 2014 in USFWS 2015, p. A-8).
In 2008, 10 chicks were translocated to a former colony site on Mukojima, a non-volcanic island,
south of Torishima in the hope of re-establishing a colony on this island. All chicks in this group
survived to fledging. From 2009 through 2012, an additional 15 chicks per year have been
moved to Mukojima and reared to fledging. All but one of the 70 chicks fledged successfully.
The relocation effort may be attracting additional breeding adults to this island; an egg was laid
by a pair in 2012 and again in 2013.
In the Northwestern Hawaiian Islands, one pair was breeding at Midway Atoll (having fledged a
chick in 2011, 2012, and 2014) and another suspected female-female pair has been attempting to
breed at Kure Atoll since 2010. The hatching in 2011 marked the first confirmed hatching of a
short-tailed albatross outside of the islands surrounding Japan in recorded history. Prior to that,
observations of infertile short-tailed albatross eggs and reports from the 1930’s suggested that
short-tailed albatross may have nested on Midway Atoll in the past.
As of 2013 - 2014, there were also two breeding sites with one pair each in the Ogasawara
(Bonin) Islands and on Nakodo-jima near Mukojima. The total population estimate for breeding
age short-tailed albatrosses as of the 2013 - 2014 nesting season is 1,928 individuals. Assuming
that adults comprise 50 percent of the total population of short-tailed albatross (based on the age
structure of the Torishima population), we estimate the total population at the end of the 2013 2014 breeding season to include 472 fledglings, and 55 chicks for a total population of 4,354
individuals. The population growth rate is determined by annual increases in eggs laid (by
breeding pairs) at Torishima. The 3-year running average population growth rate since 2000 is
estimated to be 7.5 percent and ranges from 5.2 to 9.4 percent (USFWS 2014, p. 9).
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Figure 1. Short-tailed albatross breeding locations in the North Pacific. Specific islands and their
island groups are indicated.

Distribution
Juveniles and younger sub-adult birds (up to two years old) have a wider range than adults and
can be found in the Sea of Okhotsk, a broader region of the Bering Sea, and the west coast of
North America (O'Connor 2013); Figure 2). Sub-adult birds also travel greater daily distances
(mean = 191 km/day [119 mi/day] in first year of flight, 181 km/day [112 mi/day] in second year
of flight; (O'Connor 2013)) than adults (133 km/day [83 mi/day]; (Suryan et al. 2007, p. 453)).
Post-fledging juvenile birds ranged widely throughout the North Pacific rim, and some
individuals also spent time in the oceanic waters between Hawaii and Alaska (Deguchi et al.
2014). Although the highest concentrations of short-tailed albatross are found in the Aleutian
Islands and Bering Sea (primarily outer shelf) regions of Alaska, sub-adults appear to be
distributed along the west coast of the U.S. more than has been previously reported (Guy et al.
2013).
Life History
The short-tailed albatross is a colonial, annual breeding species; each breeding cycle lasts about
eight months. Birds may breed at five years of age, but first year of breeding is more commonly
at age six (Hasegawa, H., Toho University, pers. comm. in USFWS 2008, p. 10, USFWS 2014).
Short-tailed albatross are monogamous and highly philopatric to nesting areas (they return to the
same breeding site year after year). However, young birds may occasionally disperse from their
3

natal colonies to attempt to breed elsewhere, as evidenced by the appearance of adult birds on
Midway Atoll that were banded as chicks on Torishima (Richardson 1994 in USFWS 2015, p.
A-10).
Birds arrive on Torishima in October, but as many as 25 percent of breeding age adults may not
return to the colony in a given year (Hasegawa, H., Toho University, pers. comm. in USFWS
2008, p. 10). A single egg is laid in late October to late November, and is not replaced if
destroyed (Austin Jr 1949). Bi-parental incubation lasts 64 to 65 days. Parents alternate
foraging trips that may last 2 to 3 weeks while taking turns at incubating. When one bird is
foraging, the other stays on the nest without eating or drinking for up to 24 days (Sato, F.,
Yamashina Institute, pers. comm. in USFWS 2015, p. A-11).

Figure 2. Locations of 99 short-tailed albatrosses tracked between 2002 - 2012, showing adult
and juvenile distributions in the North Pacific (Deguchi et al. 2014; Suryan et al. 2006; 2007;
2008a; Suryan and Fischer 2010). White lines represent the exclusive economic zones of
countries within the range of short-tailed albatrosses.

Hatching occurs from late December through January (Hasegawa and DeGange 1982). For the
first few days after hatching the chick is fed on stomach oil that is very rich in calories and
Vitamin A. This oil also provides a source of water once metabolized, which is important when
chicks may be left for several days in high temperatures on dry islands. Soon after hatching, the
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chicks are fed more solid food, such as squid and flying fish eggs. During the first few weeks
after hatching, one adult broods the chick and the other forages at sea. Later, when the chick can
regulate its body temperature, both parents leave their chick, while they forage simultaneously.
During the brood-rearing period, most foraging bouts are along the eastern coastal waters of
Honshu Island, Japan (Suryan et al. 2008a).
Chicks begin to fledge in late May into June (Austin Jr 1949). By late May or early June, the
chicks are almost fully grown, and the adults begin abandoning the colony site (Hasegawa and
DeGange 1982; Suryan et al. 2008b). The chicks fledge soon after the adults leave the colony.
By mid-July, the breeding colony is empty (Austin Jr 1949). Non-breeders and failed breeders
disperse earlier from the breeding colony, during late winter through spring (Hasegawa and
DeGange 1982, p. 808). In summer (the nonbreeding season), short-tailed albatross disperse
widely throughout the temperate and subarctic North Pacific Ocean (Suryan et al. 2007; Sanger
1972 in USFWS 2008, p. 3).
Juvenile (less than 1 year old) short-tailed albatrosses travel much more broadly throughout the
North Pacific than adult birds. Seasons of overlap in telemetry tracking of non-breeding adult
and juvenile/sub-adult short-tailed albatrosses (those individuals not having to return to the
breeding colony to tend eggs or chicks) included summer and early fall (May-September).
During summer and early fall, juvenile short-tailed albatrosses traveled extensively in the Sea of
Okhotsk, Russia, and western Bering Sea where few adults ventured. Juvenile short-tailed
albatrosses also traveled to the west coast of North America and more extensively throughout the
North Pacific transition zone between Hawaii and Alaska. From multi-year tracking studies of
juvenile to sub-adult birds, we see that distribution patterns and habitat use of sub-adult birds
become similar to adults by age three (Suryan et al. 2013, p. 9).
Foraging Ecology and Diet
The diet of short-tailed albatross is not well-known, but observations of food brought to nestlings
and of regurgitated material (Austin Jr 1949, p. 286), as well as at-sea observations during
feeding indicate that the diet includes squid, shrimp, fish (including bonitos [Sarda sp.], flying
fishes [Exocoetidae] and sardines [Clupeidae]), flying fish eggs, and other crustaceans
(Hasegawa and DeGange 1982, p. 811; Tickell 1975 and 2000 in USFWS 2008, p. 14). This
species has also been reported to scavenge discarded marine mammals and blubber from whaling
vessels, and they readily scavenge fisheries offal (Hasegawa and DeGange 1982, p. 811). Shorttailed albatross forage diurnally and possibly nocturnally (Hasegawa and DeGange 1982, p.
811), either singly or in groups (occasionally in the 100’s, (Piatt et al. 2006, p. 391))
predominantly taking prey by surface-seizing (Hasegawa and DeGange 1982, p. 811; Piatt et al.
2006, p. 394; Prince and Morgan 1987 in USFWS 2014, p. 14).
In an analysis of historic and current distribution of North Pacific albatrosses, Kuletz et al. (2014,
p. 290) speculated that the increase in albatrosses (including short-tailed albatross) and changes
in their distribution over the last decade was due to possible increases in squid biomass in the
Bering Sea/Aleutian Islands region. Overall the much higher abundance of albatrosses in the
Aleutians compared to the Bering Sea mirrored the relative density of squid, which is estimated
to be approximately seven times higher in the Aleutians (Ormseth 2014, p. 1906).
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Threats
Habitat Alteration and Loss
Habitat destruction from volcanic eruption continues to pose a significant threat to short-tailed
albatross at the primary breeding colony on Torishima (USFWS 2014, p. 15). The main colony
site, Tsubamezaki, is on a sparsely vegetated steep slope of loose volcanic soil that is subject to
severe erosion, particularly during monsoon rains. A landslide at Tsubamezaki buried up to 10
chicks in February 2010 (Yamashina Institute for Ornithology, unpublished data in USFWS
2014, p. 15). Future eruptions or landslides could result in a significant loss to the primary
nesting area and the population as a whole.
Global Changes
Climate change impacts to short-tailed albatrosses could include changes to nesting habitat or
changes to prey abundance or distribution. Fortunately, the nesting habitats on Torishima, the
Ogasawara Islands, and the Senkaku Islands are high enough above sea level (above 20 m [70
ft]) to avoid inundation by projected sea level rise. Models for the Northwestern Hawaiian
Islands indicate nesting habitat used by short-tailed albatrosses on low-lying Midway and Kure
Atolls is likely to be lost by the end of the century due to sea level rise and increased storm
frequency and intensity (Storlazzi et al. 2013, pp. 28-29).
Sea-ice retreat in the Arctic (see “Habitat or Ecosystem Conditions”) may potentially open new
foraging habitat or provide a new migration corridor between the Pacific and Atlantic Oceans. A
juvenile short-tailed albatross was recently sighted in the Arctic (Chukchi Sea) and evidence
from other species (e.g., northern gannet (Morus bassanus), ancient murrelet (Synthliboramphus
antiquus)) indicates some bird species might use ice free portions of the Arctic as a migration or
population dispersion route (Gall et al. 2013, p. 56).
Commercial Fishing
Sightings of short-tailed albatross in the West Coast National Marine Fisheries Service (NMFS)
observer programs are relatively common compared to some other fisheries. For example, in
Hawaiian longline fisheries, 100 percent observer coverage has yielded 16 sightings between
2000 and 2010; one in 2000, two in 2004, three in 2007, three in 2008, three in 2009, and four in
2010. Considerably lower observer coverage in the West Coast NMFS Observer Program has
yielded 95 short-tailed albatross sightings between 2001 and 2011; four in 2001, 14 in 2002, five
in 2003, five in 2004, five in 2005, four in 2006, three in 2007, two in 2008, 16 in 2009, 18 in
2010, and 19 in July 2011. The higher rate of sightings along the west coast compared to Hawaii
is consistent with the species’ primary use of continental shelf margins when not nesting.
Since 2009, five short-tailed albatross mortalities associated with commercial fisheries have been
reported, three in the Alaskan cod fishery one in the Pacific Coast groundfish fishery, and one
during bycatch mitigation research in Japan (Table 1).
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Table 1. Known short-tailed albatross mortalities associated with North Pacific and west coast
fishing activities since 1983
Date

Fishery

Observer
program

Bird age

Location

Source

7/15/1983

Net

No

4 months

Bering Sea

USFWS (2008)

10/1/1987

Halibut

No

6 months

Gulf of Alaska

USFWS (2008)

8/28/1995

IFQ sablefish

Yes

1 year

Aleutian Islands

USFWS (2008)

10/8/1995

IFQ sablefish

Yes

3 years

Bering Sea

USFWS (2008)

9/27/1996

Hook-and-line

Yes

5 years

Bering Sea

USFWS (2008)

4/23/1998

Russian salmon drift net

n/a

Hatch-year

Bering Sea, Russia

USFWS (2008)

9/21/1998

Pacific cod hook-and-line

Yes

8 years

Bering Sea

USFWS (2008)

9/28/1998

Pacific cod hook-and-line

Yes

Sub-adult

Bering Sea

USFWS (2008)

7/11/2002

Russian (unknown)

n/a

3 months

Sea of Okhotsk,
Russia

YIO (2011)

8/29/2003

Russian demersal longline

n/a

3 years

Bering Sea, Russia

YIO (2011)

8/31/2006

Russian (unknown)

n/a

1 year

Kuril Islands, Russia

YIO (2011)

8/27/2010

Cod freezer longline

Yes

7 years

9/14/2010

Cod freezer longline

Yes

3 years

4/11/2011

Sablefish demersal longline

Yes

1 year

Pacific Ocean/Oregon

USFWS (2012)

10/25/2011

Cod freezer longline

Yes

1 year

Bering Sea

NOAA (2011)

Bering Sea/Aleutian
Islands
Bering Sea/Aleutian
Islands

NOAA (2010)
NOAA (2010)

Longline, seabird bycatch
YIO pers.
No
1 year
Pacific Ocean, Japan
mitigation research
comm. (2014)
(Data from USFWS unpublished data and Ozaki, K., Yamashina Institute, pers. comm. in USFWS 2014, p. 17)
5/24/2013

Domestic and international efforts have been ongoing to minimize fisheries impacts on shorttailed albatross. Threats have been reduced in some areas through the establishment or
improvement of regulations to minimize seabird bycatch, including within the U.S. Pacific Coast
groundfish fishery and in the longline tuna fishery in Japan (USFWS 2012 and Fisheries Agency
of Japan 2009 in USFWS 2014, p. 22). Even with regulatory measures to minimize impacts on
short-tailed albatross (including required use of long-line deterrent devices [streamers or tori
lines] and implementation of observer programs), bycatch and other injury and mortality
associated with fisheries in the North Pacific remain a concern, and the magnitude of the ongoing
impacts is uncertain.
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Commercial fishing in Russia
Russian longline cod fisheries implemented experimental use of streamers in 2004 - 2008
(Artukhin et al. 2013). The frequency of reported seabird attacks was 5 to 9 times lower on boats
with paired streamers, and total catch of fish was 4 to 12 percent higher. The study
recommended wide application of streamer line in the Far Eastern Seas of Russia. Although
consistent funding has been a problem, the World Wildlife Fund has continued to work with
Russian partners to educate the Russian commercial fishing communities about the benefits of
using streamer lines and promote their use to reduce seabird bycatch and improve fishing success
(World Wildlife Fund 2014).
Commercial Fishing in Japan
Japan developed a National Plan of Action for seabird conservation and management (Fisheries
Agency of Japan 2004 and 2009 in USFWS 2014, p. 19). In areas where short-tailed albatrosses
occur (north of 23 °N latitude), vessels must employ two of the following measures, one of
which must be from the first four listed, and streamer lines are obligatory within 32 km (20 mi)
of Torishima in October through May: side setting with a bird curtain and weighted branch lines,
night setting with minimum deck lighting, streamer (tori) lines, weighted branch lines, blue-dyed
bait, deep setting line shooter, and/or management of offal discharge. Japan has also
implemented an observer program on their longline and purse seine fisheries to observe bycatch
of non-target species, including seabirds (Uosaki et al. 2014). The only observed seabirds
incidentally caught north of the 23 °N latitude were a black-footed albatross in 2012 and an
unidentified petrel in 2013 (Uosaki et al. 2014). However, only a small percentage of deployed
hooks are observed.
Japanese fishermen pioneered the use of streamer (tori) lines to deter seabirds, and researchers
have continued to assess their use. Researchers have continued to examine methods to improve
the effectiveness of streamer lines, Yokota et al. (2011 in USFWS 2014) and Sato et al. (2012)
assessed types and lengths of streamers for their effectiveness and found that lighter lines with
shorter streamers are as effective as those with long streamers, although the shorter lines are
thought to be safer and less likely to tangle. Sato et al. (2013) further examined the use of paired
versus single streamer lines and determined that paired lines were more effective than single
lines in reducing bait attacks and seabird mortality. The continuing research by Japan has been
an important contribution to minimizing longline fisheries bycatch of short-tailed albatrosses.
Driftnet Fishing in the North Pacific
United Nations General Assembly Resolutions 44/225, 45/197, and 46/215 (United Nations
1989; 1990; 1991) called for a global driftnet moratorium on the high seas by June 30, 1992, and
the resolution has been re-adopted biennially. NMFS and the State Department work to
implement the moratorium for the United States. According to NMFS (2013), high seas driftnet
fishing continues to occur in the North Pacific Ocean. The fishing effort targets species of squid
and occurs toward the end of the fishing season. Both of these factors increase the threat to
short- tailed albatrosses. While the numbers of sightings and apprehensions of vessels driftnetting in the North Pacific high seas appear to be decreasing, non-compliance with the
moratorium continues to pose a risk of mortality to short-tailed albatrosses entangled in nets.
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Canadian fishing Operations
Off Canada’s west coast, deployment of seabird avoidance gear has been mandatory for all hook
and line groundfish fisheries since 2002 - 2005. Most bycatch monitoring in these fisheries is
done by on-board Electronic Monitoring Systems. Following each fishing trip, approximately 10
percent of the imagery is audited. Although there have been no reported takes of short-tailed
albatross bycatch in the groundfish fisheries, in a recent examination of imagery collected
between 2006 and 2012, 79 albatrosses were detected; a third of which were identified only as
“albatross species”. Based on the proportions of sets audited, an estimated 120 albatrosses were
predicted to have been caught each year (range 0 - 269). Given the high proportion of
albatrosses that are not identified to species and the fact that more than a third of all birds
detected during the audits were listed as “unidentified bird”, one might expect that one or two
short-tailed albatrosses are killed each year in Canadian west coast groundfish longline fisheries
(Committee on the Status of Endangered Wildlife in Canada and Burger 2013).
Contaminants
Radiation
Approximately 80 percent of the radiation released from the Fukushima Daiichi Nuclear Plant,
which was damaged by a March 11, 2011 earthquake and tsunami, was believed to have entered
the Pacific Ocean (Tanabe and Subramanian 2011; Steinhauser et al. 2013 and 2014 in USFWS
2014, p. 23). The area east of the plant is a primary feeding area for nesting short-tailed
albatrosses. Although recent analysis has shown no detectable levels of radiation in short-tailed
albatross, the impact of these continuing releases on short-tailed albatrosses or their food
resources is unknown (USFWS 2014, p. 23).
Organochlorines, pesticides and metals
Albatross and other birds may be exposed to organochlorine contaminants such as
polychlorinated biphenyls (PCBs) and pesticides, and to toxic metals (e.g., mercury, lead) via
atmospheric and oceanic transport. Vo et al. (2011, entire) examined mercury and
methylmercury in tissues of black-footed albatross. They compared the levels of mercury and
methylmercury in museum specimens (n = 25) from a 120-year collection period (1880 - 2002).
They found no temporal trend in mercury concentrations, but measured significantly higher
concentrations of methylmercury through time. Finkelstein et al. (2007 in USFWS 2014, p. 23)
found mercury concentrations in blackfooted albatross were associated with decreased immune
response. Similar effects would be expected for short-tailed albatross. High concentrations of
lead at Midway Atoll are a concern. Taylor et al. (2009, p. 25) described neurological impacts of
lead-based paints on Laysan albatross chicks. Since then, the Service has initiated removal and
remediation of lead-based paint and contaminated soils on Sand Island (USFWS 2010, entire).
Although only one pair has successfully nested on Midway at Eastern Island, this remediation
will reduce exposure to any offspring or future nesting birds on Sand Island. The degree to
which any of these or other toxins impact short-tailed albatross remains uncertain and further
research is needed to examine the prevalence of these contaminants in short-tailed albatrosses
and their impact on the population.
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Plastics
Plastics have been found in most, if not all, species of albatross. Both black-footed and Laysan
albatross are well known to ingest plastics in the course of foraging. Ingestion of plastics may
cause starvation, suppressed appetite and reduced growth, depressed weight at fledging,
decreased fat deposition, increased assimilation of toxins including polychlorinated biphenyls
and organochlorides, and obstruction in the gut (Auman et al. 1997). Lavers and Bond (in
USFWS 2014, p. 25) have recently examined the role of plastic as a vector for trace metals in
Laysan albatrosses. Lavers et al. (2014) studied sub-lethal effects of plastic ingestion in fleshfooted shearwaters (Puffinus carneipes) and found birds with high levels of ingested plastic
exhibited reduced body condition and increased contaminant load (p < 0.05). Tanaka et al.
(2013, entire) analyzed polybrominated diphenyl ethers in the abdominal adipose of short-tailed
shearwaters (Puffinus tenuirostris). Some of the birds were found to contain higher-brominated
constituents (BDE 209 and BDE 183), which were not present in their pelagic fish prey. These
same birds were found to contain plastics in their stomach. Plastic ingestion is therefore not only
a direct dietary risk but may contribute to chronic accumulation of contaminants that adhere to
and are absorbed by plastics. Ingested plastics generally do not pass in the intestines of seabirds,
most adults have the ability to regurgitate at least some plastic (Laist 1987, p. 321). If seabirds
do not regurgitate it, plastic can remain in their stomachs for up to two years (Ryan and Jackson
1987, p. 218). Adult albatross can regurgitate plastics when feeding chicks (Blight and Burger
1997, p. 323; Laist 1987, p. 321; Pettit et al. 1981, p. 840). Plastics ingested by adults anywhere
in the North Pacific have the potential to harm chicks due to the length of time plastics can
persist within birds and the potential for adults to regurgitate plastics when feeding chicks.
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APPENDIX F
STATUS OF THE SPECIES: BULL TROUT CORE AREAS
LOWER SKAGIT
STILLIGUAMISH
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Appendix F
Bull Trout Core Areas: Lower Skagit, Stillaguamish-Skykomish, and Snohomish

LOWER SKAGIT CORE AREA
The Lower Skagit core area comprises the Skagit basin downstream of Seattle City Light’s
Gorge Dam, including the mainstem Skagit River and the Cascade, Sauk, Suiattle, White Chuck,
and Baker Rivers, including the reservoirs (Baker Lake, Lake Shannon) upstream of upper and
lower Baker Dams.
Bull trout occur throughout the Lower Skagit core and express fluvial, adfluvial, resident, and
anadromous life history forms. Adfluvial bull trout occur in Baker Lake and Lake Shannon.
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 (Kraemer 2001, p. 2). Populations
expressing the resident life history form are found throughout the basin and often co-occur with
migratory life history forms. Life history expression of bull trout is highly plastic. Individual
fish may change life histories during their lifetime (USFWS 2008a, p. 2). Also, life history of
progeny may vary from that of the parents (Brenkman et al. 2007, pp. 8-9; Rieman and McIntyre
1993, pp. 2-3).
Many subadult and adult bull trout use the lower river, estuary, and nearshore marine areas
extensively for rearing and foraging. Key spawning and early rearing habitat, found in the upper
portions of much of the basin, is generally on federally protected lands, including the North
Cascades National Park, North Cascades National Recreation Area, Glacier Peak Wilderness,
and Henry M. Jackson Wilderness Area.
The Lower Skagit core area population is considered at “low risk” for extirpation (USFWS
2008b, p. 35). This core area is one of four population strongholds in the Coastal Recovery Unit
(USFWS 2015a, p. 79). The status of the bull trout core area population can be summarized by
four key elements necessary for long-term viability: 1) number and distribution of local
populations, 2) adult abundance, 3) productivity (i.e., trend in adult abundance), and 4)
connectivity (USFWS 2004, p. 215).
Number and Distribution of Local Populations
Twenty local populations are recognized within the Lower Skagit core area (USFWS 2004, p.
76; USFWS 2015b, p. A-148): 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) Sulphur Creek (Lake Shannon), 17) Tenas
Creek, 18) Upper South Fork Sauk River, 19) Upper Suiattle River, and 20) Upper White Chuck
River. Core areas with more than 10 interconnected local populations are at a diminished risk of
local extirpation and adverse effects from random naturally-occurring events (USFWS 2004, pp.
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216-218). Eighteen local populations within the Lower Skagit core area are interconnected.
Connectivity of two local populations with the rest of the core area is partially obstructed (see
Connectivity section below).
Adult Abundance
The Lower Skagit core area is believed to contain the largest spawning population of bull trout in
Washington. Adult abundance is estimated to be between 5,000 and 10,000 individuals based on
partial spawner survey data from less than half of the core area (USFWS 2008a, p. 3). This core
area is not considered at risk from genetic drift because it supports more than 1,000 adults
(USFWS 2004, pp. 218-224). However, some local populations may be at risk from inbreeding
depression because they appear to contain fewer than 100 adults (USFWS 2004, pp. 218-224).
At least half of the local populations are believed to have 100 or more adults, and thus are not at
risk from inbreeding depression. Abundance data for most local populations are limited and/or
outdated. These data are described below. More recent and/or higher quality survey data for
most local populations are needed to reach more confident conclusions.
The WDFW conducted surveys in index reaches of six local populations from 2001 to 2011
(Downen 2009; Fowler 2012), although not every local population was surveyed in every year.
It is uncertain what proportion of available habitat was represented by the surveyed index
reaches. Therefore, survey results represent minimum abundances. Unless otherwise noted, the
following adult abundances are based on redd survey results. Survey years are noted in
parentheses.
Bacon Creek: 42 to 134 adults (2009 to 2011); 118 to 300 adults (2001 to 2008).
Cascade River: 182 to 414 adults (2009 to 2011); 666 to 868 adults (2006 to 2008).
Downey Creek: 190 to 282 adults (2009 to 2011); 316 to 394 adults (2005 to 2008).
Forks of Sauk River: 154 to 416 adults (2005 to 2011); 350 to 740 adults (2001 to 2004);
10 to 104 adults (1988 to 1996).
Goodell Creek: 25 to 63 adults (2004 to 2008); 150 to 175 adults (2002 to 2003).
Abundances are peak live counts of individual fish.
Illabot Creek: 100 to 260 adults (2005 to 2008); 600 to 660 adults (2002 to 2004).
Puget Sound Energy has performed limited bull trout surveys annually in the Baker Lake and
Sulphur Creek (Lake Shannon) local populations since 2009. Similar surveys were performed by
the National Park Service and/or R2 Consulting from 2000 to 2006. Surveys have been intended
to provide indicators of relative, not absolute, abundance. Nonetheless, surveys suggest the
following:
Baker Lake: May contain at least 100 adults, but likely fewer than 500.
Sulphur Creek (Lake Shannon): Less than 100 adults.
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For all other local populations, there are no recent adult abundance data. In 2001, the WDFW
provided abundance estimates for many core areas (Kraemer 2001). However, the methods and
assumptions used to derive these estimates were not described; therefore, the quality and
accuracy of these estimates is uncertain.
Buck Creek: Less than 500 migratory adults. “Abundant” residents believed to be near
historical numbers.
Lime Creek: Less than 100 migratory adults. “Abundant” residents.
Lower White Chuck River: Less than 500 migratory adults. “Abundant” residents
believed to be near historical numbers.
Newhalem Creek: Unknown abundance.
Milk Creek: Limited migratory use presumably due to natural factors. “Abundant”
residents believed to be near historical numbers.
South Fork Cascade River: Less than 500 migratory adults. “Abundant” residents
believed to be near historical numbers.
Straight Creek: Less than 100 migratory adults. “Unknown” resident component.
Sulphur Creek: Less than 500 migratory adults. “Abundant” residents believed to be near
historical numbers.
Tenas Creek: Less than 100 migratory adults. “Limited” resident component.
Upper South Fork Sauk River: Less than 500 migratory adults. “Abundant” residents
believed to be near historical numbers.
Upper Suiattle River: “Unknown” abundance of migratory and resident forms.
Upper White Chuck River: “Unknown” abundance of migratory and resident forms, but
believed to be one of the larger local populations, presumably due to the quantity
and quality of habitat.
Productivity
Most local populations are not consistently monitored; therefore, trends in abundance are
unknown. Data from the six local populations monitored by the WDFW (Downen 2009; Fowler
2012) suggest that a basin-wide decline in productivity occurred in the mid-2000’s (see Adult
Abundance section above). Unusually low summer flows and record flood events in the mid2000’s may have been primary contributors to this decline. It is unknown if productivity is
continuing to decline or has stabilized. This uncertainty is due to the following: 1) the relatively
recent timing of the decline; 2) lack of any abundance data more recent than 2011; and, 3)
inherent inter-annual variability in bull trout abundance surveys. Any persistent and widespread
decline in productivity across the core area would increase the risk of extirpation (USFWS 2004,
pp. 224-225). More recent and/or higher quality survey data for most local populations are
needed to reach more confident conclusions.
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Long-term monitoring data from the Forks of Sauk River local population suggests that this local
population remains at abundances greater than pre-listing levels despite the apparent recent
decline in productivity. The extent to which this is true for other local populations is unknown.
Monitoring data from 2009 to 2014 for the Baker Lake and Sulphur Creek (Lake Shannon) local
populations suggest stable or increasing trends in productivity, likely due to recent intensive
sockeye salmon hatchery production and fry releases into the lakes.
Connectivity
There are no connectivity barriers between 18 of the 20 local populations, and most, if not all, of
these local populations contain migratory life history forms. Thus, there are no extirpation risks
associated with connectivity among these local populations. Connectivity within the Baker
River system, and between the Baker River system and other local populations, is partially
obstructed by two hydropower dams owned and operated by Puget Sound Energy. Bull trout
passage across the dams has improved with the construction of new passage infrastructure
(floating surface collectors for downstream migrants; adult trap-and-haul facility for upstream
migrants) and implementation of improved passage protocols. These were negotiated as part of
the 2004 Settlement Agreement and 2008 Federal Energy Regulatory Commission license
renewal. The overarching bull trout passage strategy is the most effective one that can be
achieved with the dams in place. However, there are limitations that prevent the passage
measures from being fully effective, which places the two local populations above the dams Baker Lake and Sulphur Creek (Lake Shannon) - at increased risk of extirpation. The Service
works closely with Puget Sound Energy to monitor passage effectiveness and make
improvements where possible.
Currently, bull trout in the Lower Skagit core area can migrate upstream only as far as Gorge
Dam. Historically, bull trout may have been able to migrate as far as the current site of Diablo
Dam (USFWS 2004, p. 77), approximately 4 miles upstream from Gorge Dam.
Changes in Environmental Conditions
Since the bull trout listing, federal actions occurring in the Lower Skagit core area have had
short- and long-term effects to bull trout and bull trout habitat, and have both positively and
negatively affected bull trout. These actions have included: statewide federal restoration
programs with riparian restoration, replacement of fish passage barriers, and fish habitat
improvement projects; federally funded transportation projects involving repair and protection of
roads and bridges; federally authorized repair and maintenance of levees and emergency bank
protection actions; and section 10(a)(1)(B) permits for Habitat Conservation Plans 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.
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Carpenter, Turner, Otter Pond, Red, Fisher, Hansen, Lake, Nookachamps, and East Fork
Nookachamps Creeks are all temperature-impaired tributaries to the Skagit River within the
Lower Skagit core area. These creeks are addressed in a TMDL study of the lower Skagit basin
(WDOE 2008, p. 18).
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. State fishing regulations allow
a daily limit of two fish within the Lower Skagit core area. Emergency regulations were
implemented in 2007 within sections of the Skagit River to prohibit the retention of bull trout to
address the decline in bull trout spawners that had been observed. These declines may have been
the result of drought and flood events. Changes in fishing regulations were implemented in 2008
by WDFW within portions of the Skagit, Sauk, and Cascade Rivers, including new selective gear
rules and catch and release requirements (USFWS 2008a, p. 12)
A number of major restoration and conservation land protection projects have been completed in
the Skagit River watershed that improve and protect bull trout habitat. Many of these projects
were implemented as the result of project prioritization processes and state and federal funding
coordinated by the Skagit Watershed Council (E. Connor, Seattle City Light, pers. comm. 2008
in USFWS 2008a, p. 12). Major restoration projects that have been implemented or completed
since 2004 include the Milltown Island and Wiley Slough Estuary Restoration Project sponsored
by the Skagit River System Cooperative (SRSC) and WDFW, and the sediment reduction
projects in the middle Skagit and Suiattle River watersheds sponsored by the U.S. Forest Service.
Over 1,100 acres of habitat in the Cascade River was put into permanent conservation protection
through the partnership of Seattle City Light, Washington Department of Natural Resources, and
USFWS (USFWS 2008a, p. 12). Several miles of foraging, migration, and overwintering habitat
along the middle Skagit River have been protected since 2004 by the Skagit Land Trust and The
Nature Conservancy, and major areas along the middle Skagit are being restored by the Skagit
Fisheries Enhancement Group and SRSC. The SRSC has been reducing the impacts of bank
armoring on foraging, migration, and overwintering habitats in the Sauk River by acquiring lands
and subsequently removing riprap (USFWS 2008a, p. 12). Additionally, the severity of
downstream fish passage impacts at Upper Baker Dam have been reduced (USFWS 2008a, p. 9)
and work to upgrade the upstream adult trap and haul facility at the Lower Baker Dam has been
completed.
Climate change is expected to negatively affect the Lower Skagit core area (USFWS 2008a, p.
19). Climate change is expected to result in higher water temperatures, lower spawning flows,
and increased magnitude of winter peak flows (Battin et al. 2007 in USFWS 2008a, p. 19; Lee
and Hamlet 2011). Glacial retreat, snowpack reduction, bluff erosion, landslides, and increased
peak flows, are expected to result in increased rates of aggradation downstream (Lee and Hamlet
2011, p. 128-131). Higher peak flows and increased aggradation may increase redd scour and
smothering, resulting in mortality to eggs, incubating embryos, and pre-emergent juveniles. The
unusually low summer flows and record flood events in the mid-2000’s, which are believed to be
a primary contributor to basin-wide declines in bull trout abundance, may be an indicator of how
climate change may affect bull trout in the Lower Skagit core area (USFWS 2008a, p. 19).
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Threats
There are five primary threats to bull trout in the Lower Skagit core area (USFWS 2015b, pp. A11 to A-12):
Upland/Riparian Land Management: Legacy Forest Management. Associated sediment
impacts, particularly from forest roads, have led to habitat degradation within key spawning and
rearing basins (i.e., Sauk and Suiattle Rivers) in the core area.
Instream Impacts: Flood Control. Flood and erosion control associated with agricultural
practices, transportation corridors, residential development and urbanization continues to result
in poor structural complexity within lower river FMO habitats (e.g., Skagit and lower Sauk
Rivers) key to the persistence of the anadromous life history form.
Water Quality: Agriculture Practices and Residential Development and Urbanization. Related
activities have resulted in sediment and temperature impairment in major tributaries to the lower
Skagit River and possibly upper Sauk River
Water Quality: Climate Change. Increasing variability in flows (higher peak and lower base
flows) are anticipated to significantly impact both spatial and life history diversity of bull trout
within the core area.
Connectivity Impairment: Fish Passage Issues. Upstream and downstream connectivity at
hydropower facilities (i.e., Baker River hydropower project) is directly tied to active fish passage
measures under the 2004 Settlement Agreement and 2008 Federal Energy Regulatory
Commission license renewal.
Additional threats to the Lower Skagit core area bull trout population include the following:
•

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

•

Estuarine nearshore foraging habitats have been, and continue to be, negatively affected
by agricultural practices and development activities. In addition, declines in forage fish
species, particularly surf smelt and Pacific herring, in the marine nearshore areas of the
Salish Sea (Therriault et al. 2009; Greene et al. 2015) have resulted in part from
degradation of habitats including natural beaches and eel-grass beds, and from water
pollution impacts. Anadromous bull trout feed heavily on these species in nearshore
areas (Goetz et al. 2004, pp. 109-112). Declines in marine nearshore habitat quality and
prey resources may limit the abundance of the anadromous life history form.

•

Declines in abundance of anadromous salmonids have reduced the bull trout forage base
and may limit the abundance and productivity of the core area’s bull trout populations
(USFWS 2008a, p. 15). Anadromous salmonids are vital to Lower Skagit core area bull
trout because they provide an abundant forage resource. However, the abundance of
many species of anadromous salmonids in the Lower Skagit core area has been in decline
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for a decade (chum salmon, Oncorhynchus keta) or more (Chinook salmon, O.
tshawytscha, and steelhead trout, O. mykiss) (WDFW 2015). Bull trout abundance and
growth rates are positively correlated with abundance of spawning anadromous
salmonids in the Lower Skagit core area (Kraemer 2003, pp. 5, 9-10; Zimmerman and
Kinsel 2010, pp. 26, 30) and elsewhere (Copeland and Meyer 2011, pp. 937-938). Such
correlations have been observed for other species as well (Bentley et al. 2012; Nelson and
Reynolds 2014). Anadromous salmonids provide a direct forage resource via eggs and
juveniles, which make up a substantial proportion of the bull trout diet (Lowery and
Beauchamp 2015). Spawning fish and carcasses also stimulate ecosystem productivity,
thereby increasing abundance of aquatic invertebrates and resident fishes (e.g.,
Cederholm et al. 1999; Moore et al. 2008; Copeland and Meyer 2011; Rinella et al.
2012). Aquatic invertebrates and resident fishes are also important components of the
Lower Skagit core area bull trout diet (Lowery and Beauchamp 2015).

SNOHOMISH-SKYKOMISH CORE AREA
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. Bull trout did not occur above Sunset Falls on the South Fork Skykomish River prior to
1958, when the Washington Department of Fisheries (now Washington Department of Fish and
Wildlife) implemented a trap-and-haul program for anadromous salmonids. This program is still
operating.
Fluvial, resident, and anadromous life history forms of bull trout occur in the SnohomishSkykomish core area. A large portion of the migratory segment of this population is anadromous.
There are no lake systems within the basin that support typical adfluvial populations; however,
anadromous and fluvial forma occasionally forage in a number of lowland lakes having
connectivity to the mainstem rivers (USFWS 2004, p. 99).
The Snohomish, Snoqualmie, Skykomish, North Fork Skykomish, and South Fork Skykomish
Rivers provide important foraging, migrating, and overwintering habitat for subadult and adult
bull trout. The topography of the basin limits the amount of key spawning and early rearing
habitat in comparison with many other core areas. 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.
In 2008, the Snohomish-Skykomish core area population was considered at “potential risk” for
extirpation (USFWS 2008b, p. 35). Since 2008, some of the key status indicators have declined.
The status of the bull trout core area population can be summarized by 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, p. 215).

7

Number and Distribution of Local Populations
Four local populations are recognized within the Snohomish-Skykomish core area (USFWS
2004, pp. 99-105; USFWS 2015, p. A-14): 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. Core areas with fewer than 5 interconnected local populations are
at increased risk of local extirpation and adverse effects from random naturally-occurring events
(USFWS 2004, pp. 216-218). Three of the four Snohomish-Skykomish core area local
populations are interconnected (see Connectivity section below).
Adult Abundance
The Snohomish-Skykomish core area probably supports between 500 and 1,000 adults. In 2008,
it was believed that this core area supported just over 1,000 adults (USFWS 2008a, p. 2; USFWS
2008b, p. 35). However, abundance indices in the two primary local populations (North Fork
Skykomish River and South Fork Skykomish River) have substantially declined since then
(WDFW 2015). From 2002 to 2007, North Fork redd counts averaged 305 redds, peaking at 538
redds in 2002. In contrast, from 2009 to 2014, counts averaged 90 redds, with a minimum of 17
redds observed in 2013, the lowest single-year count since surveys began in 1988. During the
same time, spawner counts at the South Fork Skykomish River trap declined from a mean of 94
fish from 2002 to 2007, to a mean of 63 fish from 2009 to 2014. The Troublesome Creek local
population is mainly a resident population upstream of a natural migration barrier . Adult
abundance is unknown for this local population. The Salmon Creek local population likely has
fewer than 100 adults.
The Snohomish-Skykomish core area is at risk from genetic drift because it likely contains fewer
than 1,000 spawning adults per year (USFWS 2004, pp. 218-224). Two local populations (South
Fork Skokomish River, Salmon Creek) are at risk from inbreeding depression because they are
believed to contain fewer than 100 spawning adults per year (USFWS 2004, pp. 218-224). The
North Fork Skykomish River local population is not at risk from inbreeding depression. Risk
from inbreeding depression to the Troublesome Creek local population is unknown.
Productivity
Population trends for the two primary local populations (North Fork Skykomish River and South
Fork Skykomish River) have been in decline since peaking in the early- to mid-2000’s. Longterm redd counts for the North Fork Skykomish River local population increased from the time
of listing, peaked between 2001 and 2004, and have generally been in decline since. The fiveyear running average from 2012 to 2014 varied between 83 and 118 redds, which is equivalent to
pre-listing levels (75 to 118 redds) despite peaking at 348 to 366 redds between 2004 and 2006.
A similar trend is evident in adult counts at the South Fork Skykomish River trap, although
recent five-year running averages (62 to 66 adults) are still above pre-listing levels (38 to 44
adults). The five-year running average peaked between 2005 and 2007 at 95 to 102 adults. It is
believed that the South Fork Skykomish River local population is continuing to colonize new
spawning and rearing habitat, which may partially explain the less dramatic declining trend.
Productivity of the Troublesome Creek and Salmon Creek local populations is unknown but
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presumed stable, as the available spawning and early rearing habitats are considered to be in
good to excellent condition. The Snohomish-Skykomish core area is at increased risk of
extirpation due to declining productivity (USFWS 2004, pp. 224-225).
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 reduces the risk of extirpation from
habitat isolation and fragmentation. However, connectivity with the South Fork Skykomish local
population is dependent upon the trap-and-haul facility at Sunset Falls.
Changes in Environmental Conditions
Since the bull trout listing, federal actions occurring in the Snohomish-Skykomish core area have
had short- and long-term effects to bull trout and bull trout habitat, and have both positively and
negatively affected bull trout. These actions have included: statewide federal restoration
programs with 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 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.
Climate change is expected to negatively affect the Snohomish-Skykomish core area (USFWS
2008a, p. 14). Climate change is expected to result in higher water temperatures, lower
spawning flows, and increased magnitude of winter peak flows (Battin et al. 2007 in USFWS
2008a, p. 14). Higher peak flows may increase redd scour and mortality to eggs, incubating
embryos, and pre-emergent juveniles. Bull trout spawning and rearing areas are particularly
vulnerable to future climate change impacts, especially due to the narrow distribution of
spawning sites within this system (USFWS 2008a, p. 14).
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Threats
There are four primary threats to bull trout in the Snohomish-Skykomish core area (USFWS
2015, p. A-14):
Instream Impacts: Flood Control. Flood and erosion control associated with agricultural
practices, residential development, and urbanization continues to result in poor structural
complexity within lower river FMO habitats key to the persistence of the anadromous life history
form.
Instream Impacts: Recreational Mining. Recreational mining activities impact spawning and
rearing tributary habitats.
Water Quality: Residential Development and Urbanization. Associated impacts increase
seasonal high water temperature in lower mainstem rivers, migration corridors that are key to the
persistence of the anadromous life history form.
Connectivity Impairment: Fish Passage Issues. Persistence of the South Fork Skykomish River
local population is reliant upon continued funding and ongoing operation of the trap-and-haul
facility at Sunset Falls.
Additional threats to the Snohomish-Skykomish core area bull trout population include the
following:
•

Degraded habitat conditions from effects associated with timber harvests, logging roads,
and timber land fertilization, especially in the upper watershed, where spawning occurs.

•

Blocked fish passage, altered stream morphology, and degraded water quality in the
lower watershed resulting from agricultural and livestock management practices.

•

Injury and/or mortality from illegal harvest or incidental hooking/netting, which may
occur where recreational fishing is allowed by the Washington Department of Fish and
Wildlife.

•

Degraded water quality from municipal and industrial effluent discharges and
development.

•

Degradation of riparian areas due to residential development and urbanization, and
associated loss of foraging habitat and prey.

STILLAGUAMISH CORE AREA
The Stillaguamish core area is comprised of 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.
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Bull trout in the Stillaguamish core area primarily consist of the anadromous and fluvial lifehistory forms (USFWS 2004, p. 96). Resident bull trout occur in the upper South Fork
Stillaguamish River (USFWS 2004, p. 98; USFWS 2008a, p. 1) and possibly also upstream of
the anadromous barrier on Higgins Creek (USFWS 2008a, p. 3). There are no known populations
in the North Fork Stillaguamish River above a natural anadromous barrier at river mile 37.5
(Kraemer, in litt. 1999).
The South Fork Stillaguamish River upstream of Granite Falls has supported anadromous bull
trout since the construction of a fishway in the 1950s (USFWS 2004, pp. 97-98). Previously, the
falls were impassable to anadromous fish. Anecdotal information from fish surveys in the 1920s
and 1930ssuggest that native char likely were present above Granite Falls prior to construction of
the fishway (USFWS 2004, pp. 97-98).
Spawning habitat is generally limited in the Stillaguamish core area due to two primary factors:
1) there is a relatively small amount of high elevation areas, which often provide the best thermal
regimes for spawning, egg incubation, and early juvenile rearing; and, 2) historical land
management practices, particularly related to timber harvesting, have degraded much of the
available spawning and rearing habitat. In the North Fork Stillaguamish River basin, migratory
bull trout spawn in the upper reaches of the Deer Creek subbasin, including Upper Deer, Little
Deer, and Higgins Creeks. There is also a spawning population of resident char (bull trout or
Dolly Varden) above the anadromous barrier on Higgins Creek (USFWS 2008a, p. 3). In the
Boulder River subbasin, bull trout spawn below the impassible falls at river mile 3. Adult bull
trout have been observed in the North Fork Stillaguamish River above the Boulder River
confluence, including in the Squire Creek subbasin (USFWS 2004, p. 97). However, these fish
are suspected to be strays, colonizers (USFWS 2015, p. A-149), and/or fish foraging from other
core areas (USFWS 2004, pp. 3-4), although there has been no extensive juvenile sampling or
evaluation of spawning success.
In the South Fork Stillaguamish River basin, bull trout are known to spawn and rear in Canyon,
Palmer, Perry, and Buck Creeks and the upper South Fork mainstem above Palmer Creek
(USFWS 2004, pp. 94-99). Primary spawning grounds have been identified in the South Fork
Stillaguamish River above the Palmer Creek confluence. 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 (Oncorhynchus kisutch) salmon.
Migratory and resident fish coexist on the spawning grounds.
In Canyon Creek, bull trout use the upper south fork of the creek for spawning and rearing
(USFWS 2004, p. 98). Although there have been isolated and incidental observations of
spawning by migratory-size bull trout, electrofishing surveys in the early 2000s were unable to
locate any juvenile or resident fish. Spawning and early rearing habitat is believed to be in poor
condition due to the relatively low elevation and persistent effects of historical land management
activities, including logging.
The Stillaguamish core area population was considered “at risk” for extirpation in 2008 (USFWS
2008b, p. 35). Extirpation risk may be greater now due to lower abundance and declining
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productivity. The status of the bull trout core area population can be summarized by 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, p. 215).
Number and Distribution of Local Populations
Three local populations are recognized within the Stillaguamish core area: 1) Upper Deer Creek,
2) South Fork Stillaguamish River, and 3) Canyon Creek. These local populations are relatively
well-distributed throughout the core area. The Upper Deer Creek local population may be
extirpated (USFWS 2015, p. A-13), based on the paucity of historical observations of bull trout
and more recent failures to detect bull trout. Core areas with fewer than 5 interconnected local
populations are at increased risk of local extirpation and adverse effects from random naturallyoccurring events (USFWS 2004, pp. 216-218).
A fourth local population - North Fork Stillaguamish River - was recognized from the early
2000s (USFWS 2004, p. 94-99) until 2015, when it was no longer considered a local population
(USFWS 2015, p. A-149). Numerous adult bull trout have been observed in this part of the
Stillaguamish River system during staging and spawning periods. However, these are now
thought to have been anadromous individuals from outside the basin (USFWS 2015, p. A-149).
Bull trout redds, possibly from colonizing individuals from outside the basin, were observed in
the 1980s (USFWS 2015, p. A-149). No bull trout redds have been detected since then, though
redd surveys have been limited. Because of the past adult detections in this area, the North Fork
Stillaguamish River is considered a potential local population only.
Adult Abundance
The Stillaguamish core area likely contains fewer than 250 adults, however survey data is limited
and origin of fish observed in the former North Fork Stillaguamish River local population is
uncertain. This core area is at risk from genetic drift because it contains fewer than 1,000
spawning adults per year (USFWS 2004, pp. 218-224).
The South Fork Stillaguamish River local population may be the only functional population in
the core area (USFWS 2008a, p. 2). Average adult abundance in this local population, estimated
from redd counts, was approximately 40 fish from 2009 to 2011, a decline from approximately
125 fish from 2005 to 2008 (Fowler 2012).
The Upper Deer Creek and Canyon Creek local populations are believed to be very low,
although systematic surveys are not performed here. Past observations of redds and adults
suggest that each of these populations number well below 100 adults (USFWS 2004, p. 96).
Surveys in 2002 and 2003 did not detect any native char in either area (USFWS 2008a, p. 3).
The Upper Deer Creek local population may be extirpated (USFWS 2015, p. A-13).
The North Fork Stillaguamish River is not currently believed to support a spawning local
population, although there is insufficient information to rule out the possibility of one in
existence (USFWS 2015, p. A-149). It is believed that upwards of 100 adult bull trout utilize
this area (USFWS 2004, pp. 96-97), presumably as strays, colonizers (USFWS 2015, p. A-149),
and/or fish foraging from other core areas (USFWS 2004, pp. 3-4).
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All Stillaguamish core area local populations are at risk from inbreeding depression because they
appear to contain fewer than 100 spawning adults per year (USFWS 2004, pp. 218-224).
Productivity
Productivity of the Stillaguamish River core area may be in decline based on trends in redd
counts observed in the South Fork Stillaguamish River, the primary local population. Average
adult abundance estimated from redd counts was approximately 40 fish from 2009 to 2011, a
decline from approximately 125 fish from 2005 to 2008 (Fowler 2012). In addition, the threeyear running average of redd counts declined every year from 2007 (53 redds per year) to 2011
(18 redds per year). More recent survey data is needed to confirm whether this apparent trend is
continuing. Declining productivity places the core area at increased risk of extirpation (USFWS
2004, p. 224-225).
Connectivity
The presence of migratory bull trout in the primary local population (South Fork Stillaguamish
River) and likely other local populations diminishes the risk of local extirpation from
connectivity issues. However, persistence of migratory life history forms in the South Fork
Stillaguamish River depends upon continued operation of the Granite Fall fishway, which may
not be fully functional (USFWS 2008a, p. 5). In addition, a weir on Cook Slough impedes
upstream fish passage and/or traps migratory spawners (USFWS 2015, p. A-13).
Bull trout habitat within the Stillaguamish core area 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 Snohomish-Skykomish core area have
had short- and long-term effects to bull trout and bull trout habitat, and have both positively and
negatively affected bull trout. These actions have included: statewide federal restoration
programs with riparian restoration, restoration of fish passage at barriers, and habitatimprovement 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 Habitat Conservation Plans that address bull trout in this core area. For example,
in 2000, State forest practice regulations were significantly revised following the Forest and Fish
agreement. These regulations increased riparian protection, unstable slope protection,
recruitment of large wood, and improved road standards significantly. Because there is biological
uncertainty associated with some of the prescriptions, the Forest and Fish agreement relies on an
adaptive management program for assurance that the new rules will meet the conservation needs
of bull trout. The updated regulations are expected to significantly reduce the level of future
timber harvest impacts to bull trout streams on private lands, however, most legacy threats from
past forest practices will likely continue to be a threat for decades.
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The number of non-federal actions occurring in the Stillaguamish core area since the bull trout
listing is unknown. Beneficial actions include Snohomish County revised Critical Area
Regulations, effective October 1, 2007. The revised regulations included consideration for
anadromous fish intended to preserve the critical area functions beneficial to these species. In
addition, recent salmon recovery efforts are improving conditions for bull trout. Although
directed toward salmonids other than bull trout, the regional salmon recovery plan under the
Shared Strategy for Puget Sound and watershed-scale implementation under the Puget Sound
Partnership have resulted in general aquatic habitat improvements that benefit many target and
non-target species, including bull trout. Other non-federal 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.
Climate change is expected to negatively affect the Stillaguamish core area (USFWS 2008a, pp.
14-15). Climate change projections for the Puget Sound region suggest the following impacts to
occur in river systems across the region, including the Stillaguamish (Battin et al. 2007; Beechie
et al. 2013; Hall et al. 2014; Tohver et al. 2014): greater proportion of rain during the winter and
less snowpack in the late spring and early summer; higher water temperatures, especially during
the summer; lower flows during the summer and early fall; and, increased magnitude of winter
peak flows Snowpack reduction, increased peak flows, and associated bluff erosion and
landslides may result in increased rates of sediment aggradation downstream (Lee and Hamlet
2011, p. 128-131). Higher peak flows and increased aggradation may increase redd scour and
smothering, resulting in mortality to eggs, incubating embryos, and pre-emergent juveniles. In
addition, the Stillaguamish River basin already suffers from temperature exceedances within its
mainstem and two forks (WDOE 2007), making it particularly vulnerable to climate change
impacts. There are no glaciers or protected areas in the Stillaguamish River basin that could help
to buffer the impacts of climate change (USFWS 2008a, p. 14-15).
Threats
There are six primary threats to bull trout in the Stillaguamish core area (USFWS 2015, p. A-13):
Upland/Riparian Land Management: Forest Management. Legacy and ongoing impacts have
exacerbated landslide activity in the watershed degrading salmonid habitat and water quality.
Instream Impacts: Recreational Mining.
habitats.

Activities impact spawning and rearing tributary

Water Quality: Forest Management, Residential Development and Urbanization. Legacy
impacts result in seasonal high water temperatures in mainstem river, North and South Forks,
and some local population tributaries; anticipated to be further exacerbated by climate change.
Connectivity Impairment: Fish Passage Issues. Stillaguamish weir on Cook Slough impedes
upstream fish passage and/or traps migratory spawners.
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Connectivity Impairment: Fish Passage Issues. Persistence of the migratory life history in the
South Fork Stillaguamish River local population is reliant upon continued functionality of the
fishway at Granite Falls.
Small Population Size: Genetic and Demographic Stochasticity. Available spawner abundance
data indicates the low number of adults results in increased genetic and demographic
stochasticity in the South Fork Stillaguamish and Upper Deer Creek local populations, in fact,
the Upper Deer Creek local population may be extirpated.
Additional threats to the Stillaguamish core area bull trout population include the following:
•

Estuarine nearshore foraging habitats have been severely diminished in quantity and
quality (USFWS 2008a, pp. 8, 13). In addition, declines in forage fish species,
particularly surf smelt and Pacific herring, in the marine nearshore areas of the Salish Sea
(Therriault et al. 2009; Greene et al. 2015) have resulted in part from degradation of
habitats including natural beaches and eel-grass beds, and from water pollution impacts.
Anadromous bull trout feed heavily on these species in nearshore areas (Goetz et al.
2004, pp. 109-112). Declines in marine nearshore habitat quality and prey resources may
limit the abundance of the anadromous life history form.

•

The abundance of many species of anadromous salmonids in the Stillaguamish core area
has been in decline for many years (WDFW 2015). Bull trout abundance and growth
rates are positively correlated with abundance of live-spawning anadromous salmonids in
the nearby Lower Skagit core area (Kraemer 2003, pp. 5, 9-10; Zimmerman and Kinsel
2010, pp. 26, 30) and elsewhere (Copeland and Meyer 2011, pp. 937-938). Such
correlations have been observed for other species as well (Bentley et al. 2012; Nelson and
Reynolds 2014). Anadromous salmonids provide a direct forage resource via eggs and
juveniles, which can make up a substantial proportion of the bull trout diet (e.g., Lowery
and Beauchamp 2015). Live spawners and carcasses also stimulate ecosystem
productivity, thereby increasing abundance of aquatic invertebrates and resident fishes
(e.g., Cederholm et al. 1999; Moore et al. 2008; Copeland and Meyer 2011; Rinella et al.
2012), which bull trout forage on (Lowery and Beauchamp 2015). The long-term decline
in abundance of live-spawning anadromous salmonids and the related decline in the
forage base may limit the long-term abundance and productivity of the core area’s bull
trout populations.

•

Climate change is expected to negatively affect spawning and rearing bull trout via
elevated water tempertures during migration, spawning, and rearing periods; redd scour
due to increased peak flows; decreased habitat quantity as a result of lower summer
flows.

•

Historical planting of Westslope cutthroat trout in the North and South Forks of the
Stillaguamish River in areas overlapping bull trout spawning and rearing is a concern
(USFWS 2004; USFWS 2008a, p. 7).
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APPENDIX G
ESTIMATING THE PROBABILITY OF MARBLED MURRELETS EXPOSURE TO
STRESSORS FROM EXPLOSIONS AND SONAR IN CONSERVATION ZONE 1
(INLAND WATERS)
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Appendix G
Estimating the Probability of Marbled Murrelets Exposure to Stressors from Explosions
and Sonar in Conservation Zone 1 (Inland Waters)
This document describes the methodology for determining whether the marbled murrelet
(murrelet) (Brachyramphus marmoratus) is likely to be exposed to stressors from sonar and
explosions in Inland Waters. Since, compared to Offshore Areas, there is more comprehensive
survey data available for Inland Waters; we calculated murrelet density and distribution specific
to Inland Waters. We used a reasonable worst-case scenario to determine whether exposure was
extremely unlikely to occur (discountable). If the probability of exposure according to this
“worst-case” analysis was greater than 10 percent, we went on to assess exposure in a
“reasonably certain” scenario to determine the probability of exposure, and the number of groups
that were likely to be exposed to the stressors (see Appendix A 1).
In Inland Waters, the first step towards determining the likelihood of murrelets encountering
stressors associated with sonar and detonating explosives is to describe the structure of the
murrelet population in Conservation Zone 1. The Northwest Forest Plan Effectiveness
Monitoring Program reports the abundance and density of murrelets in Conservation Zones 1 to
5 (Falxa and Raphael 2015) during the summer. The most recent population estimates from
Falxa et al. (2015), show that Conservation Zone 1 has an annual rate of change of -5.4 percent
between 2001 and 2014.
Methods
Murrelets commonly occur in the marine environment in flocks that vary in size and distribution
by season (Falxa, 2008; Nysewander et al. 2005, p. 65, 68; Speich et al. 1992). Murrelet summer
density varies considerably temporally (within and between years) and spatially in Puget Sound.
To best address this temporal variation we estimated population abundance by averaging the
murrelet density within each survey area (stratum) between 2011 and 2015 in Conservation Zone
1 (Table 1).
Table 1. Average marbled murrelet density and population size during summer (April through
September) in Conservation Zone 1 between 2011 and 2015 (Falxa et al. 2015; Falxa and
Raphael 2015).
Mean Population Size Estimate with 95% CI1

1

Conservation Zone 1
(Strata)

Mean Density
(birds/km2)

Mean

Lower

Upper

Survey
Area (km2)

1

3.7

3,144

1,661

4,688

845

2

1.3

1,582

786

2,404

1,194

3

0.5

701

252

1,624

1,458

All

1.6

5,427

2,699

8,716

3,497

CI = confidence interval

1

Appendices referenced in this appendix are appendices associated with the NWTT Biological Opinion (Service
Reference: 01EWFW00-2015-F-0251)
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To approximate murrelet winter density, we used 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.
We calculated an 8-year average density of 87.05 marine birds/km2 from the information
reported by Nysewander et al. (2005, p. 10) for the area encompassing the Explosive Ordnance
Disposal (EOD) sites. We then multiplied the 8-year average by the maximum murrelet
occurrence rate of 0.00219 murrelets/km2 [the product of the maximum alcid occurrence rate
(0.146 alcids/marine bird) and the proportion of the alcids that were murrelets (0.015
murrelets/alcid)]. The result was an average maximum murrelet summer density of 0.190
murrelets/km2 (87.05 birds/km2 x 0.00219) for the 1992-1998 survey period. We calculated the
average maximum murrelet density in summer to make an appropriate comparison with the
winter maximum murrelet density provided in Nysewander et al. (2005). When we compared
the maximum summer density (0.190 murrelets/km2) (Falxa et al. 2009) to the maximum winter
density (0.35 murrelets/ km2), (Nysewander et al. 2005, p. 65) we calculated a 1.84-fold increase
(0.35/0.19) in winter density over the summer density estimates We multiply summer
abundance by a winter abundance correction factor of 1.84 to predict winter density in
Conservation Zone 1.
The significant density increase in the winter is likely due to murrelets from coastal areas of
British Columbia (outside the listed range of the species) and Washington (Conservation Zone 2)
gathering in Puget Sound.
Group Size and Number of Groups
Murrelet summer foraging groups are most often two birds, with other group sizes (singles and
groups of three or more birds) less common (Merizon et al. 1997). To assess murrelet risk we
estimated of the size and number (density) of murrelet groups in the affected Conservation Zone
1. The mean group size of murrelets is computed each year for Conservation Zone 1 for the
NWFPEM (Falxa 2011). To estimate the number of groups at either the conservation zone or
stratum scales, we computed the overall mean group size (f) from the 2001 through 2009 annual
group size mean (corrected for observer detection bias due to group size) reported by Falxa
(Falxa 2011). 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 in the conservation zone (from the population size reported in Table 1) or within a given
survey stratum (from the reported strata densities in Falxa 2010 in litt.) based upon a 1.73 mean
group size. We relied on data provided at the stratum level; therefore, we assume that the
density of birds at Crescent Harbor is reasonably similar to Floral Point because they are both in
the same stratum (Stratum 2).
2

Although murrelet group sizes probably increase during the winter, we decided to use the
summer mean group size (1.73 birds per group) 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 9,986 murrelets (5,427 murrelets x 1.84), we estimate that 5,772 groups (9,986
murrelets/1.73 murrelets/group) occur in Conservation Zone 1 during the winter. We established
a six-month summer season to generally correspond to the breeding season that begins in April
and ends in September and therefore defined the winter season as October to March. Using this
information, we then computed the summer and winter group density (groups/km2) from
Equation 1.
Equation 1: dflock = [(nt,s)/(f)] / (as)
Where dflock is the group density (groups/km2); nt,s is the annual population size (#
murrelets) during year t in stratum s; f is mean group size (1.73 birds per group; and a is
the area of stratum s (km2).
Likelihood of Occurrence

We used a Poisson probability model based upon murrelet group density in Stratum 2 to evaluate
the likelihood of one or more murrelet groups occurring within a given area of potential exposure
in which injury may occur (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 and Ford 1974, p. 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.
We used a Poisson probability model based on murrelet density to estimate the group size (1.73)
and number of birds exposed to stressors and to evaluate the likelihood of one or more marbled
murrelets being within the range of a critical threshold (i.e., onset of injury, mortality, or
disturbance). We considered the foreseeable future when determining the cumulative
probability, which is 20 years in this case. Additionally, we considered whether pre-detonation
surveys would occur and whether they would reduce the cumulative probability of exposure to
less than 10 percent. When pre-detonations surveys were proposed we assumed fifty percent
effectiveness, meaning that detonations would be halted only fifty percent of the time that
murrelets are present.
In this analysis, murrelet foraging groups were viewed as a Poisson process with an average
group density (groups/km2, represented by dflocks) of birds foraging in Puget Sound. The sizes of
critical fields associated with the periodic EOD training (explosives) were treated as independent
events, each having a probability of an “encounter” (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 an underwater detonation as a
“murrelet encounter.”

3

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: ƒp (x|G, t) = [(Gt)x * e-Gt] / x!
where ƒp is the probability of x = 0, 1, or 2 group encounters; e is the natural logarithm
base approximately equal to 2.7183; G = the mean number of group encounters within a
critical field; and t = the number of time units under consideration (Ewart and Ford 1974,
p. 189, 190).
Defined in this manner, Gt is the mean number of group encounters within a given critical field
for t units of time representing the duration exposure to the high SPL. For example, when t = 1
second, the mean number of group encounters is equal to G. The group encounters for each
season are derived from the seasonal (winter or summer) group density (group/km2) multiplied
by the area ensonified (km2). The duration of an acoustic event from an explosion is less than
one second; therefore, the time element is not a factor to consider when considering whether
repeated exposures may occur over time.
To assess the likelihood of murrelet exposure as described above, the following assumptions
were made about murrelet foraging bouts:
•

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;

•

any occurrence of a murrelet group is independent of all other murrelet groups;

•

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

•

G remains constant throughout the given season of interest (i.e., there is a constant mean
number of group 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 between 0 and 1.0. We
treated results where p ≥ 0.1 as an “encounter” and values of p < 0.1 were treated as a “miss”.
We used 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 U.S. Fish and Wildlife Service
(Service) 2008 Biological Opinion (USFWS 13410-2009-0020) on the U.S. Navy’s (Navy)
proposed Explosive Ordnance Disposal Training at Crescent Harbor (USFWS 2008, p. 99).
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The shape, size, orientation, and location of the underwater sound fields are determined by the
energy magnitude at the source (dB) and the 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, we used the following simplifying assumptions:
•

The directivity of the energy field from the charge is omnidirectional.

•

The charge detonations occur at depths of 27 m (at Crescent Harbor EOD) or 16.5 m (at
Floral Point EOD). The maximum foraging depth of murrelets is approximately 47 m
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
for detonations (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.

•

For sonar, we determined the maximum duration of an acoustic event based on the
number of hours of sonar emitted annually. We used the distance to onset of injury to
define the exposure area and modeled the probability of exposure over 20 years.

Applying these assumptions we constructed a conceptual spatial frame to simulate a murrelet
encounter and quantify the number of birds that might be exposed during EOD and sonar
exercises. To complete the simulation of the exposure scenario, we had to compute the
probability of a murrelet encounter while foraging based upon the species foraging behavior and
the Navy’s proposed pre-detonation surveys for murrelets. No surveys are proposed by the Navy
for sonar.
Foraging Behavior
Marbled murrelets spend a considerable amount of time on top of the water (not foraging) in any
given day. During summer, murrelets spent 30 to 45 minutes on the surface without feeding,
remaining within a few meters of each other. When diving, they were sometimes seen separated
by 100 meters or more, after which they immediately called and paddled toward each other.
Once reunited, they billed, circled each other, stretched wings, and rested on surface or started
diving again (Thorensen 1989, p. 36).
Marbled murrelets are also aggressive feeders during a typical, 30-minute foraging bout,
spending up to 22 minutes of the bout (75 percent) submerged/foraging. Thorensen found that
during a foraging bout, marbled murrelets mean dive time was 45 seconds and mean time spent
on the surface was 15 seconds (1989, p. 36). If a 30-minute foraging bout is comprised of
intervals where the birds dive 45 seconds and surfaces for 15 seconds, this would represent 75
percent of the 30-minute foraging bout spent underwater; total of 22.5 minutes out of 30 minutes
(assuming the averages mentioned above, not the upper and lower range values).
5

Although we expect they would be underwater for approximately 75 percent of a foraging bout,
they also spend a significant amount of each day loafing, preening, and other activities on the
surface of the water. We expect they are just as likely to be on the surface as underwater at any
given point in a day. We therefore assumed murrelets are underwater fifty percent of the day and
above the water fifty percent of the day. For sonar, we assumed that murrelets would not be
within the range of the sonar for longer than 5-minutes because the birds are rarely stationary.
Pre-detonation Surveys
The Navy will only use command generated detonations, which have no delay. In prior consultations
within Conservation Zone 1, the Navy conducted pre-detonation surveys for murrelets and delayed or
suspended the EOD exercise when murrelets are observed within 500 m of the charge location.
However, wildlife surveys are rarely 100 percent effective at detecting the target organism. The
Service formerly evaluated the effectiveness of the Navy’s pre-detonation survey protocol (USFWS
2008, p. 100):
“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 command generated detonation, in
which the detonations can be halted and would eliminate the opportunity for
murrelets to 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.”

Based on this prior evaluation, and because the Navy will not use 2 observers, and follow the
Service Protocol for monitoring murrelets, we assume the Navy’s pre-detonation surveys have a
detection rate of 50 percent.
The sizes of the various injurious energy fields were determined by Equation 3, using radii
associated with a given attenuation distance to three threshold values: 212 dB SEL, 36 Pa-sec,
and 138 Pa-sec.
Equation 3: A = πr2
where A is the area of a circle (km2); π 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.

6

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 group) given the murrelet
density.
Equation 4: ƒp (x|G, A) = [(Gπr2)x * e-(G π r^2) ] / x!
(note: the symbology r^2 in the exponent of e is used to denote r2).
The general form of Equation 4 was then simplified (Equations 5 - 8) to calculate the
probabilities of 0, 1, 2, 3, etc. murrelet groups 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) = e-μ

(Probability of 0 groups)

Equation 6:

P(X=1) = (μ) e-μ

(Probability of 1 group)

Equation 7:

P(X=2) = (μ2) (e-μ)/2!

(Probability of 2 groups)

Equation 8:

P(X=3) = (μ ) (e )/3!

(Probability of 3 groups)

3

-μ

where x = the number of expected murrelet encounters given μ = Gπr2 (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 μ will be adjusted (reduced) by 50 percent for survey
effectiveness and 50 percent for murrelets on the surface (not foraging).
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 10-4).
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APPENDIX H
PROBABILITY OR LIKELIHOOD OF EXPOSURE
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